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v

Since the publication in 1993 of our book Minimally Invasive Surgery in 
Gastrointestinal Cancer, our interest has been the implementation of mini-
mally invasive procedures in gastrointestinal cancer.

Surgeons continually strive to provide the best care possible for their 
patients. This focus on enhancing the quality of surgery brings them to 
employ the minimally invasive surgical (MIS) approach. Doing so, it reduces 
postoperative pain, lowers the risk of postoperative complications and 
increases the quality of life.

Surgeons have in the past decades demonstrated major progress in improv-
ing surgery. We have seen diagnostic invasive procedures replaced by a vari-
ety of imaging techniques providing high-resolution insight in the anatomical 
aspects of the disease, thereby allowing surgical teams to refine their surgical 
indications and approaches. We have seen large abdominal incisions replaced 
by minimal incisions, thus allowing patients to ambulate very early after sur-
gery and reassume their activities within days instead of long postoperative 
stays in the hospital. We have seen endoluminal and image-guided percutane-
ous placement of stents or drains for relieving obstructions or fluid collec-
tions that impede the recovery of patients.

Hence it is no surprise that MIS is currently the standard surgical treat-
ment in many areas of abdominal surgery, such as gallbladder surgery, the 
whole benign gastrointestinal surgery and colon and rectum cancer surgery.

Studies do continue to determine the quality of MIS. To be sure, the notion 
that minimally invasive procedures in upper gastrointestinal surgery, espe-
cially the oncological processes, are as efficient or even better than their 
counterpart of open surgery still follows different phases of becoming evi-
dent. For some procedures, like esophageal resection and partial gastrectomy 
for cancer, the evidence of the supremacy of MIS is now reasonably certain. 
High evidence even suggests that MIS may be superior to the counterpart 
open resections by providing clearer short-term advantages and equal onco-
logic safety. Other procedures, such as total gastrectomies, hepatic resections 
and duodenopancreatectomies for pancreatic head cancer, are still subject to 
high-level studies for determining how evidence-based these standard proce-
dures are. Significant is that the introductions of high-definition imaging, 3D 
technology and robot-assisted surgery demonstrate the advantages of having 
a better visualization and ergonomy. These techniques involve the capacity to 
dissect and reconstruct tissues in difficult to locate places and suffice with a 
relative short learning curve.
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Despite successes, upper abdominal MIS procedures remain difficult to 
standardize because of the complicated and tortuous surgical anatomy and 
due to the limited numbers of patients undergoing these procedures in com-
parison with, for example, the high numbers in colorectal surgery.

The philosophy of surgery we follow is that once a good indication exists 
for surgery, the combination of an optimal use of neoadjuvant therapy with 
minimally invasive surgery will achieve the best outcome for the patient, 
offering a high quality of life. Our objective in this book is to depict the cur-
rent situation of minimal upper GI surgery in oncology. By doing so, we 
demonstrate how to perform these procedures with the minimum risk for the 
patients and simultaneously obtaining as many advantages as is feasible.

The setup for this book has five sections: the esophageal, the gastric, the 
duodeno-pancreas, the hepatic and splenic surgery. Each section starts with a 
chapter dedicated to surgical anatomy of the different areas that configure the 
upper abdomen, followed by different possibilities of neoadjuvant treatment 
of a specific cancer. After dealing with neoadjuvant treatment, a chapter com-
pares the outcome of minimally invasive procedures in comparison with their 
counterpart open approach. More chapters treat the specific operative tech-
niques of MIS, its outcome and the current situation whereby the robot-
assisted minimally invasive surgery is used.

Knowledge of the surgical anatomy is very important for each surgeon and 
helps to standardize the use of convenient dissection planes and to perform a 
standard oncological resection.

The call for achieving higher proficiencies in MIS is clear. Mastering the 
MIS procedures is arduous and may take time. We realize that surgeons dedi-
cated to upper abdominal surgery may have to gain proficiencies involving a 
lengthy learning curve while under the control and assistance of a master.

Moreover, readers of this book will be aided by a well-chosen collec-
tion of videos that describe the accomplishment of the surgical procedures 
in MIS.

Our gratitude for the splendid contributions of all authors is great. Their 
dedication to the design and implementation of the procedures treated in this 
volume is encouraging.

We hope that this book will enrich the knowledge and understanding of 
surgeons and surgical residents around the world who are dedicated to upper 
gastrointestinal cancer surgery and will inspire these professionals to persist 
in improving on surgery.

Amsterdam, The Netherlands� Miguel A. Cuesta 
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Advantages of Minimally Invasive 
Surgery in Upper Abdominal 
Surgery

Miguel A. Cuesta

The postoperative advantages of the Minimally 
Invasive Surgical (MIS) approach in comparison 
with Open approach in Upper Gastrointestinal 
Oncology concern: (1) The stress and immune 
responses, (2) the surgical intervention, (3) the 
postoperative short-term effects and morbidity, 
(4) the postoperative Quality of Life and (5) the 
oncological consequences.

1.1	 �Advantages Holding 
for Stress and Immune 
Responses

All surgical traumas are followed by unantici-
pated side effects such as pain and infection. A 
theory regarding the onset of these side effects 
pertains to the surgical stress response entailing 
subsequently increased demands on the patient’s 
reserves and immune status. The demand on 
organ functions is increased following surgery 
and it is thought to be mediated by trauma-
induced endocrine and metabolic changes. To 
circumvent this problem and reduce surgical 
trauma, the first minimally invasive colectomy 
was described by Jacobs et al. in 1991 [1]. Since, 

many studies have shown the clinical short-term 
benefits for laparoscopic colectomy over open 
procedures without compromising oncological 
outcomes [2–5].

HLA-DR expression on monocytes is corre-
lated to the competence of a patient’s specific 
immune response. C-reactive protein levels are 
associated with postoperative infectious compli-
cations. Interleukin-6 levels are associated with 
postoperative complications rates and are a pre-
dictor of morbidity following surgical interven-
tion. Since the introduction of laparoscopic 
colectomies, several studies have studied these 
parameters and compared the postoperative stress 
response between open and minimally invasive 
procedures. Wu et al. [6] and Harmon et al. [7] 
both described lower interleukin-6 levels follow-
ing laparoscopic colectomy.

Both interleukin-6 levels and C-reactive pro-
tein levels were found to be lower for laparo-
scopic colectomies by Schwenk et  al. [8]. 
Recently, our Department published a series of 
40 patients comparing surgical stress response 
between laparoscopic and open total mesorectal 
excision (TME) [9]. Only a significant reduction 
in surgical stress response regarding HLA-DR 
expression in monocytes and interleukin-6 levels 
could be found for the laparoscopic TME at 2 h 
postoperatively. No differences regarding leuko-
cytes, monocytes, C-reactive protein, interleukin-
8, cortisol, growth hormone, and prolactin could 
be found at 24  h and 72  h postoperatively.  

M.A. Cuesta 
Emeritus Professor, Department of Surgery, VUmc,  
Amsterdam, The Netherlands
e-mail: ma.cuesta@vumc.nl
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The conclusion being that only a short-term ben-
efit in surgical stress response for laparoscopic 
TME procedures could be proven. A similar out-
come can be expected after Minimally Upper 
Abdominal Surgery.

The recent introduction of fast-track postop-
erative care by Kehlet [10–12] has revived the 
discussion regarding postoperative immune and 
stress response. Since the introduction of the 
fast-track multimodality postoperative care, no 
studies had yet appeared that investigated the 
stress response and immune function between 
fast-track and conventional care. Therefore, 
two surgical departments in Amsterdam, the 
AMC and the Vumc, conducted a randomized 
trial as substudy of the LAFA trial [13] compar-
ing open versus laparoscopic colectomy with 
fast-track or conventional postoperative care 
[14]. Patients with nonmetastasized colon can-
cer were randomized to laparoscopic or open 
colectomy with fast-track or standard care. A 

significant difference in HLA-DR expression 
on monocytes (and therefore immune compe-
tence) was observed between the four groups 
(Fig.  1.1). Patient with laparoscopy and fast-
track perioperative care remained the best 
immune-competent. Patients with open surgery 
and standard care were found to have higher 
postoperative C-reactive protein and IL-6 levels 
when compared to the other groups (Fig. 1.2). 
Laparoscopy seemed to better preserve immune 
status and reduce postoperative surgical trauma. 
On the other hand, in the present study, no clin-
ical benefits such as less postoperative compli-
cations could be found.

The ensuing discussion concerns why laparos-
copy and fast-track surgery has clinical advan-
tages. Up to date, little evidence exists regarding 
a reduced-postoperative-surgical stress response 
explaining enhanced patient-recovery following 
laparoscopic colorectal surgery with or without 
fast-track perioperative care.
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Fig. 1.1  Significant 
difference in HLA-DR 
expression on monocytes 
between the four groups 
studied in the LAFA trial. 
The two laparoscopic 
groups have a higher 
expression then the two 
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1.2	 �Advantages of the MIS 
During Surgical Intervention

The advantages derived from the better visual-
ization and the magnification obtained by the 
laparoscopic camera’s are clear. Improvement in 
2D-visualization obtained by high definition 
technologies has been very important in order to 
increase the quality of MIS and expand these 
operative techniques worldwide. If you can see 
better, you can probably dissect better. Moreover, 
the improvements produced by more advanced 
techniques—such as 3D-imaging and robot-
assisted interventions—are very important but 
must be evidenced by randomized control stud-
ies before their global implementation. In the 
last 10 years, these imaging improvements have 
been sustained by new dissection instruments, 
sealing devices and staplers, which changed the 
way to operate involving important conse-
quences such as less blood loss, more efficient 
dissection and new operative protocols. 

Furthermore, imaging diagnosis has been enor-
mously improved, thereby permitting a better 
selection of patients and procedures. Hence, sur-
gical anatomy is to be newly described accord-
ing to the information generated by MIS. These 
changes will help to define more clearly the sur-
gical planes to be dissected during oncological 
procedures, and so enhance standardizing the 
oncological resections [15].

1.3	 �Advantages 
on Postoperative Short-Term 
Effects, Including Morbidity

Short-term advantages of MIS in Upper GI and 
HPB Surgery are derived from the reduced 
amount of operative trauma. Advantages of MIS 
such as less morbidity, short hospital stay and a 
quicker recovery are frequently found. The rea-
sons for the lower complication rate after MIS 
as compared to the procedure of its open coun-

25,000
LFT
LS
OFT
OS

20,000

15,000
IL

-6
 in

 %

10,000

5000

0
0 1 2

Postoperative hours
24 72

Fig. 1.2  Patients with 
open surgery and 
standard care of the 
LAFA trial have higher 
postoperative IL-6 levels 
when compared with the 
other three groups
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terpart are multiple: (a) A careful dissection 
technique, (b) less blood loss, (c) avoidance of 
huge-approach wounds such as laparotomy or 
thoracotomy, and (d) the systematic dissection 
by planes.

Regarding MI esophagectomy, the published 
randomized control trial, i.e. the TIME trial, 
compared open esophagectomy (OE) with Total 
minimally invasive esophagectomy (MIE). The 
results demonstrated that MIE results in less 
blood loss, a lower incidence of pulmonary infec-
tions, a shorter hospital stay, and a better 
short-term quality of life without compromise of 
the quality of the resected specimen [16]. 
Concerning gastrectomy, there is evidence that 
the Minimally Invasive Gastrectomy is a feasible 
and acceptable surgical technique with short term 
advantages for partial gastrectomy whereas for 
total gastrectomy it should still be validated [17].

Laparoscopic total and partial gastrectomy in 
comparison with the open counterparts for gas-
tric cancer are associated with a longer operative 
time but lower blood loss, with shorter postopera-
tive hospital stay and faster postoperative recov-
ery. Moreover, there were similar outcomes 
between both approaches in terms of complete-
ness of the specimen and number of dissected 
lymph nodes and long-term follow-up (survival).

In Asian countries, the majority of studies (the 
KLASS studies) refer to a partial gastrectomy. 
These studies show better short-term outcomes 
for the minimally invasive approach. For total 
gastrectomy, hard evidence is lacking and out-
comes are based on retrospective databases.

In the Netherlands, two CRTs compare lapa-
roscopic and open gastrectomy: the STOMACH 
and the LOGICA trial; the STOMACH trial 
exclusively focused on total gastrectomy. The 
results of these trials will give more insight into 
evidence whether minimally invasive gastrec-
tomy is as feasible and safe when performed in 
the West as it is in the East relating to the treat-
ment of gastric cancer patients [18–22].

Concerning minimally invasive pancreatic 
surgery, it is demonstrated that for distal pancre-
atectomy it serves as the standard intervention. 
The problem involved is to standardize and dem-
onstrate that MI duodenopancreatectomy (LPD) 

is equal or better than the open procedure. 
Holding for selected patients, when operated on 
by expert laparoscopic pancreatic surgeons, LPD 
seems feasible and safe. Pragmatic and multi-
center randomized-control trials will have to 
demonstrate the superiority of minimally inva-
sive pancreatoduodenectomy (LEOPARD trial). 
Regarding this operation, it is expected that the 
robot will give this technique a new and defini-
tive impulse [23–28].

1.4	 �Consequences for Quality 
of Life

There is almost no evidence from Quality of Life 
(QoL) studies pertaining to the Upper GI 
surgery.

In the TIME trial comparing MIE and OE, 
QoL questionnaires showed that diverse compo-
nents concerning physical scores are better-
preserved postoperatively in the MIE group in 
comparison with the open group, and this favour-
able score remains 1-year postoperatively in 
favour of MIE.  This advantage can be only 
explained by the avoidance of thoracotomy and 
the post-thoracotomy syndrome. Such QoL stud-
ies should in the future be implemented in every 
RCT [16, 30].

1.5	 �Are There Oncological 
Advantages of the MIS?

All RCT comparing MIS with open colectomies 
for colorectal cancer have found no differences in 
overall and disease-free survival and recurrences 
between the two approaches with the exception 
of the Barcelona trial for stage 3 colon cancer [2, 
29]. Concerning the TIME trial, no differences in 
overall and disease free survival have been found 
between the two groups at 1 and 3 years follow-
up [30]. Moreover, it seems that CRT and meta-
analysis on partial gastrectomies have found no 
differences in quality of specimen resected and 
survival, but more evidence concerning survival 
and the quality of the specimens resected in total 
gastrectomy is necessary [18, 21, 22].
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Pointedly, concerning duodenopancreatec-
tomy and hepatic resections, studies are still 
ongoing in order to gain evidence that these mini-
mally invasive procedures are oncologically safe 
[28, 31, 32].

�Conclusion

There are potentially rather important advan-
tages to be derived from the implementation of 
MIS in Upper abdominal surgery. Many advan-
tages stem from reduced operative trauma and 
the magnificent visualization and magnifica-
tion obtained. Additionally, acquisition of new 
instruments has changed the form of dissection 
and resection. Furthermore, meta-analysis 
shows that the short-term advantages obtained 
by MIS in upper abdominal surgery are the 
same as those produced by the laparoscopic 
colorectal surgery. These concern less morbid-
ity, shorter hospital stay, faster postoperative 
recovery and better quality of life. Moreover, 
completeness of the resection and lymph nodes 
resected are similar for both procedures. The 
question remains about long-term oncological 
safety and survival. Probably, using MIS will 
by its better visualization and magnification 
and its dissection through the surgical planes, 
lead to more radical R0 interventions. Teaching 
programs designed for this complicated upper 
abdominal surgery are paramount for obtain-
ing and extending the promising advantages of 
this approach for all patients.
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Surgical Anatomy of Esophagus

Ronald L.A.W. Bleys and Teus J. Weijs

2.1	 �Introduction

The esophagus is a muscular tube of approxi-
mately 25 cm which connects the pharynx to the 
stomach and serves as a food passage. The greater 
part lies in the thorax but is has cervical and 
abdominal parts as well. Except for the vermi-
form appendix it is the narrowest part of the 
digestive tract. The esophagus is collapsed at rest 
and opens during swallowing. Its passage through 
the thorax with its subatmospheric pressure and 
the fact that it should be a highly mobile organ, 
due to its own peristalsis and respiratory move-
ments, sets requirements for its construct and 
attachments. This chapter discusses its general 
features, its construction and anchoring, its 
important topographical relationships, vascular 
and nerve supply, and lymphatics.

2.2	 �General Features

The cervical part (3–5 cm) is posterior to the tra-
chea and attached to it by loose connective tissue. 
Between it and the spine is the prevertebral layer 
of cervical fascia which is bilayered here, the 
anterior layer is named alar fascia. Therefore, 

two narrow pockets with loose connective tissue 
exist between the esophagus and the spine [1, 2]. 
These pockets continue into the mediastinum. It 
is through the loose connective tissue, which acts 
as a gliding plane, that the esophagus has free-
dom of movement against the spine. The recur-
rent laryngeal nerves ascend close to the 
esophagus and the trachea.

The thoracic part of the esophagus (18–22 cm) 
traverses the superior mediastinum and the poste-
rior mediastinum. Here it is embedded in loose 
connective tissue which allows for the movements 
which are found in the mediastinum: peristalsis of 
the esophagus, pulsations of the descending aorta 
and respiratory excursions. Among the main topo-
graphical relationships are the spine posteriorly, 
the trachea and the pericardium anteriorly and the 
descending aorta to the left.

Where the esophagus traverses the esophageal 
hiatus of the diaphragm it is connected to it by the 
phrenico-esophageal ligament. The abdominal part 
is short (1.5 cm) but of utmost importance. Increase 
of intra-abdominal pressure results in an increase 
of the pressure inside the stomach but the same 
pressure increase simultaneously compresses the 
abdominal part of the esophagus, thereby minimiz-
ing the risk of gastroesophageal reflux.

Inside the thoracic cavity the subatmospheric 
pressure keeps the elastic lungs expanded. Since 
it traverses the thorax the intraluminal pressure of 
the esophagus is lower than the pressures in the 
pharynx and the stomach. To prevent continuous 
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suction of mucus and air from the pharynx and 
reflux of acid stomach contents, sphincters keep 
both ends of the esophagus closed except during 
swallowing. The upper esophageal sphincter 
(UES) is at the transition of the pharynx to the 
esophagus and is the caudalmost part of the infe-
rior pharyngeal constrictor. This part has been 
named cricopharyngeus and can easily be distin-
guished during anatomical dissections. The lower 
esophageal sphincter (LES), however, is not a 
clear morphological entity. It is a so-called func-
tional sphincter which means that it is a part of 
the esophageal musculature which can generate a 
high pressure and can therefore have a sphinc-
teric action. It is at the level of passage of the 
esophagus through the diaphragm and continues 
to the gastro-esophageal junction [3]. Sphincteric 
action at this level is reinforced by the right crus 
of the diaphragm which encircles the esophagus 
as it traverses the diaphragm. This right crus 
works as an external sphincter, especially during 
inspiration when the intra-abdominal pressure 
increases.

2.3	 �Structure

The construction of the esophageal wall follows 
the general pattern of the tissue organization of 
the digestive tube. There are four layers, from 
outside inwards: adventitia (external fibrous 
layer), muscularis, submucosa and mucosa.

The adventitia consists of loose connective 
tissue which continues as the loose connective 
tissue elsewhere in the mediastinum. Except for 
the abdominal part there is no serous lining.

The muscularis consists of an outer longitudi-
nal layer and an inner circular layer. This paral-
lels the plan as found in more distal parts of the 
digestive tube. However, in the pharynx the 
opposite is found. An external circular layer con-
sists of the three pharyngeal constrictors while 
three levators form the inner longitudinal layer. 
As a consequence a reorganization of muscle lay-
ers takes place at the pharynx-esophagus transi-
tion. This is the region where areas of sparse 
muscle exist. Killian’s triangle is the area between 

the thyropharyngeal part of inferior constrictor 
and cricopharyngeus. Zenker’s hypopharyngeal 
diverticulum arises from here.

At the gastro-esophageal junction the longitu-
dinal and circular muscle layers continue as simi-
lar layers in the wall of the stomach. The 
longitudinal layer continues along the lesser and 
greater curvatures of the stomach especially. Here 
the longitudinal muscle layer of the stomach is 
better developed than over its anterior and poste-
rior surfaces. Inside the circular muscle layer of 
the stomach a third layer of oblique muscle fibers 
is present. These fibers form a U-shaped sling left 
to the oblique implant of the esophagus into the 
stomach and maintain the cardiac notch, or angle 
of His, between the esophagus and the greater cur-
vature. It is not certain how much this configura-
tion contributes to the resistance to reflux. Due to 
the oblique implant of the esophagus a valve-like 
flap (the flap-valve of Hill) is formed at the cardiac 
orifice, which also may help to prevent reflux.

Approximately in the upper one-third of the 
esophagus the muscularis is formed by striated 
muscle. In the middle one-third smooth muscle 
cells appear and intermingle with the striated 
muscle fibers and the lower one-third of the 
esophagus contains smooth muscle cells only.

The submucosa contains loose connective tis-
sue with elastic and collagen fibers. It contains 
blood vessels and lymphatics, all in a plexiform 
arrangement.

The mucosa is thick and consists of a non-
keratinized stratified squamous epithelium, a 
lamina propria and a muscularis mucosae. There 
is an abrupt transition into simple columnar epi-
thelium at the gastro-esophageal junction. 
Because the line of transition is jagged it is often 
referred to as the Z-line. The esophageal lumen is 
marked by longitudinal grooves and ridges at 
rest. These disappear when the lumen is dis-
tended during swallowing. Gastric mucosal folds 
at the cardiac orifice form the so-called mucosal 
rosette. This may help to form a tight seal, espe-
cially for fluid and gas.

In this and the previous sections several struc-
tures and mechanisms which help to prevent 
gastro-esophageal reflux were discussed. To 
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summarize, the following factors may contribute 
to a greater or lesser extent. (1) The LES in the 
esophageal wall, (2) the right crus of the dia-
phragm, (3) the intra-abdominal part of the 
esophagus, (4) the cardiac notch and the oblique 
muscle fibers of the stomach, (5) the flap-valve of 
Hill, (6) the mucosal rosette.

2.4	 �Anchoring

The cranial half of the esophagus is connected to 
the trachea, the pleura and the alar fascia by con-
nective tissue strands and small membranes 
which contain collagen and elastic fibers.

Recently it was described that the esopha-
gus is attached to the descending aorta by the 
aorto-esophageal ligament (Figs.  2.1 and 2.2) 
[4, 5]. From this ligament a thin extension 
courses toward the right pleural reflection, 
which is the aorto-pleural ligament. The aorto-
esophageal ligament contains blood vessels 
which run from the aorta to the esophagus. The 
posterior mediastinum is divided in two com-
partments by the aorto-esophageal and aorto-
pleural ligaments. First the peri-esophageal 
compartment, bounded anteriorly by the peri-
cardium, laterally by the pleura and posteriorly 
by the aorto-esophageal and aorto-pleural liga-
ments, containing the esophagus, trachea, 
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Fig. 2.1  Illustration of 
the aorto-esophageal 
ligament, previously 
named “meso-
esophagus”. It is a 
bilayered connective 
tissue layer with blood 
vessels coursing from the 
descending aorta to the 
esophagus. 
Abbreviations: PS 
pericardial sac, Lu right 
lung; Vp right pulmonary 
vein, Ca carina and right 
bronchus, Meso-oe 
meso-oesophagus, Az 
azygos vein, Ao aorta, Oe 
oesophagus (From [4])
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vagus nerves and carinal lymph nodes. Second 
the para-aortic compartment, containing the 
thoracic duct, azygos vein and lymph nodes.

As the esophagus traverses the diaphragm 
through the esophageal hiatus it is loosely 
attached to it by the phrenico-esophageal liga-
ment, also named phrenico-esophageal mem-
brane. This ligament wraps the gastro-esophageal 
junction like a collar and is derived from the 
endothoracic and transversalis fascias which run 
above and below the diaphragm respectively 
(Fig. 2.3). The space between the ligament and 

the esophagus is called the para-esophageal space 
and contains loose connective tissue and some 
fat. By acting as a gliding plane this tissue enables 
some movement through the hiatus during respi-
ration and swallowing. Because the ligament, as 
extensions of the endothoracic and transversalis 
fascias, also attaches to the esophagus above and 
below the diaphragm it simultaneously limits 
upward and downward movements and therefore 
stabilizes the esophageal passage through the 
diaphragm. The upper part of the ligament is the 
longest and firmest and therefore the ligament is 

a

c

b

d

Left

Posterior

Fig. 2.2  Photograph of a transverse section of the poste-
rior mediastinum between the diaphragm and tracheal 
bifurcation (a) with a magnetic resonance image of the 
same section (b), histology (c) and a schematic summary 
(d). For histology the Verhoef-Von Gieson stain was used 
(elastin stained black-blue; collagen stained light red-
pink). The black arrows indicate the aorto-esophageal 
ligament, the blue arrows indicate the aorto-pleural liga-

ment, the white arrows indicate the right and left pleural 
reflections and the red arrows indicate blood vessels. In 
the schematic drawing the green line represents the pleura, 
the yellow line represents pericardium and the black line 
the aorto-esophageal and aorto-pleural ligaments. 
Abbreviations: AV azygos vein, TD thoracic duct, V vagus 
nerve (From [5])
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especially important in limiting upward move-
ment of the esophagus during increased intra-
abdominal pressure [6]. The phrenico-esophageal 
ligament contains collagen and elastic fibers. The 
fiber contents decreases with age and therefore 
the ligament weakens in the elderly.

2.5	 �Topographical Relationships

In its course the esophagus has four constric-
tions. Two of these are caused by the sphincters 
and are found at its beginning at the pharyngo-
esophageal junction and where it traverses the 
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Fig. 2.3  (a) Schematic 
drawing of the 
gastroesophageal 
junction demonstrating 
two ways in which the 
endothoracic and 
transversalis fascias may 
contribute to the 
phrenico-esophageal 
ligament. On the right 
side the endothoracic 
fascia fuses with the 
upper leaflet of the 
transversalis fascia while 
on the left side they 
attach separately to the 
esophagus. (b). Mean 
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fascial layers of the 
phrenico-esophageal 
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demonstrated that the 
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part (From [6])
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diaphragm. The other constrictions are where 
the esophagus is crossed by the aortic arch and 
where it is crossed by left principal bronchus 
and they are close to each other. In rest the con-
strictions are not clear but they become obvious 
during swallowing when the lumen distends. 
They are of clinical importance in case of swal-
lowing corpora aliena. Radiographs taken dur-
ing swallowing clearly demonstrate these 
constrictions. In a lateral radiograph a slight 
impression in the anterior aspect of the esopha-
gus becomes visible. It is caused by the left 
atrium which lies directly anterior to the esoph-
agus with the pericardium in between.

In a previous section the main topographical 
relationships were mentioned. This section 
describes additional relationships especially 
those which are important during esophageal sur-
gery. To the right is the mediastinal pleura and 
the intervening azygos vein which crosses for-
wards over the right principal bronchus to enter 
the superior vena cava. Lower in the posterior 
mediastinum the thoracic duct runs between the 
esophagus and the azygos vein. At about the level 
of the fifth thoracic vertebra it crosses to the left 
behind the esophagus and then ascends on the 
left. Further posteriorly on the right side the 
greater splanchnic nerve can be found on its way 
to the diaphragm. Between the esophagus in front 
and the azygos vein and spine behind there is a 
long pleural recess of the right pleural cavity 
(Fig.  2.2). Below the pulmonary root the right 
vagus nerve descends along the esophagus and 
forms an esophageal plexus with its fellow from 
the other side. The vagus nerves including the 
recurrent laryngeal nerves are discussed in more 
detail in the section on innervation.

A left lateral view demonstrates the aortopul-
monary window. This is a space between the arch 
of the aorta and the pulmonary trunk. Its bound-
aries in front and behind are the ascending and 
descending aorta respectively, left is the medias-
tinal pleura and on the right the left principal 
bronchus. The aortopulmonary window contains 
the ligamentum arteriosum, lymph nodes and fat. 

The left recurrent laryngeal nerve passes through 
it, after branching from the left vagus nerve, and 
then ascends to the neck.

2.6	 �Vascular Supply

The esophagus is supplied by many arteries. 
Since the organ is not involved in absorption of 
food components all supplying arteries are rela-
tively small. Some of the arteries are shared arter-
ies, they share a blood supply with other 
structures. The shared arteries are: inferior thy-
roid arteries, bronchial arteries, left gastric artery 
and quite often (55%) the left inferior phrenic 
artery. There are four or five proper arteries as 
well, these arise from the front of the descending 
aorta between the tracheal bifurcation and the 
diaphragm and descend obliquely to the esopha-
gus in the aortopulmonary ligament which was 
described in a previous section. Inside the wall of 
the esophagus the proper and shared arteries are 
connected to each other.

The bronchial arteries deserve special men-
tion. They are relatively large and of great impor-
tance for the supply of pulmonary tissues. 
Normally there are three of them, one on the right 
side arising from the third posterior intercostal 
artery and two on the left side which arise directly 
from the aorta. This ‘normal’ configuration is 
found in only 40%. Variations are numerous. In 
25% two arteries arise from the aorta through a 
common trunk but are then distributed normally 
which means that the left lung still receives two 
arteries. In another common variation (20%) 
there are only two bronchial arteries, both arising 
from the aorta [7].

Another variation related to the blood supply 
of the esophagus is the artery of Belsey. This is an 
anastomosis between the left gastric and left infe-
rior phrenic arteries and is found at the inferior 
part of the esophagus.

Blood from the esophagus is collected into a 
submucosal venous plexus and then into a peri-
esophageal venous plexus. From the latter plexus 
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the thoracic part of the esophagus drains mainly 
into the azygos vein and to a lesser extent into the 
hemiazygos and bronchial veins. The cervical 
part drains into the inferior thyroid and vertebral 
veins. In the inferior part of the esophagus there 
are venous connections to the inferior phrenic 
veins and the left gastric vein, the latter vein con-
necting to the portal vein. Due to the low intra-
thoracic pressure the flow in the upper part of the 
left gastric vein and its esophageal tributaries is 
normally directed to the thorax.

2.7	 �Innervation

The vagus nerves are responsible for the innerva-
tion of the esophagus. Since these are mixed 
nerves, containing somatomotor and visceromo-
tor (parasympathetic) nerve fibers, they supply 
both striated and smooth muscle components of 
the esophagus as well as the mucous glands in the 
mucosa. The vagus nerves also carry sensory 
fibers which come from the esophagus. 
Esophageal blood vessels have a sympathetic 
nerve supply originating in the upper 4–6 tho-
racic spinal cord segments. Visceral afferent pain 
fibers use sympathetic routes to reach the upper 
thoracic spinal cord segments. These segments 
also receive pain fibers from the heart which 
explains that it is sometimes difficult to deter-
mine the origin of the pain.

The upper part of the esophagus is supplied 
by branches from the recurrent laryngeal 
nerves. On the right this nerve arises from the 
vagus nerve at the level of the subclavian 
artery, curves backwards and ascends behind 
this artery to the side of the trachea. On the left 
the nerve arises at the level of the aortic arch, 
passes through the aortopulmonary window 
and also ascends to the side of the trachea. 
While they ascend each recurrent laryngeal 
nerve gives off 8–14 branches to the trachea 
and the esophagus [8]. The ascending parts are 
embedded in connective tissue around the tra-
chea and the esophagus. When these nerves 

approach the larynx they are near the groove 
between the trachea and the esophagus. 
However, they only tend to lie in this groove 
just below the entrance into the larynx. Lower, 
for example 4 cm below the entrance into the 
larynx, there is a wide variability in position. 
They may be next to the trachea, next to the 
esophagus or close to the groove [9]. In its 
course to the larynx the nerve is crossed by the 
inferior thyroid artery which may pass anterior 
or posterior to the nerve, or even may have 
branches on both sides of the nerve.

At the level of the bifurcation of the trachea 
and the principal bronchi the vagus nerves 
form anterior and posterior pulmonary plex-
uses [10]. Through these nerves many lung 
functions are controlled, such as the cough 
reflex, mucus production and bronchus diame-
ter [11]. The right anterior pulmonary plexus is 
located just above the right pulmonary artery. 
It is supplied by a median of three vagus nerve 
branches that arise from the right vagus nerve 
on its course next to the trachea, containing a 
small proportion (23%) of the right lung sup-
ply. The right posterior pulmonary plexus is 
located dorsal to the right main bronchus and 
consists of a median of 13 branches which 
sequentially arise from the right vagus nerve 
starting at the level of the superior edge of the 
main right bronchus (Fig.  2.4). This plexus 
contains most of the right lung supply (77%). 
The left anterior pulmonary plexus is located 
anterosuperior to the left pulmonary artery and 
is formed by a median of three vagus nerve 
branches which arise from the vagus nerve as it 
crosses the aortic arch. As on the right side this 
plexus has the smallest contribution to the total 
left lung supply (26%). The large left posterior 
pulmonary plexus is located dorsal to the left 
pulmonary artery and left main bronchus, con-
taining 74% of the left lung supply. It consists 
of a median of 12 branches which sequentially 
arise from the vagus nerve starting at the supe-
rior edge of the left pulmonary artery (Fig. 2.4). 
Both posterior pulmonary plexuses are 
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organized segmentally, the most superior 
branches innervate the superior and middle 
lung lobes, and the most inferior innervate the 
inferior lung lobes.

Caudal to the principal bronchi the vagus 
nerves form a plexus around the lower part of the 
esophagus. From here the abdomen is reached as 
anterior and posterior vagal trunks through the 
esophageal hiatus of the diaphragm.

2.8	 �Lymphatic Drainage

The esophageal submucosa contains a network 
of predominantly longitudinally orientated 
lymph channels. In general the flow in these 
vessels is diverted from the tracheal bifurca-

tion. Lymph is collected by deep cervical, 
mediastinal and left gastric (and from there to 
coeliac) lymph nodes. The variation in the 
number of lymph nodes is large, for example 
the number of mediastinal lymph nodes ranges 
from 11 up to 54 lymph nodes [12]. The medi-
astinal lymph nodes are generally grouped 
using the lymph node map develop by the 
International Association for the Study of Lung 
Cancer (Fig.  2.5) [13, 14]. Abdominal lymph 
nodes are classified using the lymph node map 
developed by the Japanese society for gastric 
cancer (Fig.  2.6) [15]. Due to the network of 
longitudinally orientated lymph channels 
lymph node metastasis can occur far from the 
primary tumor and the sentinel node concept 
does not apply to esophageal cancer [16].
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Fig. 2.4  Schematic drawings of the right posterior (a) 
and left posterior (b) pulmonary vagus nerve plexuses as 
encountered during transthoracic esophagectomy from a 
right lateral approach, including a corresponding photo-
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2.9	 �Concluding Remarks

The function and course of the esophagus set 
requirements for its construction and attach-
ments. Several sphincters, namely the UES, the 
LES and the right crus of the diaphragm, keep 
both ends of the esophagus closed, except during 
swallowing. The esophagus is embedded in loose 
connective tissue which allows much freedom of 
movement. It is attached to the environment by 
fibro-elastic structures, such as the phrenico-
esophageal ligament and by the recently discov-
ered aorto-esophageal ligament. Among the most 
important topographical relationships are the aor-
topulmonary window, the azygos vein, the tho-
racic duct and the recurrent laryngeal nerves. The 
arterial blood supply is diffuse and consists of 
shared and proper arteries. Likewise, several ves-
sels are involved in the venous drainage and there 
is a diffuse lymphatic drainage. The nerve supply 
is by the vagus nerves which, after contributing 
to the pulmonary plexuses, form an esophageal 
plexus from where two vagal trunks reach the 
abdomen.
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Endoscopic Treatment of Early 
Esophageal Cancer

Roos E. Pouw and Bas L.A.M. Weusten

3.1	 �Introduction

Esophageal cancer limited to the mucosa and 
low-risk submucosal adenocarcinoma, are asso-
ciated with a low risk of lymph node and distant 
metastasis. For these early esophageal cancers, 
endoscopic treatment has evolved as a minimally 
invasive and organ preserving alternative to sur-
gery. One of the largest series of 963 patients 
treated endoscopically for early esophageal ade-
nocarcinoma demonstrated a long-term complete 
remission rate of 94%, with only two Barrett’s 
cancer related deaths [1]. Endoscopic resection is 
also well-established for patients with early squa-
mous cell neoplasia of the esophagus, with cause-
specific 5-year survival rates exceeding 85% [2]. 
Endoscopic resection (ER) is the cornerstone of 

endoscopic therapy. ER not only has a therapeu-
tic goal, by removing neoplastic lesions, it also 
has important diagnostic value since it provides a 
substantial tissue specimen enabling accurate 
histological staging. Whereas surgical resection 
allows for removal of the affected organ and 
lymphadenectomy, ER is limited to local removal 
of neoplasia. Selection of patients suited for cura-
tive endoscopic therapy is therefore of the utmost 
importance and is aimed at identifying patients 
with a minimal risk of lymph node metastases. 
For this, accurate histological assessment of infil-
tration depth, grade of differentiation, presence 
of lymphovascular invasion and radicality of the 
resection at the deep resection margins in an 
ER-specimen are crucial.

ER was pioneered in Japan, where it is still 
mainly applied in the treatment of early gastric 
cancer and early squamous neoplasia of the 
esophagus [3]. During the last decades, endo-
scopic treatment has also been accepted as the 
treatment of choice in most Western countries, 
where it is mainly used in the management of 
patients with early neoplasia arising against a 
background of Barrett’s esophagus [1, 4].

In patients with Barrett’s neoplasia treated by 
ER, the residual Barrett’s mucosa is still at risk 
for metachronous lesions, which are found in up 
to 30% of patients during 5-year follow-up [4]. 
Therefore, additional treatment of residual 
Barrett’s mucosa after focal ER of neoplasia is 
advisable. For this, different approaches are 
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available, of which thermal ablation using radio-
frequency ablation (RFA) is currently most 
widely used [5, 6].

In this book chapter we will give an over-
view of the indications and principles of endo-
scopic treatment, different techniques that are 
available for endoscopic resection, manage-
ment of the patient after focal removal of early 
cancer, and future perspectives on the place of 
endoscopic treatment for early esophageal can-
cer (Video 3.1).

3.2	 �Indications for Endoscopic 
Treatment

3.2.1	 �Adenocarcinoma Arising 
in Barrett’s Esophagus

Based on multiple high quality, international 
studies on ER for high-grade dysplasia (HGD) 
and mucosal adenocarcinoma (T1a), there is 
solid evidence that ER for mucosal adenocarci-
noma is safe and associated with a minimal risk 
of lymph node metastasis [1, 4]. Therefore, ER 
has become first choice treatment for this indica-
tion in most countries [7].

Traditionally, the risk of lymph node metasta-
sis in submucosal adenocarcinoma (T1b) was 
considered too high to offer these patients endo-
scopic follow-up after radical ER. However, this 
risk of lymph node metastases was mainly based 
on historical surgical series, from a period when 
exact depth of infiltration was of little clinical rel-
evance for patient management [8]. Surgical 
specimens are generally cut in 5 mm slices; con-
sequently, the area with the deepest tumour infil-
tration may have been missed, resulting in 
underestimation of the infiltration depth corre-
lated with lymph node metastases if present. 
Endoscopic resection specimens are smaller and 
cut in 2  mm slices, resulting in more accurate 
assessment of tumour infiltration depth. Based on 
more recent studies in endoscopically treated 
patients, the risk of lymph node metastasis asso-
ciated with submucosal cancer appears to be 
lower than generally assumed [9–13]. For low-
risk submucosal adenocarcinoma, defined as 

radically resected submucosal adenocarcinoma 
limited to the upper 500 μm of the submucosa 
(T1sm1), well to moderately differentiated, with-
out lymphovascular invasion, the risk of lymph 
node metastasis appears to be <2% [9, 10]. This 
is lower than the 0–4% mortality risk of esopha-
gectomy in expert centres and low-risk submuco-
sal cancer is therefore considered a relative 
indication for endoscopic treatment [9, 10].

For patients with T1sm1 adenocarcinoma but 
other high risk histological features (poor differ-
entiation, lymphovascular invasion), or deeper 
submucosal adenocarcinoma (>500  μm, 
T1sm2-sm3), the exact risk of lymph node metas-
tasis is unknown, but still considered too high to 
justify endoscopic therapy. However, a number 
of recent studies assessing infiltration depth in 
ER-specimens, suggest a risk of lymph node 
metastasis of 16–30% in patients with T1sm2-sm3 
adenocarcinoma [11–13]. The gold standard in 
patients with T1sm2-sm3 adenocarcinoma is still 
surgical treatment, although based on these num-
bers >70% of these patients will undergo unnec-
essary esophagectomy. In the future better risk 
stratification of these patients taking other risk 
factors for metastatic disease such as differentia-
tion and lymphovascular invasion into account 
may possibly result in a more tailored approach, 
only referring high-risk patients for surgery.

In Barrett’s esophagus the Paris classification 
is used to describe the morphological appearance 
of a lesion, which is related to infiltration depth 
of a lesion. Protruded lesions (Paris type 0-Is or 
0-Ip) are defined as being higher than a closed 
biopsy forceps (2.5 mm), slightly elevated lesions 
(Paris type 0-IIa) are less high than a closed 
biopsy forceps and slightly depressed lesions 
(Paris type 0-IIc) are less deep than one cup of an 
open biopsy forceps [14]. In a study evaluating 
the relation between macroscopic appearance 
and infiltration depth, protruded lesions and 
slightly depressed lesions significantly more 
often infiltrated the submucosa (25–26%), than 
slightly elevated lesions (9%), or completely flat 
(Paris type 0-IIb) lesions (0%). None of the Paris 
type 0-I or type 0-II lesions are associated with a 
very high risk of submucosal invasion and 
diagnostic ER therefore appears indicated and 
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safe for these lesions [15]. No good data are 
available on rate of submucosal invasion in type 
0-III lesions, probably since the ulceration pres-
ent in these lesions prohibits safe and radical ER 
of these lesions.

3.2.2	 �Early Squamous Cell Cancer 
of the Esophagus

Squamous cell cancer invades deeper and 
spreads to lymph nodes at an earlier stage when 
compared to esophageal adenocarcinoma, per-
haps due to infiltration via the submucosal glan-
dular structures, which are lined with squamous 
epithelium [16]. The indication for endoscopic 
treatment in patients with early squamous cell 
neoplasia is therefore more limited compared to 
early adenocarcinoma. Patients with high-grade 
intraepithelial neoplasia (HGIN) have no risk of 
lymph node metastasis and in case of cancer 
limited to the lamina propria (T1m1/m2) the 
risk of lymph node metastasis is minimal 
(0–5%) [16, 17]. These patients are candidates 
for curative endoscopic treatment. The risk of 
lymph node metastasis for squamous cell cancer 
invading the muscularis mucosae (T1m3) is 
about 0–12%, and in case of invasion into the 
superficial submucosa (T1sm1, <200  μm) the 
risk is about 20% [17]. For patients with T1m3/
sm1 disease, endoscopic treatment may be con-
sidered if the patient suffers from significant 
comorbidity. Deeper submucosal invasion 
(T1sm2/3) is associated with >50% risk of 
lymph node metastasis and therefore warrants 
more aggressive therapy such as surgery or 
chemoradiation [17].

Just as in early esophageal adenocarcinoma, 
the macroscopic appearance of squamous cell 
neoplasia is described using the Paris classifica-
tion, although lesion types are defined using dif-
ferent cut-off levels for elevation and depression. 
Macroscopic appearance can be used in deciding 
if a lesion is suited for ER.  Excavated lesions 
(Paris type 0-III, deeper than half the cup of an 
open biopsy forceps) and more protruding 
lesions (Paris type 0-I, higher than the cup of an 
open biopsy forceps) are associated with deep 

submucosal invasion in >80% and should not be 
targeted for endoscopic resection. True flat type 
lesions (Paris type 0-IIb) are limited to the lam-
ina propria in about 69% of cases, slightly 
depressed lesions (Paris type 0-IIc) in about 39% 
of cases and slightly elevated lesions (Paris type 
0-IIa) are limited to the lamina propria in only 
20% of cases [14]. Diagnostic endoscopic resec-
tion can therefore be considered for flat type 
squamous cell neoplasia.

3.3  �Endoscopic Treatment 
Algorithm

After endoscopic detection of an early neoplastic 
lesion in the esophagus, endoscopic assessment 
of the morphological appearance of a lesion 
should guide the decision if ER is feasible, as 
described above. Biopsies can be obtained to 
confirm the diagnosis of cancer, but biopsies are 
not required, since the finding of a macroscopic 
abnormality warrants diagnostic ER to obtain a 
definite histological diagnosis. Additional imag-
ing and staging with endoscopic ultrasound 
(EUS), CAT or PET scan prior to ER is generally 
not very useful during work-up for early esopha-
geal neoplasia. EUS is not reliable in the differ-
entiation between T1a and T1b cancers, and even 
discriminating T1 from T2 lesions may be chal-
lenging. And given the very low risk of lymph 
node and distant metastasis associated with early 
esophageal neoplasia, the yield of finding these 
with CAT or PET scanning is very low. The most 
important step during work-up of early esopha-
geal neoplasia is therefore diagnostic ER, which 
provides a large tissue specimen, enabling accu-
rate histological assessment of risk factors asso-
ciated with lymph node metastasis. If there are no 
risk factors, the patient can be managed further 
endoscopically. If a patient is at high risk for 
lymph node metastasis based on the outcome of 
the diagnostic ER, additional staging can still be 
performed to decide on optimal further treatment. 
Optimal management for high-risk patients 
should be discussed during a multidisciplinary 
team meeting, including a gastroenterologist, 
surgeon and an oncologist.
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After focal ER of early neoplasia arising in 
Barrett’s esophagus, the residual Barrett’s mucosa 
is at risk for recurrence [4]. Therefore additional 
treatment of the residual Barrett’s mucosa is 
advisable. This can be done by complete ER of 
the residual Barrett’s segment during subsequent 
ER sessions. This approach has been proven 
effective in patients with Barrett’s esophagus lim-
ited to 5 cm in length, however, complete radical 
ER is associated with a high risk of esophageal 
stenosis of up to 80% [18]. Thermal ablation of 
the Barrett’s mucosa is an alternative method to 
eradicate all mucosa at risk. Radiofrequency abla-
tion (RFA) is the most extensively studied tech-
nique for this purpose [5, 6, 18].

Despite promising results of radiofrequency 
ablation (RFA) for true flat early squamous cell 
neoplasia (MGIN or HGIN) [19], no long-term 
follow-up data on this approach are available so 
far, and RFA is therefore not routinely used for 
this indication. Endoscopic management after 
focal removal of squamous cell neoplasia mainly 
consists of endoscopic follow-up at regular inter-
vals to detect recurrences at an early stage.

3.4	 �Principles of Endoscopic 
Resection

3.4.1	 �Delineation and Marking 
of the Target Lesion

To ensure radical ER of a suspicious lesion with a 
disease free margin, it is important to delineate 
the extent of a lesion prior to ER. Advanced imag-
ing techniques, such as virtual chromoendoscopy 
(e.g. narrow-band imaging, blue-laser imaging), 
zoom-endoscopy and chromoendoscopy (e.g. 
Lugol staining in case of early squamous neopla-
sia), may be helpful to assess the extent of a 
lesion. Since the endoscopic view during ER is 
often impaired by the use of distal attachment 
caps, submucosal lifting and bleeding, the target 
lesion is delineated by placing coagulation mark-
ings around its lateral margins. Especially for 
lesions that require piecemeal resection, demarca-
tion with markings may be useful to achieve com-
plete resection with a tumour free margin.

3.4.2	 �En-Bloc Resection Vs. 
Piecemeal Endoscopic 
Resection

Most conventional cap-based ER techniques 
allow for en-bloc resection of lesions with a 
maximum diameter of 2  cm. Larger lesions 
require resection in multiple pieces during a 
so-called “piecemeal” procedure. Piecemeal 
resections are technically more demanding, 
time-consuming and have a higher risk of com-
plications. Piecemeal resection is also associ-
ated with a higher risk of local recurrence of 
neoplasia. However, this may be less relevant 
in patients with early neoplasia arising in 
Barrett’s esophagus, since the majority of these 
patients will undergo additional thermal abla-
tion of their Barrett’s esophagus, minimizing 
risk of local recurrence [5, 6]. Piecemeal resec-
tions result in multiple resection specimens 
that cannot be easily pieced together and there-
fore histological evaluation of the radicality of 
a resection at the lateral resection margins is 
usually not reliable. Marking the lesion prior to 
ER and careful endoscopic assessment of the 
radicality of the resection after ER is therefore 
pivotal.

3.4.3	 �Endoscopic Resection 
Techniques

3.4.3.1	 �Lift-Suck-Cut Technique
Inoue et al. first described a cap-based ER tech-
nique, using a transparent distal attachment cap 
[3]. For this technique a transparent ER-cap with 
a distal rim is placed on the tip of an endoscope. 
The target lesion is lifted from the deeper esopha-
geal wall layers by submucosal injection of 
saline. A crescent shaped snare is prelooped in 
the distal rim of the cap. After suctioning the 
lifted mucosa into the cap, the snare is closed and 
the captured mucosa can then be resected using 
electrocautery. ER-cap resections can be per-
formed using a standard gastroscope and one 
assistant is needed to aid with the submucosal 
lifting and handling of the snare. A drawback of 
the ER-cap technique is that it is a technically 
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demanding and time consuming procedure, espe-
cially when used for piecemeal resections. 
Prelooping the snare in the distal rim of the cap 
can be challenging, and for piecemeal resections 
submucosal lifting needs to be repeated for every 
resection.

3.4.3.2	 �Ligate-and-Cut Technique
The currently most widely used cap-based ER 
technique in the esophagus is the ligate-and-cut 
technique (Fig. 3.1). This technique is an easier 
alternative to the lift-suck-cut technique. For 
the ligate-and-cut technique a distal attachment 
cap, holding one or more rubber bands, is 
attached to the tip of the endoscope. The target 
lesion is sucked into the cap and by releasing a 

rubber band the mucosa is captured. This 
pseudo-polyp can then be resected with a snare. 
The ligate-and-cut technique can be performed 
using the multi-band mucosectomy device 
(Duette®, Wilson Cook, Limerick, Ireland), 
which has a transparent cap that holds six rub-
ber bands and allows for passage of a snare 
through the accessory channel of the cranking 
device alongside the releasing wires, allowing 
resection after ligation without having to 
remove the endoscope [20]. The more recently 
developed Captivator™ Endoscopic Mucosal 
Resection Device (Boston Scientific Endoscopy, 
Marlborough, MA, USA) is a comparable 
device allowing ligate-and-cut ER.  An advan-
tage of the ligate-and-cut technique over the 

a b

c d

Fig. 3.1  Endoscopic resection of an early cancer in a 
Barrett’s segment using the multiband mucosectomy tech-
nique. (a) Endoscopic view on a Paris type 0-Ia-IIb lesion. 
(b) The lateral margins of the lesion are marked using 
electrocoagulation markings. (c) View through the cap of 
the Duette multiband mucosectomy device holding the 

rubber bands. In the esophagus a pseudopolyp is created 
by suctioning the mucosa into the cap and releasing a rub-
ber band. This pseudopolyp can subsequently be resected 
using an electrocautery snare. (d) View on the resected 
area, which shows that all markings have been removed, 
resulting in an endoscopically radical resection
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lift-suck-cut technique is that no submucosal 
lifting is required, since the rubber bands are 
not strong enough to hold in the deeper esopha-
geal wall layers. This makes the ligate-and-cut 
technique easier and quicker to apply, espe-
cially when used for piecemeal procedures 
[20]. Despite the lack of submucosal lifting, the 
ligate-and-suck technique does not appear to be 
associated with a higher risk of complications 
as has been demonstrated in a randomized 
study comparing both techniques [20], and in a 
prospective registration of 1060 resections per-
formed with the multiband mucosectomy 
device [21].

3.4.3.3	 �Endoscopic Submucosal 
Dissection

Endoscopic submucosal dissection (ESD) is a 
technique that overcomes the problem of piece-
meal ER for larger neoplastic lesions, and allows 
for a better-targeted resection of a lesion 
(Fig.  3.2). The concept of ESD is to incise the 
mucosa around a lesion, regardless how large, 
and then remove the lesion by visual submucosal 
dissection using an electrosurgical knife instead 
of blind snaring using a snare [22].

After careful delineation of a lesion and place-
ment of coagulation markers around the margins 
of the lesion, the margins of the lesion are lifted 

a b c
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Fig. 3.2  Endoscopic submucosal dissection (ESD) of an 
early squamous cell cancer. (a) Widespread, circumferen-
tial early squamous cell cancer. (b) Delineation of the 
most proximal extent of the lesion using electrocoagula-
tion markings. (c) Delineation of the most distal extent of 

the lesion. (d) Submucosal lifting of the mucosa. (e) 
Circumferential incision of the proximal delineation mar-
gin. (f) Submucosal dissection using a dual-knife. (g–i) 
Result after extensive circumferential ESD
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by submucosal injection of fluid. Using an elec-
trosurgical knife, the incision line can then be 
incised circumferentially around the lesion, while 
constantly repeating submucosal lifting to ensure 
a safe submucosal fluid cushion. When the inci-
sion around the lesion has been completed, the 
submucosa underneath the lesion can be dis-
sected under constant visualisation, until the tar-
get lesion is removed in one piece. A range of 
different electrosurgical knifes are available for 
ESD.

Although ESD allows for en-bloc resection of 
neoplasia, it is technically demanding, time con-
suming and has a higher risk of complications. 
Therefore, ESD should only be applied in 
selected cases by experienced endoscopists with 
adequate training.

3.4.4	 �Histological Evaluation of ER 
Specimens

Endoscopic resection specimens are pinned down 
on cork or paraffin before fixating them in forma-
lin. After fixation, specimens are routinely cut in 
2 mm slices and embedded in paraffin. The tissue 
blocks are then sectioned, put on glass slides and 
stained with haematoxylin and eosin. In case of 
cancer, the pathologist will assess the following 
criteria:

	1.	 Tissue type (squamous, columnar).
	2.	 Presence of dysplasia or cancer, and in case of 

dysplasia the degree of dysplasia according to 
the Vienna classification [23].

	3.	 In case of invasive cancer, infiltration depth 
should be described as follows: infiltration 
into the lamina propria (T1m2); infiltration 
into the muscularis mucosae (T1m3); infiltra-
tion into the submucosa measured in microns. 
In surgical resection specimens, the submu-
cosa is pragmatically divided into three equal 
parts (T1sm1 to T1sm3). However, ER speci-
mens do not contain the whole thickness of 
the original submucosal layer. Therefore, the 
following cut-off levels are defined to describe 
depth of submucosal invasion in ER speci-
mens: adenocarcinoma limited to the upper 

500  μm of the submucosa is considered 
T1sm1, cancer infiltrating deeper than 500 μm 
is referred to as T1sm2/3; in squamous cancer 
the cut-off between T1sm1 and T1sm2/3 infil-
tration is 200 μm [14].

	4.	 Grade of differentiation (well, moderate, poor, 
undifferentiated).

	5.	 Presence of lymphovascular invasion.
	6.	 Radicality at the deep (vertical) resection 

margin.
	7.	 In case of en-bloc resection: worst histology 

at the lateral resection margins.

3.5	 �Endoscopic Ablation 
Techniques

3.5.1	 �Radiofrequency Ablation

Radiofrequency ablation (RFA) is the most 
widely studied thermal ablation method for 
Barrett’s esophagus (Fig. 3.3). RFA has demon-
strated to result in complete eradication of intes-
tinal metaplasia (89–92%) and neoplasia 
(95–96%), with or without prior ER of focal neo-
plastic lesions, with sustained complete remis-
sion of neoplasia and intestinal metaplasia in 
90% of patients at 5 years [4, 5].

RFA is performed using a catheter with a 
bipolar electrode. Two main types of devices 
exist for RFA: a balloon-based ablation system 
(Barrx360, Medtronic, Minneapolis, MN, 
USA), which is inserted over a guide-wire and 
followed by the endoscope in a side-to-side 
manner. This system allows for circumferential 
ablation of Barrett’s mucosa, but requires a pre-
liminary step of measurement of the esophageal 
inner diameter using a sizing balloon. A newly 
designed self-sizing RFA catheter (Barrx 360 
Express, Medtronic, Minneapolis, MN, USA) 
has been developed in order to perform circum-
ferential ablation without the need of the sizing 
step. For circumferential ablation using the bal-
loon-based systems, the electrode is positioned 
1 cm above the proximal extent of the Barrett’s 
mucosa. After inflation of the balloon, radiofre-
quency ablation is activated via a foot-pedal. 
One ablation results in a circumferentially 
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treated area of 3–4  cm. By repositioning the 
ablation catheter in the esophagus, multiple 
ablations can be performed to treat the whole 
length of residual Barrett’s mucosa.

The second type of ablation system is a focal 
ablation catheter, attached to the tip of the endo-
scope, and designed to ablate tongues or islands 
of BE. Various sizes of focal RFA devices exist, 
but the Barrx90, allowing for a 90° ablation is the 
most commonly used. Depending on the length 
of the Barrett’s segment, patients are generally 
treated once with a circumferential RFA device 
followed by a median of two focal ablation ses-
sions [4, 5].

3.5.2	 �Argon Plasma Coagulation

Argon plasma coagulation (APC) uses ionization 
of a jet of argon gas that is sprayed through a 
probe that is passed into the esophagus via the 
endoscope. The advantages of argon plasma 
coagulation (APC) are its easy availability and 
low costs. Disadvantages are that it is very 
operator-dependent, time-consuming and labour 
intensive approach, especially when used for 
treatment of a large surface of Barrett’s mucosa. 
Therefore, APC is mainly used to ablate small 
islands or tongues of Barrett’s mucosa. Recently, 
a modified APC probe called Hybrid APC (Erbe 
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Fig. 3.3  Radiofrequency 
ablation (RFA) of a long 
segment Barrett’s 
esophagus with 
high-grade dysplasia.  
(a) Long segment 
Barrett’s esophagus.  
(b) Circumferential RFA 
with the balloon-based 
catheter results in 
thermal ablation of the 
Barrett’s tissue. (c) After 
3 months the esophagus 
has healed with 
neosquamous 
epithelium, and only a 
few small residual 
islands of Barrett 
mucosa remain.  
(d) Focal RFA of 
residual Barrett’s 
mucosa using the 
cap-based electrode 
fitted on the tip of the 
endoscope. (e, f) Three 
months after focal RFA, 
the esophagus is 
completely lined with 
normal appearing 
neosquamous mucosa
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Elektromedizin, Tübingen, Germany) was intro-
duced. This APC probe has a water-jet channel 
integrated into the probe, which allows for injec-
tion of saline into the submucosal space. By lift-
ing the submucosa prior to thermal ablation, 
higher energy settings can be used, possibly 
increasing efficacy, while improving safety [24].

3.5.3	 �Photodynamic Therapy

Photodynamic therapy (PDT) is an endoscopic 
ablation technique that was applied to ablate 
Barrett’s mucosa with dysplasia in the past. PDT 
uses intra-venous administration of a photosensi-
tizing drug that accumulates in the target tissue. 
Subsequent application of light (usually laser 
light) of an appropriate wavelength and the pres-
ence of oxygen results in a photodynamic reac-
tion, which generates oxygen radicals causing 
delayed cell death, which usually becomes appar-
ent after 12–24 h. However, due to disappointing 
efficacy results, high stricture rate and side-
effects such as photosensitivity, PDT has become 
abundant, since better ablative alternatives are 
available nowadays.

3.5.4	 �Cryoablation

Cryoablation using either application of com-
pressed CO2 gas via a cryospray catheter, or 
application via a balloon-based system, uses 
application of liquid nitrous oxide to freeze the 
esophageal mucosa. Deep freezing and slow 
thawing of the target area causes disruption of 
cells, vascular ischemia, and thrombosis, result-
ing in necrosis of the superficial esophageal lay-
ers. In contrast to heat-based ablation, 
cryoablation leaves the tissue architecture intact, 
and may result in less stricture formation. The 
balloon-based cryoablation device (C2 
Therapeutics, Redwood City, California, USA) 
has recently proved feasible and safe in a pro-
spective multicentre study in patients with 
Barrett’s esophagus [25].

Currently available data on hybrid-APC abla-
tion and balloon-based cryoablation are still pre-

liminary. Larger, multicentre studies will be 
required to define the place of these ablation 
techniques in the future management of patients 
with esophageal neoplasia.

3.6	 �Quality of Life

Endoscopic therapy is less invasive than surgery, 
but little is known about how this organ preserv-
ing approach influences quality of life. One study 
prospectively evaluated the effect of endoscopic 
treatment for early Barrett’s neoplasia on quality 
of life and fear of cancer (recurrence) and com-
pared this with the effect of Barrett’s surveillance 
and surgery for early Barrett’s neoplasia and sur-
gery for advanced esophageal adenocarcinoma 
[26]. The endoscopic treatment group reported 
significantly better physical and mental quality of 
life, and less esophageal cancer related symp-
toms compared to both surgical groups, as might 
be expected. However, the endoscopic treatment 
group reported significant more worry for cancer 
recurrence compared to the early surgical group. 
In fact, endoscopically treated patients worried 
about cancer and recurrence as much as patients 
treated surgically for advanced esophageal can-
cer. Further studies in this field are necessary to 
improve quality of life and counselling of patients 
undergoing endoscopic treatment.

3.7	 �Future Prospects 
of Endoscopic Therapy 
for Early Esophageal Cancer

The past decades the indication for endoscopic 
treatment has extended from high-grade dysplasia 
to mucosal cancer and even low-risk submucosal 
cancer. Small retrospective studies have shown that 
the risk of lymph node metastasis in deeper submu-
cosal cancer may be <30%, implying that the 
majority of these patients will undergo unnecessary 
additional esophagectomy. Diligent prospective 
studies on endoscopic treatment in patients with 
submucosal cancer will hopefully result in better 
understanding of the true risk of lymph node 
metastasis associated with submucosal cancer. 
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Risk stratification based on submucosal infiltration 
depth and other tumour characteristics may be of 
future use to select patients who would benefit 
from adjuvant surgery, and who can safely be kept 
under endoscopic surveillance.

Another development that may improve man-
agement of patients with submucosal cancer is 
use of a sentinel node procedure. Interesting stud-
ies in this field are currently being performed.

ESD will be performed more frequently, when 
the indication for endoscopic treatment is 
extended to more high-risk early esophageal can-
cers, where en-bloc resection should be aimed at. 
ESD is still technically demanding and should be 
performed by well-trained and experienced 
endoscopists. In the future, novel developments 
may facilitate ESD procedures.

Endoscopic management should be central-
ized in expert centres. Although ER and ablation 
benefit from technological developments, mak-
ing the techniques easier to apply, these are just 
part of the overall endoscopic management of 
patients. The most important step is selecting the 
right patients for endoscopic management, start-
ing with experience in detecting and delineating 
early esophageal neoplasia. After ER, also ade-
quate histological evaluation of ER specimens is 
required to allow for adequate selection of low-
risk patients. Furthermore, patient management 
should be discussed in a multidisciplinary team 
meeting, including gastroenterologists, surgeons 
and oncologists. Therefore, endoscopic manage-
ment should be centralized in centres with multi-
disciplinary expertise in this field.
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4.1	 �Introduction

The incidence of adenocarcinoma of the esopha-
gus and gastroesophageal (GE) junction has 
increased rapidly in Western countries, while 
numbers of squamous cell carcinoma (SCC) have 
gradually declined. For locally advanced esopha-
geal cancer, surgery remains the mainstay of 
treatment. However, esophagectomy is histori-
cally associated with relatively high rates of 
irradical resection margins and high numbers of 
patients presenting with recurrent disease within 
2 years after surgery. Therefore, the last decades 
several multimodality treatment regimens have 
been developed. Numerous studies evaluated the 
value of neoadjuvant as well as adjuvant strate-
gies, especially chemotherapy and chemoradia-
tion. In most countries advanced esophageal 
cancers are treated nowadays by neoadjuvant 
multimodality treatment regimens. It is thought 
that neoadjuvant chemotherapy and neoadjuvant 
chemoradiation eliminate micrometastases and 

induce locoregional tumor regression which 
leads to a higher rate of radical esophagectomies 
due to a reduction in the number of R1 and R2 
resections (downstaging). However, its value has 
been debated for several decades. Up to a few 
years ago, the majority of the studies did not 
show any statistically significant benefit for neo-
adjuvant therapy, but these studies were fre-
quently criticized because of inadequate trial 
design, limited statistical power (small sample 
size), and poor outcomes in the surgery alone 
group. However, in recent years, many different 
neoadjuvant regimens have been developed and 
tested. Historically, in the United Kingdom neo-
adjuvant chemotherapy was advocated while in 
Continental Europa and the USA neoadjuvant 
CRT was the preferred treatment. Ultimately the 
question which modality is superior will hope-
fully be answered by the Neo-AEGIS study, 
which compares perioperative chemotherapy 
(MAGIC) with neoadjuvant chemoradiation 
(CROSS). This trial design is discussed later on. 
The present chapter focuses on the different neo-
adjuvant treatment regimens.

4.2	 �Neoadjuvant Chemotherapy

Studies in the 80s and 90s of the previous century 
revealed that patients with esophageal cancer 
who underwent surgical resection with curative 
intent had a dismal prognosis, with a 2-year 
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survival rate of only 20–30%. Factors that con-
tributed to these poor outcomes were the pres-
ence of locally advanced disease reflected by a 
high number of irradical resections and (distant) 
micrometastases at the time of surgery, which 
could not be detected with the available imaging 
techniques. To increase survival rates after esoph-
agectomy, there was interest in the combination 
of chemotherapy and surgical treatment.

Multiple randomized trials have evaluated the 
benefit of chemotherapy administered prior to 
resection in patients with esophageal cancer. For 
example, the European EORTC 40954 trial in 
which 144 patients with adenocarcinoma of the 
stomach or GE-junction were randomized to neo-
adjuvant chemotherapy (5-FU, leucovorin, cispl-
atin) followed by surgery or surgery alone [1]. 
This trial was stopped for poor accrual, which 
limited the power of the study. A significantly 
increased R0 resection rate was found for patients 
treated with chemotherapy, however this did not 
translate into a survival benefit. Other studies 
such as the OEO2 trial demonstrated a survival 
benefit compared with resection alone. The 
OEO2 trial, in which patients (SCC or adenocar-
cinoma of the esophagus or GE-junction) were 
randomized to preoperative chemotherapy (cis-
platin and fluorouracil) followed by surgery or 
surgery alone, revealed a survival benefit (HR 
0.79, p 0.004) in combination with increased R0 
resection rates (60% vs. 54%) [2]. In addition, a 
30-day mortality of 10% was observed in both 
treatment groups. Long-term follow-up revealed 
a modest improvement in 5-year survival (36% 
vs. 23%, p = 0.03) [3]. These results can explain 
why neoadjuvant chemotherapy became standard 
of care for esophageal cancer in the United 
Kingdom. For squamous cell carcinoma of the 
esophagus a Dutch trial randomized patients for 
preoperative chemotherapy (cisplatin and etopo-
side) followed by surgery or surgery alone [4]. 
The 5-year survival was significantly improved 
after chemotherapy (26% vs. 17%). On the other 
hand, the USA intergroup 113 trial, which ran-
domly assigned patients with SCC and adenocar-
cinoma to preoperative chemotherapy (cisplatin 
and fluorouracil) and surgery or surgery alone, 
failed to show a survival benefit for patients 

treated with preoperative chemotherapy [5]. They 
reported a 2-year survival rate of 35% for patients 
who received chemotherapy and 37% for those 
who underwent surgery alone. Postoperative 
mortality was 6% in both treatment groups. Long 
term results showed no difference in overall sur-
vival for patients receiving preoperative chemo-
therapy compared with surgery alone [6]. These 
results can explain why neoadjuvant chemother-
apy did not become standard of care for esopha-
geal cancer in the USA.  The difference in 
outcome between the OEO2 trial and the USA 
intergroup 113 trial is difficult to explain as 
almost the same chemotherapy regimens have 
been applied.

The OEO2 trial was followed by the OEO5 
trial, which hypothesized that adding a fourth 
cycle of chemotherapy to the neoadjuvant regi-
men would lead to better survival rates compared 
with a short neoadjuvant chemotherapy regimen. 
The preliminary results of this so called OEO5 
trial, which compared prolonged neoadjuvant 
chemotherapy (4 cycles of epirubicin, cisplatin, 
capecitabine) with standard chemotherapy 
(2 cycles of cisplatin and 5-FU) in 895 patients 
with esophageal or GE-junction cancer have only 
been published in abstract form at the time of 
writing this chapter [7]. The OEO5 trial showed 
that prolonged chemotherapy resulted in 
increased R0 resection rates, better disease free 
survival, and progression free survival. The 
3-year overall survival rate was 42% after pro-
longed neoadjuvant chemotherapy versus 39% 
after the classical OEO2 regimen, i.e. not signifi-
cantly different, but with a higher toxicity rate in 
the group receiving 4  cycles of chemotherapy. 
Survival rates in the OEO5 trial are higher com-
pared with the historical OEO-2 trial data. This 
may be explained by better patient selection and 
improved surgical techniques/outcome.

A recent meta-analysis showed a survival ben-
efit for neoadjuvant chemotherapy relative to sur-
gery alone for patients with esophageal or 
GE-junction cancer (HR all-cause mortality for 
neoadjuvant chemotherapy (HR 0.88 (95% CI 
0.80–0.96), p  =  0.003)) [8]. In addition, it was 
thought that neoadjuvant chemotherapy could 
result in an increase of surgery related morbidity 
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and mortality, since preoperative therapy might 
weaken the patient. A recent prospective study in 
patients with SCC of the esophagus or GEJ 
indeed showed that neoadjuvant chemotherapy 
increased the risk of postoperative complications 
compared with surgery alone [9]. However, a 
meta-analysis showed that neoadjuvant chemo-
therapy does not increase the risk of postopera-
tive morbidity and perioperative mortality [10].

4.3	 �Neoadjuvant 
Chemoradiation

The role for neoadjuvant chemoradiation has also 
been debated for many years because of varying 
results of different studies. The high locoregional 
and systemic failure after surgery alone urged the 
need for new treatment options and resulted in 
combined modality treatment using systemic 
chemotherapy and locoregional radiotherapy. 
The goal of combining both neoadjuvant chemo-
therapy and neoadjuvant chemoradiation is 
mainly based on the possibility to downstage the 
primary tumor, resulting in higher R0 resection 
rates. In addition, neoadjuvant chemotherapy 
may also eradicate micro-metastatic disease by 
decreasing cancer-cell dissemination.

Studies on the effect of neoadjuvant chemora-
diation for esophageal and GE-junction tumors 
showed variable results. The French FFCD 9901 
trial which randomly assigned 195 patients with 
stage 1 or 2 esophageal or GE-junction cancer to 
preoperative chemoradiation (5-FU, cisplatin, 
and 45 Gy radiation therapy) followed by surgery 
versus surgery alone did not improve 3-year sur-
vival (47.5 vs. 53%) [11]. Chemoradiation prior 
to surgery did not improve the complete R0 
resection rate and was associated with a signifi-
cantly increased postoperative mortality. 
However, interpretation of these results is con-
founded by the fact that the study is underpow-
ered to show a possible survival benefit. A 
Swedish trial randomized 181 patients with 
esophageal or GE-junction tumors (SCC and 
adenocarcinoma) to chemotherapy (cisplatin, 
FU) with or without radiotherapy (40  Gy) fol-
lowed by surgical resection (4–6  weeks after 

completing neoadjuvant treatment) [12]. 
Chemoradiation significantly increased patho-
logically complete response (pCR) (28 vs. 9%) 
and complete R0 resection rate (87 vs. 74%). 
However, no significant difference in 3-year sur-
vival was found (47 vs. 49%). An Australian 
study randomized 256 patients to chemoradiation 
(cisplatin, fluorouracil, 35 Gy radiotherapy) fol-
lowed by surgery or surgery alone [13]. 
Chemoradiation resulted in a significant increase 
of R0 resections (80% vs. 59%, p  =  0.0002). 
However, no difference in overall survival was 
shown.

Several other trials and meta-analyses have 
demonstrated improved survival with preopera-
tive concurrent chemoradiation as compared to 
surgery alone, for potentially resectable stage II 
or III localized cancer of the thoracic esopha-
gus. However, the optimal regimen is not estab-
lished yet. A relatively old Irish trial randomized 
patients to chemotherapy (fluorouracil and cis-
platin) and radiotherapy (40  Gy) followed by 
surgery or surgery alone. This study in 113 
patients revealed 25% complete response and a 
significantly increased 3-year survival after neo-
adjuvant chemoradiation followed by surgery 
(32% vs. 6%) [14]. Postoperative 90-day mor-
tality of both groups combined was 6%. 
However, this study was criticized because of 
the unusually low survival rate in the surgery 
alone group. An American trial (CALGB 9781) 
randomized patients to chemotherapy (cisplatin 
and fluorouracil) and radiotherapy (50.4  Gy) 
followed by surgery or surgery alone. This 
study, which was closed prematurely after 
3 years and only 56 patients (of the planned 475 
patients) due to poor accrual, showed an 
increased 5-year survival (39% vs. 16%), how-
ever this did not reach statistical significance 
[15]. More recently, the Dutch Cross trial ran-
domized 363 patients comparing preoperative 
chemotherapy consisting of carboplatin (doses 
titrated to achieve an area under the curve of 
2  mg per millilitre per minute) and paclitaxel 
(50 mg per m2 body-surface area) and radiother-
apy (41.4 Gy in 23 fractions, 5 days per week) 
followed by surgery with surgery alone in 
patients with potentially curable esophageal or 
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GE-junction cancer (SCC and adenocarcinoma) 
(Fig. 4.1) [16]. This combination of chemother-
apy and radiotherapy was well tolerated by the 
patients and significantly increased the percent-
age of R0 resections up to 92% compared with 
69% in the surgery alone group. In addition, 
29% percent of the patients with chemoradia-
tion had a pCR. The median overall survival was 
also significantly higher in the combined treat-
ment arm than in the surgery arm (49 months vs. 
24 months; P = 0.003). (Fig. 4.2a, b) The long-
term results confirmed the overall survival ben-
efit for neoadjuvant chemoradiation (5-year 
survival 47 vs. 33%, HR for death 0.67, 95% CI 
0.51–0.87) [17]. Due to the overall survival ben-
efit, low toxicity, and high R0 resection rate 
(91%) of the neoadjuvant chemoradiation, the 

CROSS regimen is now the preferred multimo-
dality treatment in the Netherlands and several 
other Western European countries.

The German POET trial suggested a possible 
superiority of neoadjuvant chemoradiation over 
chemotherapy. This trial randomized 126 patients 
with GE-junction tumors to chemotherapy alone 
(cisplatin, FU, leucovorin) followed by surgery 
or the same chemotherapy regimen (cisplatin, 
FU, leucovorin) followed by low-dose RT con-
current with chemotherapy (cisplatin and etopo-
side) [18]. Induction chemotherapy followed by 
chemoradiation significantly increased complete 
pathological response (15.6% vs. 2.0%, p = 0.03) 
and (non-significantly) increased 3-year survival 
(47 vs. 28%, p = 0.07). Recently the long-term 
results showed a 5 year overall survival of 24.4% 

837 Patients were assessed for
esophageal or EGJ cancer

469 Were excluded

368 Underwent randomization

180 Were assigned to chemo-
radiotherapy and surgery

188 Were assigned to surgery alone

2 Withdrew consent
7 Did not receive any
chemoradiotherapy

171 Received chemoradiotherapy
168 Underwent surgery
161 Underwent resection

178 Were included
in the analysis

188 Were included
in the analysis

186 Underwent surgery
161 Underwent resection

Fig. 4.1  Consort 
scheme of patients of 
CROSS trial
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in the chemotherapy versus 39.5% in the chemo-
radiation group (p = 0.055) [19]. An Australian 
trial randomized 75 patients to neoadjuvant che-
motherapy (cisplatin and 5-FU) followed by sur-
gery or neoadjuvant chemoradiation (cisplatin 
and 5-FU in combination with 35  Gy radiation 
therapy) followed by surgery [20]. After neoadju-
vant chemoradiation pCR was significantly 
increased compared with neoadjuvant chemo-
therapy, 31 vs. 8% (p  =  0.01) respectively. No 
significant difference in median overall survival 
was observed, possibly because of the low num-
ber of included patients.

Overall, a recent meta-analysis based on 6072 
patients found that neoadjuvant chemoradiation 
followed by surgery compared with surgery alone 
was the only regimen to significantly improve 
survival (HR 0.77 (95% CI 0.68–0.87), p < 0.001) 
[21]. This network meta-analysis states that neo-
adjuvant chemoradiation followed by surgery is 
the most effective strategy in improving survival 
of resectable esophageal cancer. Earlier, a meta-
analysis based on 4188 patients included in RCTs 
(CROSS, FFCD, CALGB 9781) found that neo-
adjuvant chemotherapy and neoadjuvant chemo-
radiation reduced overall mortality as compared 
to surgery alone in patients with T1-3 esophageal 
adenocarcinoma [22]. In addition, it has been 
debated that neoadjuvant chemoradiation may 
enhance the occurrence of postoperative compli-
cations, which for example has also been 
observed after neoadjuvant radiotherapy in rectal 
surgery. A recent prospective study in patients 
with SCC of the esophagus or GEJ indeed showed 
that neoadjuvant chemoradiation increased post-
operative mortality compared with surgery alone 
[9]. However, a meta-analysis showed that nei-
ther neoadjuvant chemotherapy nor neoadjuvant 
chemoradiation increases the risk of postopera-
tive morbidity and mortality [10].

4.4	 �Perioperative Chemotherapy

For gastric cancer a strategy of perioperative che-
motherapy, which is also known as the “sandwich 
approach”, is the predominant approach in 
Europe. This regimen was based primarily on the 

United Kingdom Medical Research Council 
MAGIC trial which randomized 503 patients 
with adenocarcinoma of the stomach, GE-junction 
and esophagus, to perioperative ECF (epirubicin/
cisplatin/5-FU) and surgery or surgery alone 
[23]. Perioperative chemotherapy improved 
5-year survival rate (36% vs. 23%, p  =  0.009). 
However, only 42% of the patients intentionally 
treated with chemotherapy completed the full 
regime. Perioperative mortality (death within 
30 days) was similar between both groups (5.6% 
vs. 5.9%). This study was criticized because of 
the lack of a standardized surgical procedure as 
well as the late inclusion of GE-junction and 
esophageal tumors in the protocol. The initial 
trial design was for stomach cancer, however due 
to low accrual, distal esophageal tumors and 
GE-junction tumors were also included in a later 
phase. Only one fourth of the patients had esoph-
ageal or GE-junction cancers. The inclusion of 
these last subgroups may have biased the results. 
Moreover, no clear evidence has been given 
about the additional value of the adjuvant phase 
of the study, and long term results have never 
been published.

The French FNCLCC-FFCD trial random-
ized 224 patients with adenocarcinoma of the 
esophagus, GE-junction, or stomach to periop-
erative chemotherapy (cisplatin and fluoroura-
cil) and surgery or surgery alone [24]. 
Perioperative chemotherapy significantly 
improved 5-year survival (38% vs. 24%, 
p  =  0.02), curative resection rate, disease-free 
survival (5-year rate: 34% vs. 19%, P = 0.003), 
while there was no difference in 30-day mortal-
ity (4.5% vs. 4.6%). In this study 75% of the 
patients had esophageal or GE-junction tumor.

4.5	 �Neoadjuvant Versus 
Adjuvant Strategies

Relatively few studies focused on postoperative 
strategies. In general, the data suggest that post-
operative regimens fail to improve survival. 
There are only a few randomized trials of adju-
vant chemotherapy for resected esophageal ade-
nocarcinoma and only a few Japanese studies in 
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resected esophageal squamous cell carcinoma 
that showed no survival benefit [25, 26]. Recently, 
the superiority of neoadjuvant as compared to 
adjuvant chemotherapy was shown in the 
Japanese JCOG9907 trial [27]. Patients (n = 330) 
with SCC of the esophagus were randomly 
assigned to surgery preceded or followed by che-
motherapy (cisplatin and 5-FU). Five-year over-
all survival was significantly higher after 
preoperative chemotherapy (55% vs. 43%, 
p  =  0.04). One of the reasons that neoadjuvant 
chemotherapy may lead to better results is the 
fact that many patients do not tolerate adjuvant 
chemotherapy after an esophagectomy.

4.6	 �Future Perspectives

Over the last decades multiple trials have indi-
cated that multimodality treatment of patients 
with esophageal and GE-junction cancer is nec-
essary to obtain optimal results. At the moment 
several phase 3 trials are ongoing to further 
determine the optimal (neo)-adjuvant treatment 
regimen. The NeoAegis trial is recruiting 
patients to evaluate survival of patients treated 
with perioperative chemotherapy plus surgery 
versus neoadjuvant chemoradiation plus surgery 
(MAGIC vs. CROSS) in esophageal and junc-
tional adenocarcinoma. The French PROTECT 
trial, investigates the effect of preoperative 
radiotherapy (41.4 Gy) in combination with two 
different chemotherapy regimens, namely 
FOLFOX (folinic acid, fluorouracil, oxalipatin) 
versus paclitaxel and carboplatin [28].

The recurrence patterns after CROSS fol-
lowed by surgery for esophageal or GE-junction 
cancer reveal that isolated infield locoregional 
recurrence is very rare [29]. This indicates that 
increase of the dosis of radiotherapy is reason-
less. Isolated outfield lymphatic recurrence is 
also very rare which counters a possible positive 
effect of enlargement of the radiation field. The 
occurrence of distant metastases, whether or not 
in combination with locoregional recurrence, is 
the major problem. Therefore, a more effective 
systemic therapy is needed to improve long-term 
survival. However, it is unlikely that much can be 

expected from new combinations or adjusted 
doses of the classical chemotherapeutic agents.

Several studies investigate the possible benefi-
cial effects of monoclonal antibodies as neoadju-
vant treatment for different types of cancer. For 
example in metastatic colorectal cancer and met-
astatic breast cancer the addition of monoclonal 
antibodies to standard chemotherapy regimens 
has improved survival [30, 31]. However, up to 
now, for esophageal cancer no beneficial effects 
of monoclonal antibodies have been reported. A 
recent study added bevacizumab and erlotinib to 
neoadjuvant chemoradiation for patients with 
esophageal or GE-junction cancer [32]. The addi-
tion of bevacizumab and erlotinib did not demon-
strate any survival benefit. Another phase 2 trial 
showed that for patients with gastric or 
GE-junction adenocarcinoma the addition of bev-
acizumab to perioperative epirubicin, cisplatin, 
and capecitabine is feasible [33]. However, the 
phase-3 part of this STO3 trial is still ongoing. 
Also other monoclonal antibodies, for example 
against the vascular endothelial growth factor 
receptor 2 (ramucirumab), are promising addi-
tions to the standard of care for gastric or gastro-
oesophageal cancer.

The success of immunotherapy for other 
tumors gives high expectations for a possible 
beneficial effect in esophageal and GE-junction 
tumors. Just as e.g. melanoma, esophageal can-
cer has a relatively high burden of genetic muta-
tions which probably act as “neoantigens” and 
could be tested as potential targets for immuno-
therapy [34, 35].

The CROSS trial revealed that following 
chemoradiation, 49% of patients with SCC and 
23% of patients with an adenocarcinoma had a 
pCR in the resection specimen. Also other studies 
described the effect of neoadjuvant chemoradia-
tion on the occurrence of pCR.  Several trials 
showed that this “sterilizing” effect is increased 
after chemoradiation compared with chemother-
apy alone [12, 18, 20]. The occurrence of patho-
logically complete response opens the possibility 
for new (organ sparing) treatment options. It can 
be hypothesized that patients with pCR do not 
benefit from esophagectomy. Those patients 
could undergo an organ sparing approach if  
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identified correctly. Such approach would consist 
of active surveillance if clinically complete 
response (cCR) has been accomplished by 
chemoradiation. These effects of neoadjuvant 
chemoradiation on the occurrence of pCR raises 
questions about the timing and necessity of 
esophagectomy after application of the CROSS 
regimen. Therefore, a prospective trial (pre-
SANO) is ongoing in the Netherlands which ana-
lyzes the optimal diagnostic set for determining 
the presence or absence of residual disease after 
chemoradiation [36]. If the preSANO trial shows 
that the presence or absence of residual tumor 
can be predicted reasonably after chemoradia-
tion, a subsequent randomized controlled trial 
will compare chemoradiation plus standard sur-
gery with chemoradiation plus surgery as needed 
(SANO trial). In this active surveillance group 
surgery will only be performed after CROSS if 
residual disease has been proven or is highly sus-
pected. A comparable randomized trial (Esostrate 
trial) has recently been initiated in France.

In conclusion, the use of preoperative chemo-
radiation or chemotherapy followed by surgery 
is currently the prevailing treatment for most 
patients selected for curatively intended treat-
ment. However, up to now none of these two 
regimens has been proven superior. Possibly a 
treatment more individualized for each patient 
will further improve the results of neoadjuvant 
therapy in combination with surgery. Recently, 
three subtypes of esophageal adenocarcinoma 
have been described [37]. This subclassification 
may have therapeutic relevance and could result 
in individualized treatment regimens for patients 
with esophageal or GE-junction tumors to 
obtain the optimal results from neoadjuvant 
therapy and surgery.
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Transhiatal or Transthoracic 
Esophagectomy

Leonie R. van der Werf and Bas P.L. Wijnhoven

5.1	 �Introduction

A surgical resection remains the most important 
treatment modality for the cure of non-
metastasized esophageal cancer. For many years, 
open esophagectomy was performed worldwide 
through two approaches: the transhiatal esopha-
gectomy (THE) and transthoracic esophagec-
tomy (TTE). Pertaining in-hospital mortality 
rates were between 3 and 10%, and the 5-year 
survival rate after surgery was 20–30%. Resulting 
contributions to improved patient-care and selec-
tion were the improvement of perioperative care, 
the introduction of neoadjuvant treatments, the 
centralization of surgery in high volume centres 
and the better imaging modalities. Hence, short 
and long-term outcomes of surgical resection 
have improved substantially.

Minimally invasive esophagectomy (MIE) 
was pioneered in the early nineties and popular-
ized in the last decades by many surgeons. Three 
meta-analyses support the concept that MIE may 
be associated with less respiratory complications, 
a reduction of morbidity and a faster postopera-
tive recovery [1–3]. At the same time, the proce-
dure is technically demanding and programs to 

safely introduce these techniques are warranted. 
Two randomized trials compared open esopha-
gectomy with MIE: the total (thoraco-
laparoscopic) MIE in the TIME-trial and the 
hybrid (laparoscopy and thoracotomy) esopha-
gectomy in the MIRO-trial. Both studies show 
the short-term advantages of MIE: less blood 
loss, a lower rate of respiratory infection, a 
shorter hospital stay and a better quality of life in 
favour of the MIE. The quality of the specimen 
resected is similar to the open technique (radical-
ity and number of lymph nodes). Long-term 
oncological outcome of the TIME trial at 1-year 
and 3-year showed no differences between the 
two groups concerning overall and disease-free 
survival [4].

In this chapter we review the transhiatal and 
transthoracic esophagectomy and discuss the 
comparison of the outcomes of these two open 
approaches by a randomized controlled study, the 
HIVEX trial.

5.2	 �Comparing THE with TTE: 
The HIVEX Trial

5.2.1	 �Transhiatal Esophagectomy

Via an upper abdominal incision, the distal 
esophagus and locoregional lymph nodes in the 
posterior mediastinum are dissected en bloc 
through a widened hiatus. The upper abdominal 
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lymph nodes are dissected including the paracar-
dial lymph nodes, the nodes along the lesser cur-
vature and the nodes at the left gastric artery. A 
standard D1 plus or D2 lymphadenectomy of the 
celiac trunk is performed. The cervical esopha-
gus is dissected via a left (or right) cervical inci-
sion and the intrathoracic esophagus dissected 
bluntly and stripped with the aid of a vein strip-
per. Creation of gastric tube and resection of the 
specimen is then followed by positioning the gas-
tric tube in the prevertebral plane to the neck 
where the anastomosis is made [5].

5.2.2	 �Transthoracic Esophageal 
Resection

Several techniques are used: Ivor Lewis proce-
dure (right thoracotomy and laparotomy), Mc 
Keown (three-stage with neck incision) and the 
Sweet procedure (left thoraco-abdominal inci-
sion). The three-stage and the two-stage open 
esophagectomy involves an esophageal resec-
tion, creation of a gastric tube, a two-field lymph-
adenectomy (celiac trunk and mediastinal 
lymphadenectomy) followed by a cervical anas-
tomosis in the three-stage procedure and an intra-
thoracic anastomosis in the case of an Ivor Lewis 
procedure. The extent of the mediastinal lymph-
adenectomy is still debated, but the majority of 
the patients undergoes a total mediastinal 
lymphadenectomy.

5.2.3	 �Differences Between Open 
TTE and THE

In 2001, Hulscher et  al. published a meta-
analysis on transthoracic and transhiatal esoph-
agectomy [6]. Six prospective comparative 
studies including three control-randomized 
studies (RCT) and 18 retrospective compara-
tive studies were included (all published 
between 1990 and 1999). The three RCTs in 
this meta-analysis were all underpowered and 
focused on squamous cell carcinoma [7–9]. In 
2002, Hulscher et  al. published the Dutch 
HIVEX trial, a RCT comparing TTE with THE 

[10]. In 2007, Omloo et  al. published a long-
term follow-up of this trial (5 years) [11].

The HIVEX trial included 220 patients with 
adenocarcinoma type I of the distal esophagus or 
adenocarcinoma type II of the gastric cardia 
involving the distal esophagus. Patients were ran-
domized to THE or TTE with extended en bloc 
lymphadenectomy. Primary endpoints of this 
study were overall survival and disease-free sur-
vival. Secondary endpoints were the periopera-
tive data and other parameters such as 
postoperative morbidity and mortality, the qual-
ity of the resected specimen, the number of 
lymph nodes involved and the number of quality-
adjusted life-years gained.

Perioperative morbidity was higher after TTE, 
but there was no statistically significant differ-
ence between the groups THE and TTE regarding 
in-hospital mortality (2% in the transhiatal group 
and 4% in the transthoracic group, p = 0.45). In 
the TTE group, 57% of patients had pulmonary 
complications vs. 27% in the THE group 
(p = <0.001). Chyle leakage occurred more in the 
TTE group, 10% vs. 2% (p = 0.02). In the THE 
group, vocal-cord paralysis was more common 
but this difference was not significant (21% vs. 
13%, p = 0.15). Mechanical ventilation time, ICU 
stay and hospital stay were significantly higher in 
the TTE group (postoperative ventilation time: 
2 days vs. 1 day, p = <0.001; ICU stay: 6 days vs. 
2  days, p  =  <0.001; and postoperative hospital 
stay: 19 days vs. 15 days, p = <0.001).

After a median follow-up of 4.7  years, 142 
patients had died: 74 (70%) after THE and 68 
(60%) after TTE (p = 0.12). Although the differ-
ence in survival was not statistically significant, 
there was at 5 years a trend toward a survival ben-
efit holding for the extended approach. Disease-
free survival was 27% in the THE group, as 
compared with 39% in the TTE group, whereas 
overall survival was 29% as compared with 39% 
(Figs. 5.1 and 5.2).

The conclusion of this HIVEX trial was that 
THE was associated with a lower morbidity rate 
than TTE with its extended en bloc lymphade-
nectomy. Although median overall, disease-free, 
and quality-adjusted survival did not differ statis-
tically between the groups, there was at 5 years a 
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trend toward improved long-term survival hold-
ing for the extended transthoracic approach.

The long-term follow-up of this randomized 
trial was published in 2007. Omloo et al., anal-
ysed a total of 95 patients who underwent a THE 
and 110 patients who underwent a TTE. After 
transhiatal and transthoracic resection, 5-years 
survival was 34% and 36%, respectively 
(p = 0.71).

5.2.3.1	 �Who May Benefit from TTE 
or THE?

In a subgroup analysis, based on the location of 
the primary tumour (classified after pathological 
examination of the resection specimen), no over-
all survival benefit for either surgical approach 
was seen in 115 patients with a type II tumour 
(p = 0.81). In 90 patients with a type I tumour, an 
absolute survival benefit of 14% was observed 
with the transthoracic approach (51% vs. 37%, 
p  =  0.33). Moreover, there was evidence that 
depending on the number of positive lymph 
nodes in the resection specimen, the effect of 
treatment differed. In patients (n  =  55) without 
positive nodes, the locoregional disease-free sur-
vival after THE was comparable to that of TTE 
(86% and 89%, respectively). A poor outcome 
was found for patients (n = 46) with more than 
eight positive lymph nodes in the resection speci-
men: the survival was 0% in both groups. 
Regarding patients (n  =  104) with one to eight 
positive lymph nodes in the resection specimen, a 
5-year locoregional disease-free survival advan-
tage was seen for those patients operated via the 
transthoracic approach (64% vs. 23%, p = 0.02). 
The authors concluded that there is no significant 
overall survival benefit for either approach. 
However, when compared with THE, a TTE for 
type I esophageal cancer shows an ongoing trend 
towards a better 5-year survival rate. Moreover, 
patients with a limited number of positive lymph 
nodes (between one and eight) in their resection 
specimen also seem to benefit from TTE.  In 
patients with a limited nodal burden, a more 
extensive nodal dissection may indeed cure the 
patient. However, when the number of positive 
nodes is very high, this reflects systemic disease 
and then more extensive surgery can not cure the 

patient. Moreover, in patients with a very limited 
nodal spread, the locoregional nodes can be 
removed by a THE as well as a TTE.

5.2.3.2	 �Post-Operative Morbidity
Most studies showed more complications for the 
TTE as compared to the THE. The meta-analysis 
of Hulscher et al. [2] showed more perioperative 
blood loss, pulmonary complications, chyle leak-
age, and wound infections in the transthoracic 
group. More anastomotic leakage and vocal cord 
paralysis were found in the transhiatal group. The 
in-hospital mortality rates for transthoracic resec-
tion in comparison with transhiatal were higher 
(9.2% vs. 5.7%, RR: 1.60, 95% confidence inter-
val: 1.89–1.35). The question arises whether 
these differences still are representative because 
in recent years we see better patient selection, 
improvement of perioperative care and refine-
ment of surgical techniques. Lacking recent 
RCTs we note a cohort study in 2014 by Davies 
et  al. including 680 patients operated between 
2000 and 2010, showing a shorter median hospi-
tal stay for transhiatal surgery (14  days vs. 
17 days, p < 0.001). The in-hospital mortality rate 
also favoured THE (1.1% vs. 3.2% for THE and 
TTE respectively, p = 0.110). The results show a 
median of 20 nodes in the transthoracic group vs. 
13 in the transhiatal group (p < 0.001) [12].

5.3	 �Minimally Invasive 
Esophagectomy (MIE)

Over the last decades, the safe and oncological-
proficient operation termed MIE emerged. 
Ideally, minimally invasive techniques should be 
as radical as open approaches and not compro-
mise oncological outcome [13]. It may be fair to 
say that during the early developmental phase of 
MIE a somewhat different oncological operation 
was performed—attributable to the enormous 
technical challenges and search for optimal tech-
niques. More recent studies show, however, that 
indices of the number of lymph nodes dissected 
and surgical margins for MIE are similar or per-
haps superior to open approaches. Two RCTs 
have been performed, one total MIE (TIME trial) 
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and the other hybrid, in which laparoscopy and 
right posterolateral thoracotomy are performed 
with intrathoracic anastomosis (MIRO trial) [14, 
15]. The long-term follow-up of the TIME trial 
up to 3 years posits similar survival-outcomes for 
the open and the MIE groups [16].

Minimally invasive esophagectomy may har-
bour several advantages for the surgeons as well. 
The developments of high definition and 3D 
cameras with robotic platforms offer an excellent 
and detailed view of the operation field. This 
facilitates a careful dissection along the tissue 
planes enabling an increased radical nodal dis-
section with less blood loss. Also, ergonomics of 
the instruments has improved and the surgeon 
may feel more comfortable during MIE than at 
open surgery. The possible advantages of robotic 
surgery including esophageal cancer resections 
seems clear but this has yet to be evidenced by 
the ROBOT trial, which compares the open 
esophageal resection vs. the laparoscopy and tho-
racoscopy as assisted by robot [17].

Minimally invasive surgery—especially in 
prone position—is technically challenging and 
needs careful introduction using a structured 
program.

5.4	 �Influence of Neoadjuvant 
Therapy

The extended use of neoadjuvant therapy 
changed the prognosis of the resectable esopha-
geal cancer cure. According to the long-term 
outcome of the CROSS trial, a better survival 
after neoadjuvant chemoradiotherapy is seen for 
both adenocarcinoma and squamous cell cancer 
(Carboplatin and Paclitaxel for 5  weeks with 
concurrent radiotherapy, 41.4  Gy given in 23 
fractions, 5 days a week). Five-year overall and 
progression-free survival rates were 47 and 44% 
in the neo-adjuvant chemoradiotherapy-plus-
surgery group while in the surgery-alone group 
33% and 27%, respectively. Holding for the 
squamous cell cancer, it was 61% vs. 30% and 
58% vs. 28%; whereas in the adenocarcinomas 
case it was 43% vs. 33% and 41% vs. 27%, 
respectively [18, 19].

The dissection of lymph nodes is important 
for the staging of esophageal cancer and the num-
ber of dissected lymph nodes is an important pre-
dictor of survival in patients with esophageal 
cancer.

Based on data from the CROSS study, Talsma 
et al. found that in the group of patients treated by 
surgery alone, the number of resected lymph nodes 
indeed had a prognostic impact on the survival rate 
[20]. But the therapeutic value of lymphadenec-
tomy is still controversial in this study after CRT 
because the number of resected nodes was not 
associated with survival. Also, a cohort study by 
Lagergren et al. showed no significant influence of 
the number of resected nodes on the 5-year sur-
vival rates (disease specific and overall) in patients 
with the surgery-alone group [21].

As described above, an important distinction 
between the outcomes of transthoracic and of 
transhiatal esophagectomies concerns the 
differences in lymph-node yield and the possible 
influence on locoregional recurrent disease. 
Moreover, given the data on the association 
between the number of nodes dissected after neo-
adjuvant chemoradiotherapy, the question arises 
what the best surgical approach is for Gastro-
esophageal junction tumours: either the transhia-
tal approach with limiting morbidity and inability 
to dissect the nodes from the middle and upper 
mediastinum, or the transthoracic MIE with 
extended mediastinal nodal dissection. The trend 
in the Netherlands is to operate distal oesopha-
geal tumours (type I) totally minimally invasive 
by use of thoracoscopy and laparoscopy after 
neoadjuvant therapy. For type II tumours (cardia 
cancers) many Dutch surgeons prefer a thoraco-
scopic or transhiatal approach by laparoscopy 
after neoadjuvant therapy.

Discussions concern whether to organize a 
new trial, one comparable with the HIVEX trial, 
in which patients will be treated by neoadjuvant 
therapy and by minimally invasive surgery. This 
trial is yet to be accomplished.

�Conclusion

Evidence concerning which approach is the 
best for distal esophageal and GEJ cancers was 
produced by the HIVEX trial that compared the 
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Transhiatal vs. Transthoracic approach without 
neoadjuvant therapy. Given the current use of 
neoadjuvant therapy, there is no comparison of 
cohorts or of randomized studies that compare 
MIE THE with MIE TTE for distal or GEJ 
types 1 and 2 tumours after neoadjuvant ther-
apy. Such a study is crucial for improving the 
treatment of the distal and GEJ cancers.

References

	 1.	Biere SS, Cuesta MA, van der Peet DL.  Minimally 
invasive versus open esophagectomy for cancer: a 
systematic review and meta-analysis. Minerva Chir. 
2009;64:121–33.

	 2.	Sgourakis G, Gockel I, Radtke A, et  al. Minimally 
invasive versus open esophagectomy: meta-analysis 
of outcomes. Dig Dis Sci. 2010;55:3031–40.

	 3.	Nagpal K, Ahmed K, Vats A, et  al. Is minimally 
invasive surgery beneficial in the management of 
esophageal cancer? A meta-analysis. Surg Endosc. 
2010;24:1621–9.

	 4.	Maas KW, Biere SS, Scheepers JJ, et al. Laparoscopic 
versus open transhiatal esophagectomy for distal and 
junction cancer. Rev Esp Enferm Dig. 2012;104: 
197–202.

	 5.	Orringer MB, Marshall B, Chang AC, Lee J, Pickens 
A, Lau CL.  Two thousand transhiatal esophagecto-
mies: changing trends, lessons learned. Ann Surg. 
2007;246:363–74.

	 6.	Hulscher JB, Tijssen JG, Obertop H, van Lanschot 
JJ. Transthoracic versus transhiatal resection for car-
cinoma of the esophagus: a meta-analysis. Ann 
Thorac Surg. 2001;72:306–13.

	 7.	Chu KM, Law SY, Fok M, Wong J. A prospective ran-
domized comparison of transhiatal and transthoracic 
resection for lower-third esophageal carcinoma. Am 
J Surg. 1997;174:320–4.

	 8.	Goldminc M, Maddern G, Le Prise E, et  al. 
Oesophagectomy by a transhiatal approach or thora-
cotomy: a prospective randomized trial. Br J  Surg. 
1993;80:367–70.

	 9.	 Jacobi CA, Zieren HU, Muller JM, Pichlmaier H. 
Surgical therapy of esophageal carcinoma: the influ-
ence of surgical approach and esophageal resection on 
cardiopulmonary function. Eur J Cardiothorac Surg. 
1997;11:32–7.

	10.	Hulscher JB, van Sandick JW, de Boer AG, et  al. 
Extended transthoracic resection compared with lim-
ited transhiatal resection for adenocarcinoma of the 
esophagus. N Engl J Med. 2002;347:1662–9.

	11.	Omloo JMT, Lagarde SM, Hulscher JBF, et  al. 
Extended tranthoracic resection compared with limited 
transhiatal resection for adenocarcinoma of the mid/
distal esophagus. Ann Surg. 2007;246:992–1001.

	12.	Davies AR, Sandhu H, Pillai A, et al. Surgical resection 
strategy and the influence of radicality on outcomes in 
oesophageal cancer. Br J Surg. 2014;101:511–7.

	13.	Luketich JD, Pennathur A, Awais O, et al. Outcomes 
after minimally invasive esophagectomy. Review of 
over 1000 patients. Ann Surg. 2012;256:95–103.

	14.	Biere SS, van Berge Henegouwen MI, Maas KW, 
et  al. Minimally invasive versus open oesophagec-
tomy for patients with oesophageal cancer: a multi-
centre, open-label, randomised controlled trial. 
Lancet. 2012;379:1887–92.

	15.	Mariette C, Meunier B, Pezet D. Hybrid mini-invasive 
versus open oesophagectomy for patients with 
oesophageal cancer: a multicentre openlabel random-
ized phase III controlled trial, the MIRO trial. J Clin 
Oncol. 2015;33(supplement 2, abstract 5).

	16.	Maas KW, Cuesta MA, van Berge Henegouwen MI, 
et al. Quality of life and late complications after mini-
mally invasive compared to open esophagectomy: 
results of a randomized trial. World J  Surg. 
2015;39:1986–93.

	17.	van der Sluis PC, Ruurda JP, van der Horst S, et al. 
Robot-assisted minimally invasive thoraco-
laparoscopic esophagectomy versus open transtho-
racic esophagectomy for resectable esophageal 
cancer, a randomized controlled trial (ROBOT trial). 
Trials. 2012;13:230.

	18.	van Hagen P, Huslhof MC, van Lanschot JJ, et  al. 
Preoperative chemoradiotherapy for esophageal or 
junctional cancer. N Engl J Med. 2012;366:2074–84.

	19.	Shapiro J, van Lanschot JJB, Huslhof MCCM, et al. 
Long-term results of a randomised controlled trial 
comparing neoadjuvant chemoradiotherapy plus sur-
gery with surgery alone for oesophageal or junctional 
cancer (CROSS trial). Lancet Oncol. 2015;16: 
1090–8.

	20.	Talsma KA, Shapiro J, Looman CW, et  al. Lymph 
node retrieval during esophagectomy with and with-
out neoadjuvant chemoradiotherapy: prognostic and 
therapeutic impact on survival. Ann Surg. 2014; 
260:786–92.

	21.	Lagergren J, Mattsson F, Zylstra J, et  al. Extent of 
lymphadenectomy and prognosis after esophageal 
cancer surgery. JAMA Surg. 2016;151:32–9.

L.R. van der Werf and B.P.L. Wijnhoven



49© Springer International Publishing AG 2017 
M.A. Cuesta (ed.), Minimally Invasive Surgery for Upper Abdominal Cancer, 
DOI 10.1007/978-3-319-54301-7_6

Open or Minimally Invasive 
Esophagectomy After 
Neoadjuvant Therapy

Donald L. van der Peet, Jennifer Straatman,  
Nicole I. van der Wielen, and Miguel A. Cuesta

In 1991, Dallemagne introduced the right thora-
coscopic approach in lateral position for esopha-
geal cancer with total lung block, thereby 
mimicking the conventional approach [1]. Initial 
reports showed a high conversion rate to thora-
cotomy and a high respiratory morbidity rate. 
Searching for reduction of the conversion rate 
and the respiratory infection rate, Cuschieri et al. 
redesigned the thoracoscopic approach in prone 
decubitus position so that a total collapse of the 
lung was no longer necessary for dissecting the 
esophagus and thereby possibly reducing the rate 
of respiratory infections [2].

After a feasibility period, Minimally Invasive 
Esophagectomy (MIE) by thoracoscopy in prone 
or lateral decubitus position or by transhiatal 
approach is being widely implemented and 
increasingly performed all over the world for 
patients with resectable esophageal cancer (EC) 
to reduce postoperative respiratory complications 

and to enhance the quality of life by avoiding a 
right thoracotomy and laparotomy [3–5]. Other 
important, recent developments in esophageal 
surgery concern the systematic use of neoadju-
vant treatment, such as the use of chemotherapy 
(MAGIC scheme), or chemoradiotherapy 
(CROSS scheme) [6, 7]. Neoadjuvant therapy for 
tumor stages 2 and 3 significantly increases 
5-year survival of patients with esophageal can-
cer in both squamous cell cancer (SCC) as well 
as adenocarcinomas (ADC).

Current topic of discussion in the West is the 
extent of mediastinal lymphadenectomy. In 
1994, the ISDE had defined four types of medi-
astinal lymphadenectomy in treating esophageal 
cancer (SCC) according to extent: the standard, 
the extended, the total mediastinal and the three-
field lymphadenectomy [8]. The implementation 
of neoadjuvant treatment and the subsequent 
effects on survival rates, regardless of lymph 
node yield, requires a new look at mediastinal 
lymphadenectomy.

Minimally Invasive Esophagectomy should 
entail the same operation as the standard open 
esophageal resection with the only difference 
being the approach: thoracoscopy instead of tho-
racotomy and laparoscopy instead of laparotomy.

Six issues will be discussed concerning the 
implementation of MIE for cancer:

(1) choice of the extent of esophageal resec-
tion, and use of neoadjuvant therapy; (2) reasons 
to approach esophageal cancer by MIE; (3) 
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determining the best Minimally Invasive 
approach for Gastro-Esophageal Junction (GEJ) 
cancers; (4) implementation of Evidence based 
MIE; (5) future lines of research of MIE; and (6) 
learning curve and teaching process [9].

6.1	 �The Choice of the Extent 
of MI Esophageal Resection 
and Use of Neoadjuvant 
Therapy

Based on information gathered in Japan about the 
frequency and localization of lymph node metas-
tases according to tumor location [10] and the 
evidence obtained by Randomized Controlled 
Trials (RCT) [11], middle and upper esophageal 
cancers should be approached by a three-stage 
McKeown operation with total mediastinal 
lymphadenectomy (LN) with a cervical anasto-
mosis after neoadjuvant therapy. In cases of 
lower esophageal and GEJ, Siewert 1 and 2, a 
transhiatal approach or a two-stage Ivor Lewis 
operation is performed, with standard LN with 
intrathoracic anastomosis after neoadjuvant ther-
apy [12]. If there is suspicion of enlarged lymph 
nodes by PET CT-scan in the paratracheal area in 
these distal tumors, mostly ADC, lymphadenec-
tomy of these areas is also added. In high-risk 
patients with distal or GEJ cancers, the transhia-
tal approach might be opted for (Video 6.1).

6.2	 �Reasons to Approach 
the Esophageal Cancer 
by MIE

Minimally invasive esophagectomy is associated 
with less operative trauma and consequently less 
morbidity. Performing a thoracoscopy avoids a tho-
racotomy. Fewer pulmonary complications are 
reported in comparison to an open procedure, pos-
sibly even less pulmonary complications are seen if 
complete lung block is omitted, as done in thora-
coscopy in prone position. In laparoscopic transhi-
atal dissection, the operation is performed under 
direct vision and probably with less manipulation 
and retraction of the mediastinum (heart) and there-

fore less hemodynamic complications. It will add 
to a better quality of life and perhaps a better sur-
vival in the era of neoadjuvant treatment [13–18].

All surgical approaches used for open esopha-
gectomy have been implemented for MIE.  The 
transhiatal approach, the three-stage esophageal 
resection (McKeown procedure), the two stage 
Ivor Lewis operation, the thoracoscopy in prone 
position and the esophageal resection facilitated 
by robot (RAMIE) [1–5, 19–22].

6.3	 �Determining the Best 
Minimally Invasive Approach 
for Gastro-Esophageal 
Junction (GEJ) Cancers

Gastroesophageal junction adenocarcinomas 
account for 30–40% of all esophageal cancers in 
the West. The Siewert classification—accepting 
its limitations—is used to locate these tumors 
[12]. Based on localization neoadjuvant treat-
ment regimens and surgical strategies are deter-
mined, with most oncologists prescribing 
neoadjuvant chemotherapy instead of chemora-
diotherapy for type 2 and 3 tumors. Type 1 is 
located mainly on the side of the esophagus, type 
3 on the subcardial side of the stomach and type 
2 at the gastric cardia. Siewert type 3 tumors are 
treated with a laparoscopic total gastrectomy. 
Siewert type 2 tumors, may be treated by an MIE 
Ivor Lewis procedure or a laparoscopic total gas-
trectomy, extended to the distal esophagus, in 
order to achieve a R0 resection, followed by an 
esophagogastrotomy. Anastomosis between dis-
tal esophagus and jejunum may be performed 
with the Orvil® or a linear stapler anastomosis 
through the transhiatal approach. Some surgeons 
prefer a laparoscopic transhiatal esophageal 
resection with gastric conduit anastomosis in cer-
vical area. In the case of extensive growth of the 
tumor along the lesser curvature an open esopha-
geal and gastric resection is performed followed 
by a colon interposition. Finally for Siewert type 
1 tumors, a MIE Ivor Lewis procedure is advised.

The Ivor Lewis approach with intrathoracic 
anastomosis is a perfect operation for many 
infracarinal esophageal cancers [23, 24]. Whilst 
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textbook, it is an operation with a high difficulty 
grade because of the intrathoracic anastomosis. 
The operation commences with laparoscopy 
(celiac trunk lymphadenectomy, gastric dissec-
tion, creation of a gastric conduit and hiatal dis-
section) followed by right thoracoscopy 
(esophageal resection and lymphadenectomy) 
and intrathoracic anastomosis through thoracos-
copy. While there are different types of intratho-
racic anastomosis, nonetheless no evidence posits 
one as graded superior to the other.

In overview, we have the manual anastomosis 
or an end-to-side anastomosis with a conven-
tional circular stapler (21, 25 or 28 mm after a 
pursestring suture on the esophageal stump or a 
prepared Orvil device®). A side-to-side anasto-
mosis can be performed using a linear stapler, 
closing the anterior defect by a transversal suture 
using conventional suture material or the pre-
pared V-Lock® suture [25]. Finally the robot-
assisted anastomosis is increasingly used 
permitting a manual high anastomosis in the apex 
of the thorax because of the ergonomy obtained 
by the robot [26].

In the Netherlands, anastomotic leaks after 
MIE Ivor Lewis had initially been reported as 
high as 14%, subsequently reduced to current 
rates holding between 5 and 10% with a 30-days 
mortality of 2.1%. Surgeons must adhere to a 
proper algorithm for treating these postoperative 
anastomotic leaks as early as possible, thereby 
following the maxim that: “Patients who do not 
progress every day should be studied immedi-
ately by CT-scan and endoscopy for assessment 
of the anastomosis”.

6.4	 �Implementation of Evidence 
Based MIE

Minimally invasive techniques for esophagec-
tomy have been implemented all over the world. 
In 2015, using the Medline database we located 
748 papers on MIE esophagectomy and 478 for 
specifically thoracoscopic esophagectomy. There 
are four meta-analyses and one randomized con-
trolled trial, being the TIME trial, which com-
pared the total MIE by thoracoscopy in prone and 

laparoscopy versus the total open approach [13, 
27–31]. The outcome of the hybrid MIRO hybrid 
trial comparing laparoscopy and thoracotomy 
with intrathoracic anastomosis versus open 
approach will be extensively presented elsewhere 
in this book. The most important outcome of this 
randomized trial, that compares patients to hybrid 
MIE (laparoscopy with right thoracotomy) or 
open intervention followed by intrathoracic anas-
tomosis showed a significant reduction in major 
morbidity and pulmonary complications in favor 
of the hybrid group. Mortality was found the 
same in both studied groups [32].

Until 2006, the two most important large 
series of MIE (the Luketich’s series published in 
2003 with patients operated by thoracoscopy in 
lateral position (222 patients), and the Palanivelu’s 
series of 130 patients operated in thoracoscopic 
prone position) were compared with Hulscher’s 
series of patients who underwent open esopha-
gectomy via a transthoracic approach in lateral 
decubitus (114 patients). Comparing these series, 
overall survival rates are reported at 3  years of 
34%, 42% and 40% respectively. Moreover, the 
comparative rates of pulmonary complications 
were 20%, 2,3% and 57% respectively; while the 
comparative rates of median Intensive Care stay 
were 1 day, 1 day and 6 days respectively; and a 
hospital stay of 7, 8 and 19 days respectively [3, 
4, 11].

These striking differences called for evidence-
based analysis of effectiveness. Therefore, from 
2010 to 2012 the TIME trial was performed  
in our department. This was a multicentre,  
open-label randomized controlled trial [31] 
comparing thoracoscopy in prone position plus 
laparoscopy versus right posterolateral thora-
cotomy and laparotomy followed by intratho-
racic or cervical anastomosis after neoadjuvant 
therapy. Characteristics of patients are depicted 
in Table 6.1. Primary end point of the trial was 
determining the rates of respiratory infections in 
the first 2 weeks and in-hospital stay, while the 
secondary end points were the quality of the 
specimen and Quality of life (QoL). Alongside 
analysis was conducted for hospital stay, opera-
tive data, postoperative data, complication rate, 
mortality rates and survival rates.

6  Open or Minimally Invasive Esophagectomy After Neoadjuvant Therapy



52

Concerning the primary outcome, a statistical 
difference in incidence of postoperative pulmo-
nary infections within 2 weeks and in hospital 
was found of 9% and 12% versus 29% and 34% 
respectively in favor of the MIE group. 
Concerning the secondary outcomes, hospital 
stay was statistically different (11 and 14 days) in 
favor of the MIE; but also differences were 
observed in the QoL questionnaires (the SF-36 
physical component), EORTC C30 (global 
health) and OES 18 (taking and pain) were found 
at 2  weeks after operation in favor of 
MIE. Moreover other outcomes such as the total 
of retrieved lymph nodes, the rate of R0 resection 
(98% and 90%), and the in-hospital mortality 
rates (3.4% and 1.8%) were not statistically dif-
ferent between the two groups. Other outcomes, 
such as operative time, were shorter in the open 
group whereas blood loss and the VAS score 
were less in MIE group. Importantly, the out-
comes of technical complications such as anasto-

motic leakage and thoracic complications were 
not different between the groups, whilst the only 
exception being incidence of vocal cord palsy 
that showed an initial difference of 2% versus 
14% in favor of the MIE group (Table  6.2). 
Explanation for this outcome is difficult but has 
to be sought in the spreading of CO2 from the 
thorax in the cervical area creating a better plane 
for dissection. The rates of reoperations (14 and 
10%, respectively) were no different between the 
two groups. Moreover, at 1-year follow up there 
were no differences in overall and disease-free 
survival rates between the two groups (around 
75%) (Fig. 6.1), yet the QoL questionnaires point 
out some differences at the 1-year follow up. The 
global health, the pain and the physical compo-
nent of the SF-36 were still statistically different 
after 1  year in favor of the MIE intervention 
(Table 6.3)). Explanation for this is obtained by 
the advantage of avoidance of the thoracotomy 
with prevention of the postthoracotomy syndrome 

Table 6.1  Baseline demographic and clinical characteristics in the intention-to-treat groups

MI esophagectomy Open esophagectomy

p-valueN = 59 N = 56

Age (years), mean ± SD 61.8 ± 8.4 62.3 ± 8.4 0.772

Gender, N (%) 0.270

 � Male 43 (72.9%) 46 (82.1%)

 � Female 16 (27.1%) 10 (17.9%)

ASA classification (N) 0.454

 � I 10 15

 � II 34 32

 � III 14 8

 � IV 1 1

BMI (kg/m2), mean ± SD 24.5 ± 3.6 24 ± 3.8 0.463

Previous surgery 31 (53%) 29 (52%) 0.588

Type of carcinoma 0.468

 � Adenocarcinoma 35 (59%) 36 (64%)

 � Squamous cell carcinoma 24 (41%) 19 (34%)

 � Other 0 (0%) 1 (2%)

Location of tumour 0.529

 � Upper third 1 (2%) 3 (5%)

 � Middle third 26 (44%) 22 (39%)

 � Lower third or gastro-
esophageal junction

32 (54%) 31 (55%)

Neoadjuvant treatment 0.533

 � Chemoradiotherapy 52 (93%) 54 (92%)

 � Chemotherapy alone 4 (7%) 5 (8%)
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Table 6.2  Short term results of open versus minimally 
invasive esophagectomy as recorded in the TIME trial

MI 
esophagectomy

Open 
esophagectomy

p-valueN = 59 N = 56

Duration of 
surgery (min), 
mean ± SD

326 ± 70 295 ± 75 0.023

 � Abdominal 
phase

148 ± 57 129 ± 81 0.172

 � Thoracic 
phase

127 ± 41 97 ± 48 0.001

Blood loss 
(mL), median 
(IQR)*

200 
(100–300)

475 (300–588) <0.001

Conversion (N) 8

Morbidity

 � Pulmonary 
complications

7 19 0.005

 � Anastomotic 
leak

7 4 0.39

 � Reoperations 8 6 0.641

30-day 
mortality

1 0 0.329

* Interquartile range
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Fig. 6.1  Overall and disease free survival after 1 year

Table 6.3  One year results comparing minimally 
invasive and open esophagectomy, as performed in the 
randomized clinical trial: the TIME trial

MI 
esophagectomy

Open 
esophagectomy P-value

Mortality 76% 68% 0.167

EORTC C30

Overall score

Preop 66 (22; 60–72) 63 (23; 56–70) 0.631

6 weeks 61 (18; 56–67) 51 (21; 44–58) 0.020

1 year 79 (10; 76–83) 67 (21; 60–75) 0.004

EORTC OES 18

Talking

Preop 5 (12; 1–9) 13 (26; 4–21) 0.745

6 weeks 18 (26; 10–26) 37 (39; 25–49) 0.008

1 year 5 (14; 0–11) 10 (21; 3–18) 0.288

Pain

Preop 15 (23; 8–23) 22 (23; 15–30) 0.189

6 weeks 8 (11; 5–11) 19 (21; 13–26) 0.002

1 year 6 (9; 2–8) 16 (16; 10–22) 0.001

[33]. Analysis of 3 year overall and disease free 
survival show no differences between the two 
groups (Fig. 6.2).

Different MIE definitions and approaches are 
available: (a) the lateral thoracoscopic position, 
the prone position and the semiprone position 
[1, 2]; (b) the Hybrid MIE type 1  in which a 
laparoscopy is combined with a right thoracot-
omy as seen in the MIRO trial [32], (c) the hybrid 

MIE 2 that combines a thoracoscopy and the lap-
arotomy [14], and (d) the robot-assisted (RAMIE) 
thoracoscopy with standard laparoscopy [22].

Important study has been done in USA where 
Luketich et al. has published a prospective phase II 
multicenter trial by the Eastern cooperative 
oncology group [34]. The aim of the study has 
been to assess the feasibility of MIE in a multi-
institutional setting. Seventeen credential sites 

6  Open or Minimally Invasive Esophagectomy After Neoadjuvant Therapy



54

have enrolled 95 patients for stage 3 or 2 
MIE. Thirty day and perioperative mortality has 
been 2.1% and 2.9% respectively, whereas the IC 
and hospital stay were 2 and 9 days respectively. 
Concerning the complications, anastomotic leak 
was found in 8.6% and respiratory complications 
in 9.5% (ARDS in 5.7% and pneumonitis in 
3.8%). At a median follow up of 35.8 months the 
estimated 3 year overall survival was 58.4% with a 
locoregional recurrence of 6.7%. They concluded 
that this multicenter study has demonstrated that 
MIE is feasible and safe with good oncological 
results. This approach can be adopted by other 
centers with appropriate expertise in open esopha-
gectomy and minimally invasive surgery.

A large controlled cohort study from China 
compared 735 patients with squamous cell 
esophageal cancer treated with MIE with 652 
propensity-matched patients treated with open 
esophagectomy. They showed that short term 
outcome such as postoperative complications, 
median hospital stay and readmission rate to 
Intensive Care was significantly lower in favor 
of the MIE group. Moreover lymph nodes 
retrieved and perioperative mortality (1.1% ver-
sus 2%) were not different between the two 
groups [35].

Concerning the semiprone position as pro-
posed in Japan, this seems an important addition 
to the standard prone approach. This includes the 
possibility to balance the patient from prone to 
right semi lateral position in order to better visu-
alize the supracarinal area and do a better lymph-
adenectomy along both recurrent laryngeal 
nerves [36]. Concerning the thoracoscopy in 
prone approach there are some differences in the 
position of trocars between Asian and Western 
world surgeons. The first positions the trocars 
anteriorly of the scapula adding mostly a small 
thoracotomy for retraction, whereas the second 
positions the trocars posteriorly, between the 
scapula and the spine, adding only a small thora-
cotomy at the end of the procedure for retrieval of 
the specimen and introduction of the circular sta-
pler in the case of Ivor Lewis operation.

Differences between the lateral and prone posi-
tion show that, while in the prone position single 
intubation with two lung ventilation is appropriate 
in the case of cervical anastomosis (we use an 
insufflation of 7–8 mmHg CO2 for helping retrac-
tion of the lung), in the lateral position a double 
lumen selective intubation (one lung ventilation) 
is usually used. Question arise if prone position is 
good enough whether a urgent conversion to tho-
racotomy is needed because of bleeding. Sufficient 
experience assures that conversion may be effec-
tively performed equally in both positions.

Differences between surgery in prone and lat-
eral position have been studied by Kubo et  al. 
with two cohorts of 28 patients in lateral and 
30 in prone position. Blood loss and duration of 
systemic inflammatory response were signifi-
cantly better in the prone group, with a tendency 
of the respiratory complications to be also lower 
in the prone group. Their conclusion was that 
while thoracoscopy in lateral position was safe 
and feasible, the prone position might be a poten-
tially less invasive procedure than the lateral 
position [37].

The FREGAT French group compared the 
30-day postoperative mortality (POM) between 
two important cohorts of patients (663 MIE and 
2346 open esophagectomy patients) of the 
French register. Thirty-day postoperative mortal-
ity was 3.3% versus 5.7%, the in-hospital mortal-
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ity 5.6% versus 8.1% and at 90-day mortality 
6.9% and 10%. This study suggests that POM is 
significantly reduced after MIE for EC. This is 
highly valuable evidence for aiding in decision-
making regarding an optimal (hybrid 1 MIE) 
approach [38].

Concerning long-term survival, the above-
mentioned TIME trial 3 year outcome showed no 
differences in survival between the MIE and the 
open esophagectomy indicate that the MIE 
approach is oncological safe.

6.5	 �Future Lines of Research 
of MIE

There are some ongoing RCT’s such as the 
ROBOT trial that compares the open esophagec-
tomy with the thoracoscopic approach assisted 
by the robot [39], but also RCT’s that will com-
pare the MIE with the open and hybrid 
approaches. In the UK and in Japan surgeons still 
harbor doubts about the advantages of MIE, 
therefore three new trials have been started. In 
the UK, the ROMIO trial with three arms: the 
MIE, the hybrid 1 and the open [40]. In Japan 
surgeons are comparing the prone position with 
the open esophagectomy [41] and in China an 
RCT is currently being initiated to compare lat-
eral MIE with the open approach.

Looking for safety and evidence of MIE Ivor 
Lewis the ICAN trial has started in the Netherlands 
comparing the MIE followed by intrathoracic or 
cervical anastomosis for esophageal cancer. Two-
hundred patients will be included in which the 
primary outcome is the anastomotic leakage 
requiring intervention or reoperation and the sec-
ondary outcomes the peroperative data including 
QoL and cost-effectiveness [42].

6.6	 �Learning Process

To initiate teaching of the MIE approach, 
surgeons of a designated proctored Upper GI 
group will need to have access to an adequate 
volume of patients with EC and have gained 
enough experience in open esophagectomy and 

minimally invasive surgery. Moreover, with 
the approval of the direction of the hospital 
and the department they have to organize a 
dedicated team (at least with two surgeons, a 
dedicated anesthesiologist and scrub nurses) 
and visit a center of excellence to learn how 
this type of intervention has to be performed. 
Consequently, apprentice surgeons, will under 
the guidance of an authorized mentor need to 
be monitored while carrying out several MIE 
procedures in their own hospital. Furthermore, 
centralization policy is mandatory in order to 
stimulate a better care of patients with esopha-
geal cancer, and at the same time to improve 
the surgeon’s expertise. In the Netherlands a 
Surgical Department has to perform every year 
at least 20 esophageal resections (and 20 gas-
tric resections) in order to continue with this 
surgical program. This centralization policy 
has increased the expertise, and the quality of 
surgery but also the quality of esophageal stud-
ies. A cooperative Upper GI group is organized 
in order to care for patients and quality of 
surgery [43].

�Conclusion

Minimally invasive esophagectomy in the era 
of neoadjuvant therapy has resulted in impor-
tant advantages, such as a lower incidence of 
pulmonary infections, whilst maintaining sim-
ilar results for completeness of resection. 
Quality of life scores are improved following 
minimally invasive esophagectomy, from the 
early postoperative phase up to 1  year after 
surgery. Survival rates are similar for open and 
MIE, with a follow-up up to 3 years.

Current research and randomized clinical 
trials focus on determining the optimal  
surgical strategy in established practice. 
Further studies will determine significant 
improvements in reducing morbidity and 
increasing the benefits of the intrathoracic 
anastomosis.

In the time of imaging-integrated surgery it 
is clear that the MIE approach should be 
increasingly implemented in all centers world-
wide having an adequate volume of patients 
and expertise.
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Thoracoscopic Radical 
Esophagectomy for Cancer
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and Kenji Kudou

Since the first report by Dallemagne regarding the 
left lateral position in 1991 and by Cuschieri 
regarding the prone position in 1992, the mini-
mally invasive oesphagectomy treatment for can-
cer has gradually become popular and now is  
being performed widely. For oesophageal cancer, 
the same quality of mediastinal dissection as evi-
denced by open surgery should be achievable 
through thoracoscopy. Upon learning the tech-
nique, the previously undescribed fine anatomy 
called microanatomy could lead to a magnified 
view through the camera at close vicinity to the 
dissection; hence, the thoracoscopic surgeon’s 
knowledge of the layer structure in the mediasti-
num became profounder. The proper dissection 
along the anatomical layer minimizes the tissue 
damage, bleeding and duration of the procedure, 

without oncological compromise. Reducing 
surgical damage in the mediastinum by the ratio-
nal dissection along the anatomical layers has 
become the important factor in minimally invasive 
surgery together with reducing the thoracic wound.

Three field lymphadenectomy has been per-
formed routinely since mid-1980s in Japan [1], 
but the extent of lymph node dissection is still 
issue of discussion, regarding the variations 
of the extended, the total mediastinal or the three-
field lymphadenectomy is still in discus-
sion. However, the precision of the dissection has 
not been established because of difficulties in its 
scientific evaluation. According to the Efficacy 
Index [the incidence of metastasis to a region 
(%), multiplied by the 5-year survival rate (%) of 
patients with metastasis to that region and divided 
by 100] [2], the bilateral recurrent nodes and tra-
cheobronchial nodes should be dissected pre-
cisely, although dissection of these nodes 
will  require substantial effort by surgeons and 
associated with the risk of postoperative compli-
cations. The sensitivity for diagnosing the pres-
ence of metastasis in each lymph node station is 
low [3]. Therefore when retrieving only nodes 
likely being metastasized, is no excuse for 
omitting dissection of these nodes. Moreover 
neoadjuvant  therapy is widely used to improve 
patient survival. The Japanese guideline recom-
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mending neoadjuvant chemotherapy for the 
patients with resectable tumor and nodal involve-
ment constitutes a response  to the result of 
JCOG9907 study [4, 5]. Therefore, Japanese sur-
geons are privileged to perform oesphagectomy 
in patients without radiotherapy treatment. In this 
chapter, microanatomy, which is essential for 
precise dissection through thoracoscopy, will be 
demonstrated in patients without mediastinal 
fibrosis as caused by neoadjuvant treatment, 
especially radiation. As the left-lateral position 
has been the preferred approach since introduc-
tion of thoracoscopy in 1995 at our institute [6], 
the figures are obtained for the left-lateral patients 
(the upper and left is the ventral and cranial, 

respectively). So, in order to adapt to the monitor 
image in the prone position of the patients, the 
figures should be rotated 90° to the right.

7.1	 �Thoracoscopic Mediastinal 
Dissection

7.1.1	 �Layer Structures and Principle 
of Dissection in the 
Mediastinum

Figure 7.1 demonstrates the layer structure of the 
mediastinum cranial to the aortic arch. The most 
outer structures under the mediastinal pleura 
forms the neural branches. The sympathetic 
branches from the right trunk dominate over  
the left and surround  the oesophagus and tho-
racic duct. Thick black  arrows indicate our dis-
secting layer for total mobilization in the upper 
mediastinum. Figure 7.2 demonstrates the layer 
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Fig. 7.1  Illustration of the anatomy, cranial to the aortic 
arch. Black heavy arrows indicate dissecting layers for 
the total mobilization in the upper mediastinum. The 
sympathetic branches from the right trunk dominate over 
the left and surround the thoracic duct. rmp right medias-
tinal pleura, lmp left mediastinal pleura, rst right trunk of 
the sympathetic nerve (b1 is the branch between the 
oesophagus and thoracic duct and the landmark of dissec-
tion when the thoracic duct is preserved;  b2 are  the 
branches that surround the thoracic duct and are divided 
for total mediastinal mobilization), lst left trunk of the 
sympathetic nerve, az azygos vein, td thoracic duct, rsa 
right subclavian artery, cs cardiac branches of the sympa-
thetic nerve from the cervical ganglion, lrn left recurrent 
nerve, ln nodes along the left recurrent nerve, vn vessels 
of the left recurrent nodes (commonly present in front of 
the node)
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Fig. 7.2  Illustration of the anatomy, caudal to the pulmo-
nary hilum. rst right trunk of sympathetic nerve, lst left 
trunk of sympathetic nerve, bsn branches from trunk of 
sympathetic nerve, td thoracic duct, rmp right mediastinal 
pleura, lmp left mediastinal pleura, pc pericardium, ln 
lymp nodes along the aorta and oesophagus (the most left 
nodes, can be dissected through right transthoracic 
approach, present at the angle between the fibrous mem-
brane on the aorta and left mediastinal pleura)
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structure of the mediastinum caudal to the 
pulmonary hilum. The most outer structure 
under the mediastinal pleura forms the neural 
branches from the sympathetic trunks and the 
right branches dominantly encase the oesopha-
gus. Almost  all structures divided during  the 
mediastinal dissection run transversally—except 
the oesophagus, vagal nerves, and thoracic duct. 
Therefore, mobilization should be done trans-
versally or orthogonally to the aorta and the tra-
cheobronchus. After identifying structures under 
magnified view, the neural branches are then 
divided without sealing in order to avoid overuse 
of energy devices and unnecessary tissue dam-
age. Under magnified view, the epineurium of 
the recurrent and vagal nerves can be identified 
easily as part of a shiny fine membrane with fine 
vessels running longitudinally (Fig. 7.3). As no 
vessel penetrates the epineurium in the dissec-
tion field, hence exposing the epineurium is the 
ideal layer of dissection. Under the magnified 
view, the structure of lymph node becomes 
obvious. Histologically, the lymph node has only 
the afferent lymphatics on the convex capsule 
(Fig.  7.4), and only at the hilum receives the 
artery and the vasoacting unmyelinated nerve 
and gives off the vein and efferent lymphatic 
vessel (Fig.  7.5). These hilar structures fix the 
lymph nodes. In another words each node has its 
own direction of hilar fixing. Understanding the 
direction of the fixation does facilitate nodal 
dissection (Figs. 7.6 and 7.7).
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ni
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Fig. 7.3  Epineurium of the left recurrent nerve. Under 
magnified view, the glossy appearance with the fine ves-
sels running longitudinally can be recognized. No vessel 
penetrates the epineurium in the dissection field. lrn left 
recurrent nerve, st stump of nerve’s branches

Lymph node

v

al

v

al

Fig. 7.4  Magnified view of lymph nodes with anthracosis 
and its vessels. v fine vein of the lymph node, al afferent 
lymphatic of the lymph node. Under magnified view, even 
the thickness of the vein and lymphatic can be comparable
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Fig. 7.5  Illustration of 
histology of the lymph 
node. A black arrow 
indicates the vasoacting 
unmyelinated nerve. The 
hilar structures fix the 
node
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7.2	 �Dissection of the Right 
Recurrent Nodes

Firstly, the mediastinal pleura is incised along the 
right vagal nerve, the right subclavian artery, and 
ventral margin of the vertebra. Dividing the tra-
cheoesophageal artery, arising from the right 
subclavian artery and running on the right side of 
the oesophagus to the anterior aspect of the 
trachea at the anterior edge of vertebra, the fatty 
tissue consisting of the recurrent nodes becomes 
mobile. Then the epineurium of the vagal nerve 
is exposed and the right recurrent nerve is identi-
fied at its recurring point (just caudal to the right 

subclavian artery). The dissection along the 
recurrent nerve is carried out by exposing its epi-
neurium and dividing the oesophageal branches 
(commonly four or five are divided) up to  the 
caudal border of the right lobe of the thyroid 
gland. The nodes present dorsal to the recurrent 
nerve. The recurrent nerve should be carefully 
differentiated from  the sympathetic nerve and 
from the cervical ganglion (Fig. 7.8). The sympa-
thetic nerve runs along the right subclavian artery 
through the arch of the recurrent nerve, and to the 
frontal aspect of the trachea, and forms a V shape 
together with the vagal nerve in contrast to 
the recurrent nerves that forms a U shape. In some 
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Fig. 7.6  Illustration of 
direction of hilum of the 
lymph node in the upper 
mediastinum. Arrows 
indicate direction of 
hilum. Black arrows and 
green arrows indicate 
right recurrent nodes 
and left recurrent 
nodes respectively
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Fig. 7.7  Illustration of 
direction of the hilum of 
the lymph node in the 
middle and lower 
mediastinum. Arrows 
indicate direction of 
hilum. There are two 
kinds of lymph nodes 
determinable by 
the direction of the 
hilum along the 
oesophagus and aorta. 
One is when its hilum 
faces to the aorta 
(para-aortic node) and 
the other is when it faces 
to the oesophagus 
(para-oesophageal node)
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patients, the tracheoesophageal artery divides at 
proximal site of the subclavian artery, near the 
recurrent nerve (Fig. 7.8). In these patients, care 
should be taken not to injure the artery, so to 
avoid incurring palsy of the nerve (Videos 7.1, 
7.2, 7.3, 7.4 and 7.5).

7.3	 �Mobilization of the Dorsal 
Aspect of the Oesophagus

Cranial to the aortic arch, the dorsal aspect of the 
oesophagus is rather avascular and anatomically 
simple. However, there can be three planes of 
dissection according to the right sympathetic 
branches. When the thoracic duct is preserved, 
dissection should be performed  along b1 
(Fig. 7.1). For the total mediastinal mobilization, 
along b2 (Fig. 7.1), the thoracic duct is excised 
and the branches of the left sympathetic trunk 
are cut, and  then the left mediastinal pleura is 
exposed (Fig.  7.9). The azygos vein  arch is 
mobilized and divided following double ligation. 
The ligated ends are retracted through the chest 
wall ventrally and dorsally to enhance mediasti-
nal exposure. The pleura is then incised along 
the anterior edge of the vertebral column dor-
sally and the right bronchial artery is doubly 

clipped and divided at its root as it bifurcates 
from the intercostobrachial artery (third inter-
costal artery) (Fig. 7.10). Dissection is continued 
exposing the ventral aspect of the intercostobra-
chial artery as far as to the right wall of the aortic 
arch. Then the intrathoracic descending aorta is 
exposed. Cranial to the aortic arch, dissection is 
carried out ventrally, exposing the left mediasti-
nal pleura until pulsation of the left subclavian 
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Fig. 7.8  Dissection along the right recurrent nerve. t tra-
chea, rvn right vagal nerve, sa subclavian artery, sn sym-
pathetic nerve from the cervical ganglion (The nerve runs 
on  the subclavian artery, through the arch of recurrent 
nerve to the frontal aspect of the trachea), rrn right recur-
rent nerve, ob oesophageal branch of the recurrent nerve, 
ota oesophagotracheal artery (Left upper shows the com-
mon site of the artery and right  lower shows the artery 
branches proximally as very close to the recurrent nerve)
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Fig. 7.9  Mobilization of the dorsal aspect of the oesoph-
agus. rp cut edge of the right mediastinal pleura, all ante-
rior longitudinal ligament of vertebra, b2 branches of the 
right trunk of sympathetic nerve, surrounding  the thoracic 
duct (indicating b2 in the Fig. 7.1), bl branches of the left 
trunk of sympathetic nerve, lp left mediastinal pleura. 
After dividing the most left branches of the right trunk, the 
left mediastinal pleura can be exposed properly
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Fig. 7.10  Intercostobrachial artery (third intercostal 
artery) and thoracic duct. td thoracic duct (the thoracic 
duct runs most dorsally at the root of the intercostobra-
chial artery and is surrounded with the sympathetic 
nerves), o oesophagus, icba intercostobrachial artery, ica 
third intercostal artery, ba right bronchial artery (The fine 
sympathetic nerve is seen running along the artery), sn 
band of sympathetic nerve from the right thoracic trunk 
(this case, the band is very thick)
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artery is recognized. The fine fibrous membrane 
consisting of sympathetic branches, covers the 
vascular sheath of the aorta (Fig. 7.11). Because  
there is no lymph node under this membrane, 
dissection exposing this membrane seems to be 
ideal. The dissection progresses to the left so that 

the sympathetic branches from the left trunk are 
recognized and divided and the left mediastinal 
pleura exposed (Fig. 7.2). After this, the proper 
oesophageal arteries are divided at the root by  
penetrating the fibrous membrane (Fig.  7.11), 
and then the lymph nodes, even located at the  
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Fig. 7.11  Fibrous membrane of the aorta and proper 
oesophageal artery. sn fine branches of the right trunk of 
sympathetic nerve, rp right mediastinal pleura, fm fibrous 
membrane covering the aorta (The tip of the membrane 
turning up and down by the retraction of the oesophagus), 
vs aortic vascular sheath under the membrane, poa proper 

oesophageal artery (In right upper, the artery is clipped 
together with fine sheath at its root), o the fine sheath is 
opened, a the proper oesophageal artery is exposed, n the 
fine nerve runs parallel with the artery and fixes the lymph 
node, ln lymph node, lp left mediastinal pleura
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Fig. 7.12  Thoracic 
duct. rp cut edge of right 
mediastinal pleura, fm 
fibrous membrane 
(encases thoracic duct 
together with the aorta), 
l ligation on the thoracic 
duct, ov fine vessel on 
the oesophagus, right 
upper shows the 
particular appearance of 
the stump of the thoracic 
duct because of its 
intramural smooth 
muscle
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left side of the aorta, are dissected. This maneu-
ver enables total mobilization of the mesoesoph-
agus, which Cuesta et al. has demonstrated [7]. 
Because the thoracic duct is covered with this 
fibrous membrane, this fibrous membrane should 
be divided for combined resection of the duct 
(Fig. 7.12). At the level of the pulmonary hilum, 
the lymphatic collecting ducts from  the chest 
wall and the mediastinum, draining into the tho-
racic duct as depicted (Fig. 7.13).

7.4	 �Mobilization of the Ventral 
Aspect of the Oesophagus

The right mediastinal pleura is divided along the 
ventral aspect of the oesophagus to the oesopha-
geal hiatus. The right vagal nerve is divided at the 
level of tracheal bifurcation, just caudal to the 
pulmonary branches. The oesophagus is mobi-
lized from trachea by dividing the neural and vas-
cular communications between bilateral edges of 
tracheal cartilage and oesophagus. There is no 
vascular communications between membranous 
part of the trachea and the oesophagus. As anat-
omy of the frontal aspect of the oesophagus is 
very simple caudal to the carina, dissection 

exposing the pericardium can be performed 
easily—without bleeding requiring hemostasis. 
At the level of the tracheal bifurcation, the 
oesophagus contacts with membranous part of 
the left main bronchus and is fixed to  the  left 
vagal nerve and branches of the bronchial artery 
coming from the left side of the oesophagus. By 
using the magnified view, the oesophagus is 
found to be fixed with muscular structures. A 
bundle of the longitudinal muscle of the oesopha-
gus separates from the wall, runs cranially and 
inserts on the left edge of the cartilage of the tra-
cheobronchus (the oesophagotracheal muscle), 
the left mediastinal pleura (the oesophagopleu-
ral muscle), and the pericardium (no anatomical 
terminology yet, namely the oesophagopericar-
dial muscle) (Fig.  7.14). The embryological 
development of the oesophagus is completed by a 
union between the prolonged pharyngeal bud and 
the stomach bud at the level of the tracheal bifur-
cation. It is a likelihood that in this process a part 
of the outer muscle may separate from  the 
oesophagus, runs cranially and inserts on the 
mediastinal structures. This fact indicates that the 
ventral aspect of the oesophagus should be mobi-
lized caudo-cranially, otherwise the oesophageal 
wall is torn.
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collecting duct. td 
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collecting duct from the 
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collecting duct is as seen 
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because of its intramural 
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7.5	 �Dissection of the Left 
Recurrent Nodes

Following mobilization of the dorsal and left 
aspects of the esophagus, the tracheobronchus is 
retracted ventrally to separate from the now dor-
sally retracted oesophagus. The right oesophago-
tracheal fibrous band is excised (Fig. 7.15)  and 
the trachea is gradually retracted ventrally and 
rotated to the left applying the retractor on the 
right edge of the tracheal cartilage in order to 
expose the left side. When the left oesophagotra-
cheal fibrous band is excised, and with the aid of 
the angulated camera and progressive dorsal 
retraction of the oesophagus, the dissection is 
continued on the left side of the cartilage part of 
the trachea where the fine pretracheal branches of 
the left recurrent laryngeal nerve are cut. As a 
result  of this, the sympathetic cardiac branches 
from the cervical ganglion are recognized under 
the fine membrane (Figs. 7.1 and 7.16). Because 
there is no vessel penetrating this fine membrane, 
mobilization of the tissue from this membrane 
can be performed bluntly without any bleeding. 
Following this mobilization, the left recurrent 
laryngeal nerve together with its surrounding 
lymph nodes can be retracted dorsally by 

retracting the oesophagus and applying traction 
on the oesophageal branches of the nerve 
(Fig.  7.16). This improves the exposure which 
facilitates further cranial dissection. Superiorly 
in the neck, several fine branches arising from the 
left recurrent laryngeal nerve give this area a 
characteristic appearance like a rake signifying 
the upper limit of the thoracic dissection. Finally, 
the left recurrent nerve is separated from the tis-
sue including the lymph nodes and the oesopha-
gus by dividing 5–10 of its oesophageal branches. 
For safe and complete isolation of the nerve, its 
epineurium (Figs. 7.3 and 7.17), which appears 
glossy with fine vessels running longitudinally 
should be exposed. After total isolation of the left 
recurrent laryngeal nerve, the left side of the lym-
phatic tissue is dissected   by exposing the left 
subclavian artery and dividing the thoracic duct 
as it approaches the left subclavian artery. 
Overall, anatomical boundaries for the dissection 
of the left recurrent laryngeal lymph nodes 
include the left side of the cartilage part of the 
trachea, cardiac branches of sympathetic nerve, 
the left subclavian artery and the left mediastinal 
pleura where en-bloc resection without direct 
traction on the recurrent laryngeal nerve forms 
the main surgical principle.
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7.6	 �Dissection of the 
Tracheobronchial Nodes

For dissection of the infracarinal nodes—as the 
most lateral nodes are fixed toward the pulmo-
nary hilum (Fig. 7.7)—the fixation of the most 
right lateral node is divided with energy devices 
first. The avascular frontal aspect of the nodes 
is mobilized from the pericardium. Then the 
nodes are retracted contra-laterally to the right 
main bronchus and the fixation of the nodes is 
divided from the right main bronchus. At the 
tracheal bifurcation, the branch of bronchial 
artery enters the nodes ventrally and the 
branches of the vagal nerve fix the nodes dor-
sally. After getting the mobility of the nodes by 
dividing these fixations, the nodes are retracted 
contra-laterally to the left main bronchus, and 
then are dissected by dividing the fixation to the 
left main bronchus. It can be reported that the 
anomaly of right pulmonary vein is observed in 
0.3–9% of the patients. The anomaly of V2  

(the vein from pulmonary segment 2) is the 
most frequent and V6 (the vein from pulmonary 
segment 6) is the second [8]. The anomaly vein 
runs on the membranous part of the right main 
bronchus and among the subcarinal nodes, and 
penetrates the pericardium to the left atrium 
(Fig.  7.18). Careful observation by CT 
scan enables the surgeon to avoid the injury of 
the anomaly vein during the dissection. 
Fortunately for oesophageal surgeons, this 
anomaly is seldom seen on the left side.

In the aortobronchial window, the left side of 
the cartilage part of tracheobronchus is exposed 
first. Then the nodes are retracted contra-later-
ally to the posterior aspect of the pulmonary 
artery, and dissected by dividing the branch of 
the bronchial artery and the nerve coming from 
the lesser curvature of the aortic arch (Fig. 7.19). 
Particular care must be taken not to pull out the 
left bronchial arteries from the lesser curvature 
of the aortic arch because bleeding here can be 
fatal.
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7.7	 �Efficacy of Thoracoscopic 
Approach

Originally, the thoracoscopic approach tended to be 
indicated initially for pre-invasive cases. Then the 
indication became similar to that of open surgery, 
excepting where extensive pleural adhesion pre-
vented camera insertion, suspicion of contiguous 
tumor spreading to the adjacent vital organs, and 
due to a patient’s choice. The recent population-
based analyses revealed that a bit more than 30% of 
oesophagectomy treatments for cancer are being 
performed thoracoscopically and the percentage of 
use is still  increasing [9–11]. However, the high 
level evidence vindicating thoracoscopic approach 
is not sufficient, because of plethoric heterogeneity 
in choosing an approach, such as either Ivor Lewis 
or Mckeown, either transthoracic or transhiatal, 
prone position  or left lateral  position, and either 
laparotomy or laparoscopy (hybrid type of interven-
tions), etc. Only one prospective randomized con-
trol trial  [12] and five meta-analyses [13–17] 
evaluating the benefits of thoracoscopy over open 
surgery are  available. The peer-randomized trial 
done by Cuesta et al. [12] revealed that the mini-
mally invasive group patients had lower incidence 
of pulmonary infection and higher quality of life 
postoperatively without any adverse effects com-
paring open surgery. Although the duration of pro-
cedure was significantly longer in the minimally 
invasive group than in the open group, blood loss 
was less significantly. Following feasibility tests, 
case-studies and cohort-studies have reported that 
the benefits of thoracoscopic oesophagectomy 
compared to  open surgery are very similar. Also the 
five meta-analyses [13–17] and the recent reviews 
[18, 19] revealed the superiority of thoracoscopic 
surgery in reducing postoperative pulmonary com-
plication, blood loss, the length of hospitalization, 
and the deterioration of the postoperative quality of 
life. One retrospective study on thoracoscopy 
showed how it preserved the pulmonary function 
better than open surgery [20]. Notwithstanding, 
among the three population-based analyses, two did 
report thoracoscopic oesophagectomy negatively. 
The British study demonstrated there was no sig-
nificant difference in the outcome between the min-
imally invasive group and open group, excepting 
the former having a  significant higher risk of 
reintervention with increasing odds ratio coming 

about at each progressive study year [9].  
The other study from Japan revealed that, compar-
ing with open surgery, minimally invasive oesopha-
gectomy was associated with higher incidence of 
overall morbidities (40.8% vs. 44.3%), anastomotic 
leakage (12.5% vs. 14.9%), and reintervention 
(5.6% vs. 8.0%) [10]. 

Our conjecture is that cause of variance with 
the other studies is that thoracoscopic oesopha-
gectomies done by surgeons in their learning 
phase inevitably influenced these population-
based analyses. The operative and in-hospital 
mortality after oesophagectomy is conversely 
related with hospital volume [21] and the same 
outcome is seen after thoracoscopic oesophagec-
tomy. The outcome of oesophagectomy strongly 
depends on a surgeon’s experience. When it is 
performed thoracoscopically, surgeons require 
additional experience and skills. We note that 
only well-trained surgeons were involved in the 
case-studies and cohort-studies, as well as in the 
randomized control study. Studying our own 
experience, we can say that the learning curve was 
not steep so that the basic skills for thoracoscopic 
oesophagectomy could be acquired during the 
first 17 cases; to which we add that the most sig-
nificant event in the learning curve came between 
the first 36 cases and the rest [22]. Our reflection 
is that by after proper learning, thoracoscopy will 
become effective. Also, we note that the surgeons 
experience was the only independent factor reduc-
ing postoperative pulmonary complication (risk 
of pulmonary infection % = 31.1 – 0.4 × number 
of experienced cases) [22]. However, with the 
proper instruction by the expert surgeon the learn-
ing curve could steepen safely [23]. In order to 
perform thoracoscopic oesophagectomy effec-
tively and safely, the dedicated team (of at least 
with two surgeons, whom learned well how to 
perform the minimally invasive surgery at a center 
of excellence) has to be organized [24]. Oncologic 
adverse effect were not observed by meta-analy-
ses. Thoracoscopic approach did not spoil the 
quality of mediastinal dissection, retrieval of 
mediastinal nodes, and the survival. Our patient 
survival rate after thoracoscopic oesophagectomy 
was 92, 88, 69, 52, and 24% at 5-years for pStage 
0, 1, 2, 3, and 4, respectively. The indication was 
the same as with open surgery and the perioperative 
treatment was neoadjuvant and/or adjuvant 
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chemotherapy. Although the data are retrospec-
tive, the survival is favorably compared with open 
oesophagectomy and is similar to that of gastric 
cancer. A retrospective study reported the thora-
coscopic approach as an independent factor for 
better survival together with less T-factor and 
node negative [25]. However, the evidence of 
oncologic superiority of thoracoscopy over open 
surgery is still being evaluated with pragmatic-
randomized control trials.

Apart from quantitative evaluation of thora-
coscopy, the quality of dissection has been 
improving by understanding the mediastinal 
anatomy in vivo under the magnified view. The 
novel anatomical knowledge as enhanced through 
thoracoscopy can be valuable feedback in open 
surgery in order to improve the quality of medias-
tinal dissection. In this chapter, the focus has 
been on the microanatomy usually recognized in 
patients not previously radiated. It is supposed 
that in those patients with neoadjuvant treatment, 
especially involving radiation, fine anatomy may 
become obscure because of mediastinal fibrosis. 
Nevertheless, understanding the innate micro-
anatomy is essential for performing an ideal 
oesophagectomy, even in those patients with dif-
ferent grades of  mediastinal fibrosis  caused by 
neoadjuvant therapy.
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Total or Hybrid Minimally Invasive 
Esophagectomy?

Christophe Mariette

8.1	 �Introduction

Oesophageal cancer’s global incidence continues 
to increase rapidly. In Western society this is 
reflected by an increasing incidence of oesopha-
geal adenocarcinomas, with the epidemiological 
shift felt to be related to increased obesity, gastro-
oesophageal reflux disease, and Barrett’s oesopha-
gus—the dominant risk factors for the development 
of this tumour. Surgical resection with radical 
lymphadenectomy, usually after the administra-
tion of neoadjuvant chemotherapy or chemoradio-
therapy, remains the key component in the 
multimodality treatment of oesophageal cancer. 
Oesophagectomy is a complex surgical procedure 
for which the mortality rates have historically been 
significant [1]. In the modern practice of high vol-
ume centres with appropriate multidisciplinary 
teams, the mortality rate after oesophageal resec-
tion has been reduced significantly [2]. Despite 
this boon, it remains an operation associated with 
substantial rates of morbidity. Hence, minimally 

invasive surgery has been championed in the pre-
vious three decades as a means of reducing post-
operative morbidity for a variety of oncological 
gastrointestinal resections. Concerning oesopha-
geal resection, it has been hoped that the applica-
tion of minimally invasive surgery may similarly 
reduce postoperative morbidity and mortality. By 
the early 1990s, some surgeons had developed and 
used protocols for thoracoscopic oesophagectomy, 
initially restricting its use to T1 and T2 oesopha-
geal cancer without neoadjuvant chemoradiation 
[3, 4]. Subsequently, indications for minimally 
invasive oesophagectomy (MIO) have been 
expanded to include more advanced disease, irre-
spective of the whether patients have received neo-
adjuvant treatments.

The techniques representing minimally inva-
sive approaches to oesophageal resection vary 
widely. Many authors have described totally min-
imally invasive approaches (thoracoscopy and 
laparoscopy) whilst others describe hybrid proce-
dures where one stage of the operation is per-
formed either by thoracoscopy or laparoscopy 
and the other by conventional open surgery.

Why, unlike other minimally invasive proce-
dures, has MIO not been broadly adopted? 
Regardless what approach is used, MIO remains a 
very complex operation with many questions 
remaining unanswered as to the real advantages 
of applying a minimally invasive technique for 
resection of a disease that often is advanced at the 
time of surgery. Whereas the feasibility and safety 
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of MIO have been assessed in a prospective phase 
II multicenter study [5], yet the mortality, morbid-
ity, oncological radicality, reproducibility and the 
cost of the procedure remain topics under debate 
for implementing MIO.  Many retrospective and 
comparative non-randomized studies, as included 
in some recent meta-analyses focusing on the role 
of MIO [6–10], have been conducted. Given only 
two randomized trials have been reported to date, 
uncertainty remains about the advantages of MIO 
compared to open oesophagectomy.

In the absence of meta-analyses of random-
ized controlled studies, this chapter appraises the 
available literature regarding the short-term peri-
operative and long-term oncological outcomes 
for patients undergoing MIO for cancer, with a 
focus on the total versus hybrid approaches.

8.2	 �MIO Techniques

As there has never been a consensus regarding 
the superiority of any of the various open oesoph-
agectomy techniques, it comes as no surprise that 
agreeing on what constitutes the best minimally 
invasive approach is difficult.

Totally minimally invasive approaches to 
oesophageal resection attempt to replicate estab-
lished open procedures. A minimally invasive 
transhiatal technique utilizes laparoscopic 
abdominal dissection and preparation of the gas-
tric conduit followed by a cervical anastomosis 
created via a traditional open approach in the 
neck. Mediastinal dissection of perioesophageal 
lymph nodes, including those in the subcarinal 
station, can be assessed through the hiatus using 
the lighting and magnification afforded by the 
laparoscopic camera. The oesophageal specimen 
can be removed through the neck incision. Some 
surgeons prefer to combine the laparoscopic tran-
shiatal approach with a mini-laparotomy to facil-
itate gastric tube creation as well as to remove the 
specimen. Finally, the oesophagus can also be 
removed from the mediastinum via an inversion 
technique with or without division of the vagus 
nerve. As with open surgery, many surgeons pre-
fer a thoracoscopic approach, typically per-
formed through the right chest, with patients 
positioned in lateral decubitus or prone positions. 

Thoracoscopy can be used as a part of a three-
stage MIO, where the procedure begins in the 
chest and ends with laparoscopy and a cervical 
anastomosis, or as part of the two-stage Ivor 
Lewis oesophagectomy where the oesophagogas-
tric anastomosis resides in the chest. In this pro-
cedure, the specimen is removed through a 
mini-thoracotomy, and the anastomosis is created 
at the apex of the chest.

Combinations of open and minimally invasive 
techniques (hybrid techniques) are perhaps more 
widely utilized, such as laparoscopy with thora-
cotomy or thoracoscopy with laparotomy. These 
hybrid techniques are applied for a variety of rea-
sons and may be necessitated by oncological 
considerations, prior surgery in either cavity, sur-
geon experience and surgeon preference.

Although the goal of MIO is to perform an 
equivalent operation to the open procedure with-
out omitting any critical steps, some aspects con-
sidered as routine for open oesophagectomy have 
fallen out of favour with many surgeons, such as 
performance of a pyloroplasty and jejunostomy 
placement.

8.3	 �MIO Postoperative 
Outcomes

The primary goal of MIO is to decrease surgical 
morbidity associated with the open approach. 
Except sparse data coming from randomized con-
trolled trials to be further detailed [11–13], most 
data derives from retrospective or prospective non-
randomized series. These suggest that mortality 
rates appear equivalent or even lower in large com-
parative cohorts, with some evidence of a reduced 
postoperative complication rate favouring the 
minimally invasive approach (Tables 8.1 and 8.2). 
It is likely that the benefits of MIO may be over-
shadowed by the persistent rate of significant mor-
bidity, which continues to occur independent of 
surgical approach. It seems conceivable that in the 
absence of such complications, patients with a 
minimal-access approach enjoy quicker recovery, 
a quicker return to normal activities and decreased 
long-term pain when compared to patients with 
similarly uncomplicated open procedures. This, 
however, has yet to be proven.
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Table 8.1  Mortality and overall morbidity of minimally invasive and open oesophagectomy

Authors n Approaches

Mortality Overall morbidity

n (%) n (%)

Law et al. [14] 22 MIO (TSO) 0 18 (81.8)

63 Open 0 63 (100)

Nguyen et al. [15] 18 MIO (TLSO) 0 7 (38.9)

36 Open 0 19 (52.8)

Osugi et al. [16] 77 MIO (VATS) 0 31 (40.3)

72 Open 0 32 (44.4)

Kunisaki et al. [17] 15 MIO (VATS + HALS) 0 NS

30 Open 0 NS

Van den Broek et al. [18] 25 MIO (THO) 0 14 (70)

20 Open 0 18 (72)

Bresadola et al. [19] 14 MIO (THO and TLSO) 0 8 (57.1)

14 Open 0 6 (42.9)

Bernabe et al. [20] 17 MIO (THO) 0 NS

14 Open 0 NS

Shiraishi et al. [21] 116 MIO (TLSO) 3 (2.6) NS

37 Open 3 (8.1) NS

Braghetto et al. [22] 47 MIO (VATS/LSO) 3 (6.3) 18 (38.2)

119 Open 13 (10.9) 72 (60.5)

Smithers et al. [23] 332 MIO (TLSO) 7 (2.1) 207 (62.3)

114 Open 3 (2.6) 76 (66.7)

Fabian et al. [24] 22 MIO (TLSE) 1 (4.5) 15 (68.2)

43 Open 4 (9.8) 31 (72.1)

Zingg et al. [25] 56 MIO (TLSO) 2 (3.6) 19 (34.5)

98 Open 6 (6.1) 20 (23.5)

Perry et al. [26] 21 MIO (LIO) 0 13 (62)

21 Open 1 (5) 17 (81)

Parameswaran et al. [27] 50 MIO (TLSO) 1 (2) 24 (48)

30 Open 1 (3) 15 (50)

Pham et al. [28] 44 MIO (TLSO) 3 (6.8) NS

46 Open 2 (4.3) NS

Schoppman et al. [29] 31 MIO (TLSO) 0 11 (35.5)

31 Open 0 23 (74.2)

Singh et al. [30] 33 MIO (TLSO) Values NS Values NS

31 Open p = 0.34 P = 0.06

Mamidanna et al. [31] 1155 MIO (TLSO, HMIO) 46 (4.0) NS

6347 Open 274 (4.3) NS

Ben-David et al. [32] 100 MIO (TLSO) 1 (1) NS

32 Open 2 (5) NS

Briez et al. [33] 140 MIO (HMIO) 2.1 35.7

140 Open 12.9 59.3

Xie et al. [34] 106 MIO (TLSO) 2 (1.9) 28 (26.4)

163 Open 4 (2.5) 56 (34.4)

Hsu et al. [35] 66 MIO (TLSO) 5 (7.6) NS

63 Open 5 (7.9) NS

MIO minimally invasive oesophagectomy, VATS video-assisted thoracoscopic oesophagectomy, HMIO hybrid MIO, 
HALS hand-assited laparoscopic oesophagectomy, TSO thoracoscopic-assisted oesophagectomy, TLSO thoracolaparo-
scopic oesophagectomy, LIO laparoscopic inversion oesophagectomy, LSO laparoscopic oesophagectomy, NS not stated
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Table 8.2  Comparison of rates of morbidities for MIO and open oesophagectomy

Authors n Approaches

Pneumonia

Cardiac 

arrhythmia

Anastomotic 

leak

Gastric 

conduit 

ischemia Chylothorax Length of 

stay (days)

Operative 

blood loss 

(mls)

Operative 

time (min)n (%) n (%) n (%) n (%) n (%)

Law et al. 

[14]

22 MIO 

(TSO)

3 (13.6) 3 (13.6) 0 NS NS NS 450 

(200–800)

240 

(160–350)

63 Open 11 (17.5) 14 (22.2) 2 (3.2) NS NS NS 700 

(300–2500)

250 

(190–420)

Nguyen 

et al. [15]

18 MIO 

(TLSO)

2 (11.1) NS 2 (11.1) 0 0 11.3±14.2 297±233 364±73

36 Open 6 (16.7) NS 4 (11.1) 1 (2.8) 1 (2.8) 22.8±18.0 1108±790 411±93

Osugi 

et al. [16]

77 MIO 

(VATS)

12 (15.6) 1 (1.3) 1 (1.3) 0 3 (3.9) NS 284 (330) 227 (90)

72 Open 14 (19.4) 3 (4.2) 2 (2.8) 0 0 NS 310 (170) 186 (35)

Kunisaki 

et al. [17]

15 MIO 

(VATS + 

 HALS)

0 NS 2 (13.3) NS NS 29.6±12.9 447.9 

(±214.8)

544.4 

(±64.5)

30 Open 1 (3.3) NS 1 (3.3) NS NS 32.7±14.0 674.7 

(±445.6)

487.8 

(±97.8)

Van den 

Broek 

et al. [18]

25 MIO 

(THO)

2 (8) NS 2 (8) 0 2 (8) 16 NS NS

20 Open 2 (10) NS 3 (15) 0 0 16 NS NS

Bresadola 

et al. [19]

14 MIO 

(THO  

and 

TLSO)

1 (7.1) NS 1 (7.1) NS 0 16.4 

(±8.4)

NS 469.0 

(±42.6)

14 Open 2 (14.2) NS 2 (14.2) NS 0 22.3 

(±10.6)

NS 370.8 

(±16.7)

Bernabe 

et al. [20]

17 MIO 

(THO)

NS NS NS NS NS 9.1 (±3.2) 331 (±220) 336 (±53)

14 Open NS NS NS NS NS 11.6 

(±2.9)

542 (±212) 388 

(±102)

Shiraishi 

et al. [21]

116 MIO 

(TLSO)

25 (21.6) 3 (2.6) 13 (11.2) NS NS NS 670.2 

(±561.1)

426.0 

(±87.1)

37 Open 12 (32.4) 4 (10.8) 9 (24.3) NS NS NS 487.4 

(±110.5)

487.4 

(±110.5)

Braghetto 

et al. [22]

47 MIO 

(VATS/

LSO)

7 (14.8) NS 3 (6.4) 0 1 (2.1) NS NS NS

119 Open 22 (18.5) NS 17 (14.3) 1 (0.8) 0 NS NS NS

Smithers 

et al. [23]

332 MIO 

(TLSO)

87 (26.2) 55 (16.6) 18 (5.4) 5 (1.5) 17 (5.1) 11 (7–49) 300 

(15–1000)

330 

(270–540)

114 Open 35 (27.8) 21 (18.4) 10 (8.7) 2 (1.7) 7 (6.1) 14 (8–44) 600 

(0–3000)

300 

(150–480)

Fabian 

et al. [24]

22 MIO 

(TLSE)

1 (4.5) 4 (18.2) 3 (13.6) 1 (4.5) 0 9.5 178 (±96) 333 (±72)

43 Open 10 (23.3) 8 (18.6) 3 (7.0) 0 2 (4.7) 11 356 (±136) 270 (±87)

Zingg 

et al. [25]

56 MIO 

(TLSO)

17 (30.9) NS NS NS NS 19.7 

(±2.0)

320 (±49) 250 (±7.2)

98 Open 33 (38.8) NS NS NS NS 21.9 

(±2.0)

857 (±82) 209 (±7.8)

Perry 

et al. [26]

21 MIO 

(LIO)

1 (5) 4 (19) 4 (19) NS NS 10 (8–14) 168 (149) 399 (86)

21 Open 2 (10) 7 (33) 6 (29) NS NS 14 

(10–19)

526 (289) 408 (127)
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Table 8.2  (continued)

Authors n Approaches

Pneumonia

Cardiac 

arrhythmia

Anastomotic 

leak

Gastric 

conduit 

ischemia Chylothorax Length of 

stay (days)

Operative 

blood loss 

(mls)

Operative 

time (min)n (%) n (%) n (%) n (%) n (%)

Parame

swaran 

et al. [27]

50 MIO 

(TLSO)

4 (8) NS 4 (8) 5 (16) 3 (6) 12 (8–86) NS 442 

(305–580)

30 Open 2 (7) NS 1 (3) 2 (10) 1 (3) 10 (6–56) NS 266 

(219–390)

Pham 

et al. [28]

44 MIO 

(TLSO)

11 (25) NS 4 (9) 1 (2) NS 15 

(12–20)

407 (±267) 543 (72.6)

46 Open 7 (15) NS 5 (11) 1 (2) NS 14 

(11–23)

780 (± 610) 437 (97.0)

Schoppman 

et al. [29]

31 MIO 

(TLSO)

2 (6.2) NS 1 (3.2) 0 2 (6.4) NS NS 411 

(270–600)

31 Open 11 (35.5) NS 8 (25.8) 1 (3.2) 1 (3.2) NS NS 400 

(240–550)

Singh 

et al. [30]

33 MIO 

(TLSO)

NS NS NS NS NS No 

difference

Reduced 

after MIO

Longer for 

MIO

31 Open NS NS NS NS NS (p = 0.17) (p < 0.01) (p < 0.01)

Mamidanna 

et al. [31]

1155 MIO 

(TLSO, 

HMIO)

230 

(19.9)

102 (8.8) NS NS NS 15 

(12–23)

NS NS

6347 Open 1181 

(18.6)

611 (9.6) NS NS NS 15 

(12–22)

NS NS

Ben-

David 

et al. [32]

100 MIO 

(TLSO)

9 (9) 8 (8) 5 (5) NS 3 (3) 7.5 

(6–49)

125 

(100–300)

330 

(270–480)

32 Open 5 (15.6) NS 4 (12.5) NS NS 14 

(10–98)

NS NS

Briez 

et al. [33]

140 MIO 

(HMIO)

15.7 NS 5.7 0.7 NS 12 (8–80) NS NS

140 Open 42.9 NS 4.3 0.0 NS 16 

(8–180)

NS NS

Xie et al. 

[34]

106 MIO 

(TLSO)

2 (1.9) NS 5 (4.7) NS 4 (3.8) 11.8 

(±6.7)

187.2 

(±37.8)

249.6 

(±41.7)

163 Open 8 (4.9) NS 6 (3.7) NS 5 (3.1) 13.9 

(±7.3)

198.5 

(±46.5)

256.3 

(±41.7)

Hsu et al. 

[35]

66 MIO 

(TLSO)

7 (10.6) NS 18 (27.3) NS 4 (6.1) NS 462.4 

(±467.8)

510.9 

(±121.3)

63 Open 16 (25.4) NS 19 (30.2) NS 3 (4.8) NS 615.5 

(±591.6)

460.5 

(±92.4)

MIO minimally invasive oesophagectomy, VATS video-assisted thoracoscopic oesophagectomy, HMIO hybrid MIO, 
HALS hand-assited laparoscopic oesophagectomy, TSO thoracoscopic –assisted oesophagectomy, TLSO thoracolaparo-
scopic oesophagectomy; LIO laparoscopic inversion oesophagectomy, LSO laparoscopic oesophagectomy, NS not stated

Results coming from five published meta-
analyses, based on non-randomized comparative 
data, are contradictory. Two did not find signifi-
cant differences between the MIO and the open 
approaches [36, 37] whereas three suggest that 
patients undergoing MIO had better postopera-
tive outcomes with no compromise in oncologi-
cal outcomes [8–10]. Patients undergoing MIO 
had significantly lower blood loss, and shorter 
postoperative ICU and hospital stay. There was a 

30–50% decrease in overall morbidity in the 
MIO group. Subgroup analyses demonstrated 
significantly lower incidence of medical related 
complications, especially respiratory complica-
tions after MIO. However, surgical related post-
operative outcomes such as anastomotic leak, 
anastomotic stricture, gastric conduit ischemia, 
chyle leak, and vocal cord palsy were globally 
comparable between the two techniques. 
Regarding postoperative mortality, the largest 
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meta-analysis having included 48 studies and 
14,311 patients, identified a reduced incidence of 
intra-hospital postoperative mortality (OR 0.69, 
95% CI 0.55–0.89) [10]. This has been confirmed 
by a large French study that exhibited a reduction 
of 30-day (5.9% vs. 3.3%, p = 0.029) and 90-day 
(10.1% vs. 6.9%, p = 0.018) postoperative mor-
tality favouring the MIO approach [38].

8.4	 �MIO Oncological Outcomes

If MIO is to become the approach of choice, then it 
must demonstrate not to compromise oncological 
outcomes. Improved lighting and visibility, along 
with the magnification afforded by minimally inva-
sive equipment, may prove superior for meticulous 
dissection and lymph node harvest. However, not 
until large series report long-term survival by stage 
and pending published results of large randomized 
trials, the true oncologic value of MIO will remain 

controversial. Table  8.3 reflects the fact that no 
study to date has shown conclusive evidence of 
improved overall survival favouring a minimally 
invasive resection. Whilst several studies have sug-
gested a benefit in terms of lymph node harvest, yet 
many have failed to meet the broadly accepted rec-
ommendations of the number of lymph nodes that 
should be retrieved for optimum staging and prog-
nosis (Table 8.3). This puts into some question the 
quality of resection in several studies and makes 
oncological comparisons difficult. In a meta-analy-
sis comparing oncological outcomes of MIO versus 
open group, the median (range) number of lymph 
nodes found was higher in the MIO group (16 (5.7–
33.9)) compared to the open group (10 (3.0–32.8), 
p  =  0.04); whereas no statistical difference was 
found for survival within respective time interval, 
although the difference favoured the MIO group 
[9]. More data on oncological data outcomes is 
needed, especially from future randomized con-
trolled trials.

Table 8.3  Long-term oncological outcomes for MIO and open oesophagectomy

Authors N Approaches
Number of lymph nodes 
retrieved (median)

RO resection 
rate n (%) 3-year survival

Law et al. 
[14]

22 MIO (TSO) 7 [2–13] 10 62% (2 years)

63 Open 13 [5–34] NS 63% (2 years)

Nguyen et al. 
[15]

18 MIO (TLSO) 10.8±8.4 18 NS

36 Open 6.6±5.8 NS NS

Osugi et al. 
[16]

77 MIO (VATS) 33.9±12 NS 70%

72 Open 32.8±14 NS 60%

Kunisaki 
et al. [17]

15 MIO (VATS + HALS) 24.5±10 NS NS

30 Open 26.6±10.4 NS NS

Van den 
Broek et al. 
[18]

25 MIO (THO) 7±4.9 21 (84) 60% (f/u 17±11 months)

20 Open 6.5±4.9 18 (90) 50% (f/u 
54±16 months)

Bresadola 
et al. [19]

14 MIO (THO/TLSO) 22.2±12 NS NS

14 Open 18.6±13.4 NS NS

Bernabe 
et al. [20]

17 MIO (THO) 9.8 (NS) NS NS

14 Open 8.7 (NS) NS NS

Shiraishi 
et al. [21]

116 MIO (TLSO) 31.8 (NS) NS NS

37 Open 30.1 (NS) NS NS

Braghetto 
et al. [22]

47 MIO (VATS/LSO) NS NS 45.5%

119 Open NS NS 32.5%

Smithers 
et al. [23]

332 MIO (TLSO) 17 [9–33] 263 42%

114 Open 16 [1–44] 90 30%

Fabian et al. 
[24]

22 MIO (TLSE) 15±6 22 (100) NS

43 Open 8±7 NS NS
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8.5	 �Results from Two 
Randomized Controlled Trials

Up till now, results of two multicentre ran-
domised controlled trials have been reported 
comparing the results of minimally invasive and 
open oesophagectomy [11–13]: the TIME trial 
and the MIRO trial.

The TIME trial randomly assigned 56 
patients to open oesophagectomy and 59 to a 
minimally invasive operation with all patients 
receiving equivalent neoadjuvant chemotherapy 
or chemoradiotherapy regimes. Both minimally 
invasive and open surgical groups had a mixture 
of two-stage and three-stage operations with the 
majority of patients having a cervical anastomo-
sis. The primary outcome measure chosen was 
pulmonary infection within 2 weeks of surgery 

defined by clinical manifestation of pneumonia 
confirmed by radiological imaging and a posi-
tive sputum sample. Sixteen patients (29%) in 
the open surgical group and five (9%) patients in 
the minimally invasive group (p = 0.005) devel-
oped pneumonia in the first two postoperative 
weeks. These results suggest a significant bene-
fit in terms of respiratory complications in 
favour of the minimally invasive approach, even 
if some qualifications could be made [39]. Mid-
term 1-year results were recently reported with 
a high rate of symptomatic anastomotic steno-
sis, which was similar between the MIO and the 
open group (44% vs. 39%), and a better quality 
of life in favor of MIO for the physical compo-
nent summary of the SF 36 questionnaire, 
EORTC C30 global health domain and OES18 
pain domain [40].

Authors N Approaches
Number of lymph nodes 
retrieved (median)

RO resection 
rate n (%) 3-year survival

Zingg et al. 
[25]

56 MIO (TLSO) 5.7±0.4 NS Median survival – 
35 months MIO 
29 months Open

98 Open 6.7±0.5 NS

Perry et al. 
[26]

21 MIO (LIO) 10 [4–12] NS NS

21 Open 3 [0–7] NS NS

Parameswaran 
et al. [27]

50 MIO (TLSO) 23 [7–49] NS 74% (2 year survival)

30 Open 10 [2–23] NS 58% (2 year survival)

Pham et al. 
[28]

44 MIO (TLSO) 13 [9–15] NS NS

46 Open 8 [3–14] NS NS

Schoppman 
et al. [29]

31 MIO (TLSO) 17.9±7.7 29 (93.5) 64%

31 Open 20.5±12.6 30 (96.8) 46%

Singh et al. 
[30]

33 MIO (TLSO) 14 (6–16) 30 55% (2 year survival)

31 Open 8 (3–14) 30 32% (2 year survival)

Mamidanna 
et al. [31]

1155 MIO (TLSO/HMIO) NS NS NS

6347 Open NS NS NS

Ben-David 
et al. [32]

100 MIO (TLSO) NS 99 (99) NS

32 Open NS 32 (100) NS

Briez et al. 
[33]

140 MIO (HMIO) 22 [8–53] 85.7 58% (2 year survival)

140 Open 22 [6–56] 87.9 57% (2 year survival)

Xie et al. 
[34]

106 MIO (TLSO) 30.4 (±5.4) NS NS

163 Open 30.2 (±5.0) NS NS

Hsu et al. 
[35]

66 MIO (TLSO) 28.3 (±16.6) 64 (97.0) 70.9%

63 Open 25.9 (±15.3) 61 (96.8) 47.6%

MIO minimally invasive oesophagectomy, VATS video-assisted thoracoscopic oesophagectomy, HMIO hybrid MIO, 
HALS hand-assited laparoscopic oesophagectomy, TSO thoracoscopic-assisted oesophagectomy, TLSO thoracolaparo-
scopic oesophagectomy, LIO laparoscopic inversion oesophagectomy, LSO laparoscopic oesophagectomy, NS not stated

Table 8.3  (continued)
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The French multicenter phase III MIRO trial 
[12, 13] has randomised patients to either hybrid 
oesophagectomy (laparoscopic gastric mobilisa-
tion and open right thoracotomy) or open oesoph-
agectomy. The MIRO trial tested the impact of 
laparoscopic gastric conduit creation with open 
thoracotomy (hybrid procedure) on major 30-day 
postoperative morbidity, especially on pulmo-
nary complications. It hypothesised that hybrid 
MIO may decrease major postoperative morbid-
ity without compromising oncological outcomes 
through an easily reproducible surgical proce-
dure. Secondary objectives assessed the overall 
30-day morbidity, 30-day mortality, disease-free 
and overall survival, quality of life and medico-
economic analysis. The trial randomly assigned 
104 patients to open oesophagectomy and 103 to 
a hybrid approach group. Sixty-seven (64.4%) 
patients in the open group had major postopera-
tive morbidity compared with 37 (35.9%) in the 
hybrid group (OR 0·31, 95% CI 0·18–0·55; 
p = 0·0001). Thirty-one (30.1%) patients after an 
open operation had major pulmonary complica-
tions compared with 18 (17.7%) after a hybrid 
approach (p = 0·037), whereas the 30-day mortal-
ity rate was 1.9% vs. 1.0%, respectively. Medical 
related postoperative complications were signifi-
cantly lower in the hybrid approach (19.6% vs. 
39.8%), whereas the surgical related complica-
tions were not different between the groups even 
if favouring the hybrid group (14.7% vs. 20.4%). 
Regarding oncological outcomes, the 2-year 
overall survival rate (76.7% vs. 63.2%, p = 0.127) 
and disease-free survival rate (63.1% vs. 54.5%, 
p = 0.224) had not significantly improved in the 
MIO group. The MIRO results provide further 
evidence that a hybrid minimally invasive 
approach reduces the short-term insult of oesoph-
agectomy without a negative impact on long-
term oncological outcomes.

8.6	 �Total Versus Hybrid 
Oesophagectomy

Many authors reporting total minimally invasive 
approaches describe most as modifying the tech-
nique for avoiding the complexity of an intratho-

racic anastomosis and consequently performing 
systematically the anastomosis in the neck. 
Others describe hybrid procedures where one 
stage of the operation is performed—either by 
thoracoscopy or laparoscopy and the other by 
conventional open surgery. The thoracoscopic 
approach is the widely-used hybrid procedure 
reported, being based on the hypothesis that 
thoracic-incision-related pain is the prominent 
factor responsible for postoperative pulmonary 
complications. However, the hybrid thoraco-
scopic approach calls for a three-stage procedure 
with a cervical anastomosis and subsequent mor-
bidity. Others have reported a hybrid approach 
with laparoscopic gastric mobilization and open 
thoracotomy. This being based on the hypothesis 
that the high rate of postoperative complications 
after oesophagectomy—especially respiratory 
complications—is more related to the combina-
tion of two surgical incisions on both sides of the 
diaphragm than to the thorax opening, and hence 
is responsible for deterioration of the ventilatory 
mechanisms [33].

Even with only one phase of the operation 
being minimally invasive, yet blood loss, overall 
morbidity and respiratory complications were 
still found to be lower in retrospective compara-
tive studies comparing open versus Hybrid MIO 
(HMIO) [8, 41]. This is consistent with open ver-
sus totally MIO analysis, and highlights the pur-
ported advantages of applying a minimally 
invasive approach to oesophagectomy. 
Postoperative mortality was also found to be sig-
nificantly reduced with laparoscopic gastric 
mobilization [33, 38], offering similar oncologi-
cal outcomes.

Looking at the two randomized trials reported 
to date, the TIME trial comparing totally MIO 
versus open [11] and the MIRO trial comparing 
HMIO and open oesophagectomy [12, 13], simi-
lar conclusions can be drawn. We see comparable 
odd ratios reported for decreasing postoperative 
complications that were 0.30 [0.12–0.76] in the 
TIME trial versus 0.31 [0.18–0.55] in the MIRO 
trial. Regarding oncological results, only the 
MIRO trial reported long-term outcomes that 
were not significantly different between groups, 
slightly favouring HMIO [12, 13].
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HMIO—especially laparoscopic gastric mobi-
lization—appears easy, reproducible, and not 
requiring modification of the surgical technique; 
It appears feasible despite the tumour or patients’ 
characteristics or the centre experience, and does 
not compromise carcinologic resection, necessi-
tating probably a little learning curve.

Totally MIO increases complexity and conse-
quently brings a higher potential for error, 
requires according most reports modifications of 
the surgical technique with the need for a cervical 
anastomosis and its proper morbidity, needs very 
experienced hands, is time-demanding and prob-
ably is less easily reproducible. In addition, 
oncological safety of totally MIO is still a con-
cern at present time, with few data on long-term 
oncological outcomes reported, especially for 
locally advanced tumours.

Scientific comparison between MIO and 
HMIO is of huge scientific interest. However, 
considering the limited results of randomized tri-
als published, we can expect small differences 
while requiring a very large number of patients to 
be enrolled. More than placing MIO and HMIO in 
opposition, probably the more interesting course 
could be to choose one or the other approach 
according to the patient’s profile, the tumour 
extension and the centre/surgeon expertise.

�Conclusions

MIO has been gaining in popularity but—as 
seen with open surgery—no consensus has 
been reached regarding the superiority of any 
particular MIO adaptation. Even if some large 
comparative studies show a significantly better 
postoperative course following MIO harbour-
ing no compromise of oncological outcomes, 
yet more data from randomized trials is needed. 
Randomized trials, however, have drawbacks 
due to the wide variety of techniques available, 
the heterogeneity in surgeons’ preferences, the 
relative low number of procedures performed, 
the complexity of such surgery, and the variety 
and definition of postoperative complications 
after oesophagectomy. Certainly, the positive 
results of the TIME and the soon to be pub-
lished MIRO trial add credence to what many 
surgeons find intuitive—that a less invasive 
approach could reduce morbidity after oesopha-

gectomy. As the rates of postoperative mortality 
have fallen in specialist centres, our focus must 
turn to minimising the traditionally high level of 
morbidity associated with this operation.

To date, the data coming from non-
randomized studies do suggest MIO is safe, 
and at least is comparable to open resection 
for both surgical and oncological outcomes. 
Data from meta-analyses suggest that MIO 
may have advantages in terms of less blood 
loss, less time in intensive care, fewer pul-
monary complications and shorter hospital 
stay. However, the effect of MIO on quality 
of life and return to normal activity needs to 
be confirmed and medico-economic analy-
ses need to be performed. Hence, requiring 
more large randomized controlled trials of 
oesophagectomy.
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Transthoracic Esophagectomy 
Approach by Thoracoscopy: 3 or 2 
Stage?

James D. Luketich and M.N. Jaimes Vanegas

Esophageal cancer is the eighth most common 
cancer worldwide and the sixth leading cause of 
cancer-related deaths [1]. The incidence of 
esophageal cancer has been increasing dramati-
cally over the last few decades, and esophageal 
cancer affects more than 450,000 people world-
wide. Although squamous cell carcinoma pre-
dominates worldwide, in the western world this 
pronounced rise has been due to an increase in 
the incidence of adenocarcinoma of the esopha-
gus [2]. The number of new cases in the United 
States in 2016 is estimated to be 16,910 [3]. 
Esophagectomy is an important, potentially cura-
tive treatment for localized esophageal cancer, 
however it is a complex operation and the mor-
bidity and mortality are significant.

In a systematic review of literature, including 
more than 1100 patients, comparing minimally 
invasive esophagectomy (MIE) and open esopha-
gectomy, MIE was associated with decreased 
morbidity and a shorter hospital stay compared 
with open esophagectomy [4]. Regarding the 
location for the anastomosis, both cervical and 
intrathoracic anastomosis have potential benefits. 

With a cervical anastomosis the surgeon is able to 
reach a more proximal resection margin and, 
even though there is a higher cervical anastomotic 
leak rate, it has lower associated morbidity. On 
the other hand, with an intrathoracic anastomo-
sis, there tends to be a slightly higher rate of 
anastomotic leak, but also a lower incidence of 
recurrent laryngeal nerve (RLN) injury, and the 
ability to remove some of the potentially isch-
emic gastric tip as has been described in prior 
publications [5].

In an attempt to lower the morbidity related to 
esophagectomy, in 1996 we adopted at University 
of Pittsburgh Medical Center (UPMC) a mini-
mally invasive approach to esophagectomy.

Since 1996, we have performed over 2000 
minimally invasive esophagectomies. We have 
made several refinements to the MIE procedure 
that we believe significantly improved our surgi-
cal outcomes. It included the minimal handling 
of the final gastric conduit (no touch technique), 
keeping the width of the gastric conduit no 
smaller than 3  cm, selective application of an 
omental flap, and conversion from routine use of 
minimally invasive, three-hole esophagectomy to 
our new routine of minimally invasive Ivor Lewis 
esophagectomy. The Ivor Lewis, 2 stage MIE 
remains the mainstay in the surgical treatment of 
esophageal adenocarcinoma at UPMC [6].
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9.1	 �Gastric Conduit Concerns

Early in the UPMC experience, a very narrow 
gastric tube (2–2.5  cm in diameter) was trialed 
and was noted to be associated with an increase 
in gastric tip necrosis and anastomotic leaks. By 
increasing the diameter of the gastric conduit to a 
minimum of 3  cm, a decrease in anastomotic 
complications has been observed. It should be 
noted that this finding was somewhat anecdotal 
relatively early in our experience and was not 
part of a controlled trial of observations.

9.2	 �Omental Flap

Regarding the details of our omental flap, we create 
a 3-cm wide, 8–10 cm long omental pedicle, origi-
nating from the upper greater curvature of the 
stomach, laparoscopically. Key steps of the laparo-
scopic technique are, (1) identifying 2–3 arcades 
that branch off at right angles from the main gastro-
epiploic arcade, (2) preserving these branches as 
they traverse away from the greater curve out onto 
the omentum, (3) dissecting the fine adhesions 
between the undersurface of this omental flap and 
the transverse colon, (4) preventing a colonic enter-
otomy and avoiding damage to the blood supply of 
the omental flap, (5) tacking the distal tip of your 
new omental flap to the proximal gastric conduit, 
which will be pass into the chest via the hiatal 
opening with the newly created conduit. The pri-
mary disadvantage of laparoscopic harvest of an 
omental flap is that it can be time consuming (20–
30 min), especially in obese patients or those with 
adhesions from multiple prior surgeries. Currently, 
the omental flap technique is utilized selectively, 
most commonly in high-risk patients who have 
undergone neo-adjuvant chemoradiation.

9.3	 �Three Hole Considerations

A neck dissection and subsequent creation of a cer-
vical anastomosis has been associated with a higher 
rate of complications such as anastomotic leak, 
stricture, and injury to the RLN. This is particularly 
of concern in the setting of injury to RLN, which 
may have a profound impact on the risk of 

aspiration pneumonia due to poor clearance of pul-
monary secretions. Another disadvantage of the 
neck anastomosis is the additional length of con-
duit needed to reach this area resulting in a poten-
tial increase in anastomotic tension, a marginal 
blood supply to the gastric tip and subsequent isch-
emia at the tip of the gastric conduit, resulting in a 
higher incidence of anastomotic leaks.

9.4	 �Ivor Lewis Considerations

Due to the concerns enumerated above, and the 
fact that we were seeing an increase in tumors of 
the lower third of the esophagus, we began to 
perform minimally invasive, Ivor Lewis esopha-
gectomy more frequently in 2002, and reported 
our initial experience of 50 patients in 2006. In 
that report, we showed that a minimally invasive 
Ivor Lewis esophagectomy was feasible and that 
the technique was reproducible.

In an attempt to lower the morbidity related 
to the three hole esophagectomy, we adopted at 
our institution a minimally invasive Ivor Lewis 
approach. When we reviewed our experience 
with MIE in 2012, we reported on over 1000 
patients. We evaluated the general outcomes 
after MIE, and also were able to compare the 
modified McKeown minimally invasive 
approach to the MIE Ivor Lewis. At that time 
our McKeown approach included thoraco-
scopic esophageal mobilization and dissection, 
laparoscopic abdominal portion and a neck 
anastomosis [MIE-neck]. Our Ivor Lewis 
approach included a laparoscopic approach 
first followed by thoracoscopic surgery, and a 
chest anastomosis [MIE-chest]. The MIE-neck 
was performed in 481 patients (48%) and MIE-
Ivor Lewis in 530 patients (52%). The opera-
tive mortality was 1.68%. The median length 
of stay (8  days) and ICU stay (2  days) were 
similar between the two approaches. Mortality 
rate was 0.9%, and recurrent nerve injury was 
less frequent (1%) in the Ivor Lewis MIE group 
(P < 0.001).

Both approaches to MIE allowed an adequate 
lymph node resection (greater than 20), good 
postoperative outcomes, and low mortality 
regardless of the site of the anastomosis. 
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However, the MIE Ivor Lewis approach was 
associated with a reduced RLN injury and slight 
decrease in mortality to 0.9% [7].

9.5	 �Open Support of the Ivor 
Lewis Approach

One meta-analysis of more than 5000 patients 
comparing open Transhiatal versus open Ivor 
Lewis esophagectomy also found an increase in 
RLN injuries and anastomotic leak with a tran-
shiatal approach with a neck anastomosis [8]. 
Initially, while starting our institutional MIE 
experience, we performed the MIE with a tran-
shiatal approach but given the fact that complete 
mediastinal lymph node dissection was not pos-
sible in our hands, we rapidly adopted the addi-
tion of the VATS approach to a minimally 
invasive McKeown-type approach to perform the 
MIE [9]. However, as our experience grew, we 
were able to reduce the morbidity associated with 
RLN dysfunction by avoiding the neck dissec-
tion, and also noted the need for less length of our 
new gastric conduit and evolved to the minimally 
invasive Ivor Lewis approach.

9.6	 �Transhiatal Limitations

Orringer et al., in an important study of transhiatal 
esophagectomy (THE), reported the results in 
more than 2000 patients with an operative mortal-
ity rate that had steadily decreased with increasing 
hospital volume and surgeon experience, from 10 
to 1%. Similarly, he demonstrated that complica-
tions, such as RLN injury, decreased with increased 
volume from 32% in the period of 1978 to 1982 to 
1% to 2% in current era. These data point to the 
steep learning curve that many surgeons may 
experience if the neck approach is chosen [10]. 
Another factor to take into account in the current 
era of surgical training, is that many residents get 
minimal neck surgery experience during their gen-
eral surgical and thoracic surgical training. All of 
these factors have led us to a greater degree of 
comfort in performing and teaching esophagec-
tomy as an Ivor Lewis MIE at UPMC [7].

9.7	 �Epidemiology of Esophageal 
Cancer

Now a days, the vast majority of esophageal 
tumors that we encounter in the U.S.A and the 
Western world, are located in the distal esophagus 
and gastroesophageal junction, which makes high 
intrathoracic anastomosis usually adequate in 
regards to the proximal esophageal resection mar-
gin. For the purpose of this chapter, we will review 
in detail the surgical technique for MIE-neck 
anastomosis and MIE-thoracic anastomosis at 
UPMC, since on occasion a higher anastomosis is 
required depending on the nature of the esopha-
geal tumor or proximal extent of Barrett’s mucosa.

9.8	 �Operative Technique 
for MIE-Neck as Described 
in 2003 Outcomes Report 
of 222 Patients at Our 
Institution [9]

9.8.1	 �VATS Steps

The surgery starts with an esophagogastroduode-
noscopy (EGD) to make a final assessment of the 
tumor’s location and the gastric conduit’s suit-
ability for reconstruction. If the EGD, endoscopic 
ultrasound (EUS), or computerized tomography 
(CT) scan findings suggest gastric extension, T4 
local extension or possible metastases, we per-
form a staging laparoscopy or a thoracoscopy or 
both. Patients are then intubated with a double-
lumen tube and positioned in the left lateral decu-
bitus position. The surgeon stands on the right 
and the assistant on the left. Four to Five thoraco-
scopic ports are used (Fig. 9.1). A 10-mm camera 
port is placed at the seventh to eighth intercostal 
space, just anterior to the midaxillary line. 
A  5-mm port is placed at the eighth or nineth 
intercostal space, posterior to the posterior axil-
lary line, for the ultrasonic coagulating shears. 
A 10-mm port is placed in the anterior axillary 
line at the fourth intercostal space; this port is 
used to pass a fan shaped retractor to retract the 
lung anteriorly and allow exposure of the esopha-
gus. The last 5-mm port is placed just posterior to 
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the scapula tip; it is used to place instruments for 
retraction and counter-traction. In most patients a 
single retracting suture (0-Endostitch) is placed 
near the central tendon of the diaphragm and 
brought out through the inferior anterior chest 
wall through a 1-mm skin incision. Doing so pro-
vides downward traction on the diaphragm, 
allowing good exposure of the distal esophagus.

Next, the inferior pulmonary ligament is 
divided. The mediastinal pleura overlying the 
esophagus is divided up to the level of the azygos 
vein to expose the thoracic esophagus. An endo-
scopic stapler (Endo-GIA vascular load) is used to 
divide the azygos vein. Care is taken to preserve the 
mediastinal pleura above the azygos vein, leaving 
some degree of a mediastinal seal around the gas-
tric tube near the thoracic inlet, thereby minimizing 
the downward extension of a cervical leak into the 
chest. Circumferential mobilization of the esopha-
gus is performed up to the level of 1–2 cm above 
the carina, including all surrounding lymph nodes, 
periesophageal tissue and fat; the plane along the 
pericardium, aorta and contralateral mediastinal 
pleura up to but not including the thoracic duct and 
azygos vein laterally. Care is taken to clip any aor-
toesophageal vessels and to clip any lymphatic 
branches from the thoracic duct. A Penrose drain is 
placed around the esophagus to facilitate traction 
and exposure. The entire intrathoracic esophagus 
is  mobilized from the thoracic inlet to the 

diaphragmatic reflection. As the dissection pro-
ceeds toward the thoracic inlet, care is taken to stay 
near the esophagus to avoid trauma to the posterior 
membranous trachea and the recurrent laryngeal 
nerves. Care is also taken to avoid extending the 
distal dissection too low into the peritoneal cavity 
to avoid difficulty in maintaining pneumoperito-
neum during the abdominal dissection. Each inter-
costal space is injected with 1–2  mL of 0.5% 
bupivacaine with epinephrine. The lung is then 
inflated to search for any air leaks from the trachea, 
proximal bronchus, and re-expanded lung. We 
then, place a 28-F chest tube, close the thoracic 
ports, and turn the patient to the supine position.

9.8.2	 �Laparoscopic Steps

Prior to beginning the laparoscopic and neck 
phases of the McKeown approach, the double 
lumen tube must be switched to a single lumen 
tube to avoid excessive stiffness of the trachea 
during the neck dissection.

The surgeon remains on the patient’s right; the 
patient is positioned in steep reverse Trendelenburg. 
The arms are on arm boards approximately 30° 
away from the midline. Five abdominal ports (four 
5-mm and one 11-mm) are used (Fig.  9.2). The 
gastrohepatic ligament is divided; the right and left 
crura of the diaphragm are dissected. The stomach 

10 mm
10 mm

5 mm

5 mm © Jennifer Dallal,
James D.Lukethich, MD

Fig. 9.1  Video-assisted 
thoracoscopic surgical 
port sites. Reproduced 
with permission from 
the UPMC Heart, Lung 
and Esophageal Surgery 
Institute, University of 
Pittsburgh Medical 
Center, Pittsburgh, PA
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is mobilized by dividing the short gastric vessels 
using the harmonic scalpel. The gastrocolic omen-
tum is divided with care taken to preserve the right 
gastroepiploic arcade. The stomach is retracted 
superiorly, and the left gastric vessels are identi-
fied. The left gastric artery and vein can be divided 
from the retrogastric or lesser curve view, depend-
ing on the anatomy, using the Endo-GIA stapler 
(vascular load). We perform pyloroplasty in all 
cases. The harmonic scalpel is used to open the 
pylorus, and the Endo-stitch (2.0) is used to close 
the pylorus transversely. A gastric tube is then 
constructed by dividing the stomach starting at the 
lesser curve and preserving the right gastric ves-
sels with the Endo-GI stapler. The initial staple 
load is fired approximately 5-6 cm superior to the 
pylorus, preserving the right gastric artery. There 
may be some variability in the construction of the 
gastric tube based on the characteristics of the 
tumor. It may be necessary to construct a slightly 
more narrow tube or to resect some of the proximal 

stomach in tumors with significant gastric exten-
sion. If gastric extension of the tumor is significant 
on pre-op EGD or Laparoscopic staging proce-
dure, we generally prefer to resect more stomach 
and to make an intrathoracic anastomosis. For 
most patients in the 2003 report, there was mini-
mal gastric involvement. If extensive gastric cardia 
extension is present, it may be necessary to per-
form a colon interposition. If so, we prefer to do 
this via open laparotomy.

Currently, we prefer a gastric tube of 3 cm in 
diameter (Fig. 9.3). Extreme caution must be used 
when manipulating the gastric tube during mobili-
zation and stapling to avoid trauma. The most 
cephalad portion of the gastric tube is then attached 
to the esophageal and gastric specimen using two 
2.0 Endo-sutures. An additional superficial stitch 
may be placed on the anterior proximal gastric 
tube to facilitate orientation and prevent twisting 
as the tube is brought up into the neck. We also 
place a marking stitch at the point where the diam-
eter of the conduit enlarges somewhat near the 
lower antral reservoir. If performing an Ivor Lewis, 
when we retrieve the gastric conduit into the chest, 
we look for this transition stitch and try to main-
tain the antral reservoir completely within the 
abdomen. An omental flap is used only as part of 
the Ivor-Lewis approach.

A feeding jejunostomy tube is placed laparo-
scopically by first attaching a limb of proximal 
jejunum (35–40  cm distal to the ligament of 
Treitz) to the anterior abdominal wall in the left 
lateral mid-quadrant with the Endo-stitch (2.0). 
We add an additional 10-mm port in the right 
lower quadrant to facilitate suturing of the jeju-
num to the anterior abdominal wall. A laparo-
scopic j-tube kit is used (MIC jejunal feeding 
tube. HALYARD, Alpharetta, GA). Under direct 
laparoscopic vision, a large needle and the guide 
wire and catheter are directed into the loop of 
jejunum that has been tacked to the anterior 
abdominal wall. The entry site into the jejunum is 
carefully witzeled using 2-0 endo-stitches. The 
entry site of the needle catheter j-tube is tacked 
completely to the anterior abdominal wall for a 
distance of several centimeters to seal the area 
and to prevent torsion.

The last step in the abdominal operation is the 
dissection of the phrenoesophageal membrane. 

4 cm Open
incision

5 mm

5 mm
5 mm

5 mm

10 mm

© Jennifer Dallal,
James D.Lukethich, MD

Fig. 9.2  Abdominal port sites for laparoscopy. Cervical 
incision. Reproduced with permission from the UPMC 
Heart, Lung and Esophageal Surgery Institute, University 
of Pittsburgh Medical Center, Pittsburgh, PA
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Doing so at this stage helps to minimize the loss 
of pneumoperitoneum into the mediastinum dur-
ing the earlier parts of the laparoscopic procedure. 
In some cases, it may be necessary to partially 
divide the right and left crura to allow easy pas-
sage of the gastric specimen and tube through the 
hiatus and to prevent later gastric outlet obstruc-
tion. However, in the current era, more frequently, 
we are dealing with a larger hiatal opening due to 
an associated hiatal hernia and it actually may be 
necessary to close this opening to some degree.

9.8.3	 �Neck Steps

Next, a 4- to 6-cm horizontal neck incision is 
made. The omohyoid muscle is visualized and 
divided. Deep to the omohyoid dissection we 

switch to bipolar electrocautery to minimize risk 
to the recurrent laryngeal nerve. The cervical 
esophagus is exposed. Careful dissection is per-
formed down until the thoracic dissection plane 
is encountered, generally quite easily since the 
video-assisted thoracoscopic surgery (VATS) 
dissection is continued well into the thoracic 
inlet. In addition, we leave a penrose drain 
around the esophagus during the thoracic dissec-
tion and push the drain into the peri-esophageal 
plane at the thoracic inlet, so that it is easily 
visualized during the neck dissection and actu-
ally allows the surgeon to pull the penrose out 
through the neck to facilitate the neck dissection. 
The esophagogastric specimen is pulled out of 
the neck incision and the cervical esophagus 
divided high (2–3 cm below the cricopharyngeal 
muscle). The specimen is removed from the 
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Fig. 9.3  Construction of gastric conduit. Reproduced 
with permission from the UPMC Heart, Lung and 

Esophageal Surgery Institute, University of Pittsburgh 
Medical Center, Pittsburgh, PA

J.D. Luketich and M.N. Jaimes Vanegas



91

field. An anastomosis is performed between the 
cervical esophagus and gastric tube using stan-
dard techniques. In most patients, we prefer 
using a 25–28-mm EEA stapler. Alternatively, if 
length is somewhat of a concern, we perform a 
hand-sewn esophagogastric anastomosis, with a 
single layer of interrupted stitches of non-
absorbable 3-0 Silk or PDS sutures.

Next, the surgeon returns to the laparoscopic 
view and gently pulls downward on the pyloroan-
tral area to retrieve any excess gastric tube that 
may have been pulled up into the chest during the 
neck anastomosis and mobilization. The laparo-
scopic pull is performed gently, and only until the 
assistant at the neck observes the tube and the 
anastomosis beginning to be pulled down at the 
level of the anastomosis. We strive to achieve a 
very high anastomosis just below the level of the 
cricopharyngeus to ensure adequate removal of 
any islands of Barrett’s and to ensure that any 
anastomotic leak, will be more likely to drain out 
via the neck.

The last step of the laparoscopic approach is 
to place tacking sutures between the gastric tube 
and the diaphragm to prevent hiatal herniation. 
Care must be taken during this step to maintain 
orientation of the greater curve vessels towards 
the left crus and to avoid compromise of these 
vessels during suturing. We usually place three 
tacking sutures; one between the left crus and 
stomach just anterior to the greater curve arcade; 
the second on the right side of the gastric tube 
just above the right gastric vessels to the right 
crus; the third suture is placed anteriorly between 
the stomach and the diaphragm [9].

9.9	 �Operative Technique for Ivor 
Lewis MIE

With any esophagectomy, we always start the case 
with an on-table endoscopy that allows for assess-
ment of the proximal and distal extent of the 
tumor as well as to plan the surgical resection 
margins and also determine the optimal site of 
anastomosis. For example, a tumor with more 
gastric cardia extension may require a more 
extensive resection of stomach in the abdomen 
and will necessitate the anastomosis to be 

performed in the chest, rather than the neck. On 
the other hand, in a patient with a tumor extending 
proximally to the high thoracic esophagus, a more 
proximal resection margin and anastomosis in the 
neck may be required. It is key to limit insuffla-
tion with air while performing the EGD, as this 
may interfere with subsequent laparoscopic sur-
gery. We always decompress the stomach before 
removal of the endoscope. Patients with a mid on 
upper esophageal tumor require a bronchoscopy 
to evaluate the airway and exclude its involve-
ment. The endotracheal tube is then changed to a 
double-lumen endotracheal tube [11].

9.10	 �Laparoscopic Phase

9.10.1	 �Port Placement 
and Exploration

Proper port placement is important to optimize 
exposure and the conduct of the operation 
(Fig. 9.2). Port placement can be modified to suit 
the body habitus of the patient or in patients with 
prior surgery. The patient is positioned in a steep 
reverse Trendelenburg position. A total of five 
abdominal ports (four 5-mm and one 10–12-mm) 
are used. The first port placed is a 10–12-mm 
port, which is placed with a cut down technique. 
Subsequent ports are placed under direct visual-
ization of the laparoscope. A liver retractor is 
placed, and the left lobe of the liver is retracted. 
After placement of the ports, the first step is an 
exploration of the abdomen to rule out advanced 
disease before starting the gastric mobilization.

9.10.2	 �Gastric Mobilization

The mobilization of the stomach is started with 
the division of the gastrohepatic ligament. 
Subsequently, the right crus is visualized and dis-
sected, followed by dissection of the left crura of 
the diaphragm. It is important to avoid dividing 
the phrenoesophageal membrane at this point, 
which may lead to loss of pneumoperitoneum. It 
is important to handle the stomach gently during 
the mobilization using a no-touch technique of 
our planned gastric conduit. The greater curvature 
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of the stomach is mobilized by dividing the short 
gastric vessels using the ultrasonic coagulating 
shears. We leave 3–4 cm of fat margin with the 
arcade to help separate the conduit from its ulti-
mate position near the posterior membranous air-
way. The gastrocolic omentum is then divided, 
with care taken to preserve the right gastroepi-
ploic arcade. During this portion of the dissec-
tion, we selectively mobilize and preserve a 
well-vascularized omental flap which later would 
be used as a buttress after construction of the 
intrathoracic anastomosis. The omental flap is 
used only if chemo and radiation have been used 
preoperatively. The posterior attachments of the 
stomach are then divided after retraction of the 
stomach anteriorly. A complete celiac node dis-
section is performed before division of the left 
gastric vessels with a vascular stapler. On a rare 
occasion, during gastric mobilization, we may 
encounter a hepatic branch originating from the 
left gastric artery. If there is a concern that this 
branch is a significant major replaced left hepatic 
artery, we apply a removable clip and observe the 
left lobe of the liver. If there is concern about 
ischemia, we remove the clip and preserve this 
replaced left hepatic artery.

9.10.3	 �Pyloroplasty

The next step is the performance of the pyloro-
plasty. The pylorus is mobilized, and its mobility 
is verified by lifting the pylorus gently up to the 
caudate lobe of the liver without any tension. A 
Kocher maneuver is performed to achieve ade-
quate mobilization. An additional 5/11 port is 
placed in the mid right lower quadrant of the 
abdomen to facilitate the construction of the 
pyloroplasty, construction of the gastric tube, and 
placement of the feeding jejunostomy tube. Then 
we place two traction sutures at the edges of the 
pylorus with the Endostitch (2.0). A Heineke-
Mikulicz type pyloroplasty is then performed. 
The pylorus is incised longitudinally with the 
harmonic scalpel and then closed transversely 
with interrupted sutures using the Endostitch 
device. The pyloroplasty is buttressed with an 
omental patch.

9.10.4	 �Construction of the 
Gastric Tube

This is a critical component of the procedure. We 
create a gastric tube approximately 3 cm in diam-
eter, starting at the lesser curve (Fig.  9.3). The 
right gastric vessels are preserved. We start with 
a stapling device (Endo-GIA) beginning in the 
lesser curve, about 5 cm proximal to the pylorus. 
It is important to avoid excessive manipulation 
and trauma to the gastric conduit during this step. 
To facilitate exposure and protect our planned 
conduit with a no-touch technique, we have one 
assistant gently retracting the fundic tip of the 
stomach (which will subsequently be resected) 
superiorly and another assistant simultaneously 
gently retracting the pyloroantral area inferiorly. 
This retraction facilitates proper alignment and 
the construction of a gastric tube with uniform 
diameter of 3 cm. In rare instances, if it is thought 
that the gastric margin may be a concern, the gas-
tric staple line on the specimen side is sent for a 
frozen section before the thoracic portion of the 
operation.

We then routinely place a jejunostomy tube 
using Seldinger technique, at about 40 cm from 
the ligament of Treitz. The jejunum is secured to 
the anterior abdominal wall at the jejunostomy 
site after doing a Witzel tunnel, then we place an 
anti-torsion stitch about 3 cm distal to the jeju-
nostomy tube site, using a 2-0 Endo-stitch. The 
final step is the division of the phrenoesophageal 
membrane. At this time a careful 360° dissection 
is performed and the gastric resected specimen is 
carefully pushed up into the hiatus to facilitate 
later VATS retrieval. The abdomen is inspected to 
make sure that hemostasis is adequate and the 
incisions are closed.

9.11	 �Thoracoscopic Phase

9.11.1	 �Thoracoscopic Port Placement

The patient is placed in a left lateral decubitus 
position. The position of the double-lumen tube 
is verified with flexible bronchoscopy, and single-
lung ventilation is used. Typically, we use five 
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thoracoscopic ports. The fifth, 5-mm port, placed 
anteriorly is used by the first assistant intermit-
tently for suction. Similar to the ports in the 
abdomen, optimal port placement is important. A 
10-mm port is placed at the seventh to eighth 
intercostal space, just anterior to the mid-axillary 
line, for the camera. Another 10-mm port is 
placed at the eighth or ninth intercostal space, 
posterior to the posterior axillary line, for the dis-
section instrument (ultrasonic coagulating 
shears). A 10-mm port is placed in the anterior 
axillary line, at the fourth intercostal space, and 
this is used to pass a fan-shaped retractor to 
retract the lung anteriorly and allow exposure of 
the esophagus. A 5-mm port is placed just poste-
rior to the scapula tip, which is used to place 
instruments for retraction and counter traction. 
After thoracoscopic exploration, we place a 
retracting suture near the central tendon of the 
diaphragm (Endostitch 0), and this suture is 
brought out through the chest wall through a 
1-mm skin incision several centimeters below the 
camera port. This allows us to provide downward 
traction on the diaphragm and aids with exposure 
of the distal esophagus. Later in the case, we 
make a 5 cm access incision to enable passage of 
the end-to-end stapler (EEA) and, for removal of 
the specimen.

9.11.2	 �Esophageal Mobilization 
and Lymph Node Dissection

We then proceed with the division of the inferior 
pulmonary ligament. The mediastinal pleura over-
lying the esophagus is divided and opened up to 
the level of the azygos vein to expose the thoracic 
esophagus. The azygos vein is then dissected and 
divided with an endoscopic vascular stapler. The 
esophagus, along with the periesophageal tissue 
and lymph nodes, is circumferentially mobilized 
from the diaphragm to the level about 2 cm above 
the carina. A Penrose drain is placed around the 
esophagus to facilitate traction and exposure. We 
use an ultrasonic coagulating instrument for the 
dissection, and endoscopic clips are applied gener-
ously for larger vessels and any lymphatics. Above 
the azygos vein, it is important to keep the plane of 

dissection directly on the esophagus to prevent 
injury to the airway and the recurrent laryngeal 
nerve. Mediastinal lymph node dissection, includ-
ing a complete dissection of the subcarinal lymph 
nodes, is performed. With the most common loca-
tion of tumors being distal esophageal or gastro-
esophageal junction tumors, we do not perform 
aggressive nodal dissection near the thoracic inlet 
to decrease the chance of recurrent laryngeal nerve 
injury. In addition, the vagi are divided at the level 
of the azygos vein to minimize traction injury to 
the recurrent laryngeal nerves. During the thoraco-
scopic mobilization of the esophagus, it is impor-
tant to avoid thermal or ultrasonic injury to the 
airway and the pericardium. The distal esophagus 
and the gastric conduit are brought up in the chest. 
It is important to maintain the proper orientation of 
the gastric conduit, with care taken not to twist the 
conduit. We prefer a high intrathoracic anastomo-
sis near the thoracic inlet; however, one should be 
cautious not to divide the esophagus too proxi-
mally because this makes construction of the intra-
thoracic anastomosis technically difficult. In some 
patients, when there is a concern about the proxi-
mal extent of the tumor, repeat endoscopy may be 
required at this point to determine the site of tran-
section. A 5 cm access incision is made at approxi-
mately the 6th intercostal space, we then apply a 
wound protector; the specimen is removed through 
this access and sent for frozen-section analysis of 
margins.

9.11.3	 �Construction of Anastomosis

We then perform a stapled EEA intrathoracic 
anastomosis. The first step of the stapled anasto-
mosis is the placement of a 28-mm EEA anvil in 
the proximal esophagus. The anvil is secured with 
a purse string suture (Endostitch 2-0). We have 
found that it is difficult to place this first suture 
perfectly, as the anvil tends to move and migrate 
out of the open esophagus. Therefore, we add a 
second purse string suture to secure the anvil. 
Because the fundus of the stomach is the most 
ischemic portion of the conduit, we plan the anas-
tomosis so as to discard the fundic tip. The tip of 
the fundus is opened, the conduit is flushed with 
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warm antibiotic saline to minimize soilage. Next, 
the EEA stapler is advanced into the gastrostomy 
just created in the tip of the fundus. A stapled 
anastomosis between the gastric conduit and the 
esophagus, high above the azygos vein, is then 
performed (Fig.  9.4). The redundant portion of 
the fundus is excised with a reticulating endo GIA 
staple, purple load (Fig. 9.5). A nasogastric tube is 
placed across the anastomosis, under direct visu-
alization, and secured. The anastomosis is 
checked for any leaks. Avoiding use of the tip of 
the fundus helps minimize leaks. In some patients 
(those who have received pre op chemo-radiation), 
we buttress the anastomosis with an omental flap, 
which was earlier mobilized during the abdomi-
nal phase of the dissection. During the conclusion 
of the abdominal portion of the operation, the hia-
tus, if enlarged, is closed posteriorly, and typically 
one suture is required (Endostitch 0). This is 
decided based on the size of the hiatal opening, 
and tailored to avoid narrowing of the conduit and 
prevent herniation. In addition, at the conclusion 
of the chest portion of the operation, the conduit is 

Fig. 9.4  Construction of minimally invasive Ivor Lewis 
anastomosis. Reproduced with permission from the 
UPMC Heart, Lung and Esophageal Surgery Institute, 
University of Pittsburgh Medical Center, Pittsburgh, PA
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Fig. 9.5  Final aspect of 
the gastric conduit and 
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Reproduced with 
permission from the 
UPMC Heart, Lung and 
Esophageal Surgery 
Institute, University of 
Pittsburgh Medical 
Center, Pittsburgh, PA
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anchored to the right crus with an endostitch. This 
approach is used to minimize herniation of 
abdominal organs into the chest.

The chest is inspected closely, and hemostasis 
is verified. The conduit should be straight and 
free of redundancy. It is important to drain the 
chest well and place drains strategically in the 
chest. This is critical because a well-drained 
small leak, should it occur, is easy to manage. 
We place a 28F chest tube posteriorly in the 
pleural space, and a second No. 10 Jackson-Pratt 
drain posterior to the anastomosis, tracking 
behind the gastric conduit to the diaphragm, 
exiting at the costophrenic angle. It is also 
important to secure these drains well. We also 
perform a multilevel intercostal block at the con-
clusion of the procedure, and close all thoracic 
incisions in usual fashion. The chest tube is 
placed on suction, and the patient is turned to a 
supine position. The double-lumen endotracheal 
tube is then changed to a single-lumen endotra-
cheal tube. A flexible bronchoscopy is per-
formed, and any secretions in the bronchial tree 
are aspirated. We also perform an exhaustive 
aspiration of all oropharyngeal secretions at the 
end of the case, prior to exchange of the double 
lumen tube to avoid aspiration of oropharyngeal 
and/or esophageal debris and secretions.

9.12	 �Discussion of Thoracic 
Anastomotic Techniques

Campos et al. published in 2010 their preliminary 
results on 37 patients of a standardized 
25  mm/4.8  mm circular-stapled anastomosis 
using a trans-orally placed anvil. The esophago-
gastric anastomosis was created using a 25-mm 
anvil passed trans-orally, in a tilted position, and 
connected to a 90-cm long polyvinyl chloride 
delivery tube through an opening in the esopha-
geal stump. The anastomosis was completed by 
joining the anvil to a circular stapler (end-to-end 
anastomosis stapler (EEA XL) 25 mm with 4.8-
mm staples) inserted into the gastric conduit. 
There were no intra-operative technical failures 
of the anastomosis or deaths. Five patients had 
strictures (13.5%) and all were successfully 

treated with endoscopic dilations. One patient 
had an anastomotic leak (2.7%) that was success-
fully treated by re-operation and endoscopic 
stenting of the anastomosis. They concluded that 
the circular-stapled anastomosis with the trans-
oral anvil allowed for an efficient, safe and repro-
ducible anastomosis [12].

A literature search on the current techniques 
and approaches for intrathoracic anastomosis 
was published in 2012 by Maas et  al. Twelve 
studies were evaluated on leakage and stenosis 
rate of the anastomosis. The most frequent 
applied technique was the stapled anastomosis. 
Stapled EEA anastomoses can be divided into a 
transthoracic or a transoral introduction. This 
stapled approach can be performed with a circu-
lar or linear stapler. The reported anastomotic 
leakage rate ranges from 0 to 10%. The reported 
anastomotic stenosis rate ranges from 0 to 27.5%. 
The review found no important differences 
between the two most frequently used stapled 
anastomoses: the transoral introduction of the 
anvil and the transthoracic [13].

A large meta-analysis published in 2015 com-
prising 15 studies, total of 3.203 patients, com-
pared the main clinical outcomes following linear 
stapler (LS) and hand-sewn (HS) esophagogas-
tric anastomosis, including the rates of anasto-
motic leakage and stricture. Compared with HS, 
LS esophagogastric anastomosis has a lower rate 
of anastomosis leakage for several possible rea-
sons: (1) the stapled anastomoses are considered 
to be more expedient and less traumatic to tis-
sues; (2) the lateral stay sutures allow for reduced 
tension on the anastomosis without compromis-
ing gastric conduit microcirculation; and (3) LS 
provides triple-layered staple construction that is 
less traumatic and more watertight than HS.

A significantly reduced rate of anastomotic 
stricture associated with LS was also found. 
Performing a subgroup analysis, although there 
was no significant difference in the decrease in 
thoracic anastomotic leakage, there was a signifi-
cant decrease in cervical anastomotic leakage 
associated with LS. The meta-analysis concluded 
that the LS technique contributes to a reduced 
rate of leakage and stricture compared with the 
HS method [14].
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On the other hand, a meta-analysis published in 
2013 showed no significant difference in the inci-
dence of esophageal anastomotic leak (EAL) for 
the following technical factors: hand-sewn versus 
stapled esophagogastric anastomosis (EGA), mini-
mally invasive versus open esophagectomy, ante-
rior versus posterior route of reconstruction, and 
ischemic conditioning of the gastric conduit. 
However, the only technical factor associated with 
an increased incidence of EAL was a cervical loca-
tion of the anastomosis, most likely due to a greater 
stretch placed upon the gastric conduit and impaired 
conduit microcirculation, as demonstrated on four 
randomized, controlled trials comprising 298 
patients, included in the report, that compared cer-
vical and thoracic EGA.  Anastomotic leak was 
seen more commonly in the cervical group 
(13.64%) than in the thoracic group (2.96%) [15].

Despite this, some highly experienced 
surgeons have demonstrated a very low rate of 
anastomotic leak while performing cervical 
esophagogastric anastomosis [10].

In a recently published French large multi-
center database study, the incidence of severe 
esophageal anastomotic leak (SEAL) after esoph-
agectomy for esophageal cancer, in their large 
study population (2439 patients), was 8.5%. The 
results of the study suggest that SEAL was signifi-
cantly associated with an adverse impact upon 
overall and disease-free survivals, and it was also 
associated with an increase in the incidence of 
overall, loco-regional, and mixed cancer recur-
rences. Clinically significant differences in sur-
vival were seen in all stages, but statistically 
significant only for stage 0 and stage III. The inci-
dence of SEAL was independently associated with 
low hospital procedural volume, cervical anasto-
mosis, upper third tumor location, and ASA score 
III/IV in multivariable analysis. The findings of 
this study call attention to the long-term conse-
quences of failure during the anastomotic forma-
tion in esophagectomy, and further advise about 
short- and long-term benefits to the centralization 
of esophagectomy to high-volume centers [16].

In our experience, we have performed all 
types of intrathoracic anastomosis including 
hand sewn, EEA and linear stapled. We currently 
prefer the EEA technique, when possible with a 
28-mm stapler.

9.13	 �MIE at Other Centers 
in the United States

We conducted a multi-center, phase II, prospec-
tive cooperative group study (coordinated by 
ECOG) to assess the feasibility of MIE in a 
multi-institutional setting. Patients with biopsy-
proven high-grade-dysplasia or esophageal can-
cer were enrolled at 17 credentialed sites. 
Protocol surgery consisted of either 3-stage MIE 
or Ivor Lewis MIE. MIE was completed in 95 of 
the 104 patients eligible for the primary analysis 
(91.3%). The 30-day mortality in eligible 
patients who underwent MIE was 2.1%; periop-
erative mortality in all registered patients eligi-
ble for primary analysis was 2.9%. Median 
intensive care unit and hospital stay were 2 and 
9 days, respectively. Grade 3 or higher adverse 
events included anastomotic leak (8.6%), acute 
respiratory distress syndrome (5.7%), pneumo-
nitis (3.8%), and atrial fibrillation (2.9%). At a 
median follow-up of 35.8 months, the estimated 
3-year overall survival was 58.4% (95% confi-
dence interval: 47.7%–67.6%). Locoregional 
recurrence occurred in only seven patients 
(6.7%). We demonstrated that MIE is feasible 
and safe with low peri-operative morbidity and 
mortality and good oncological results in centers 
with significant open and minimally invasive 
esophageal surgical experience. The MIE 
approach can be adopted by other centers with 
appropriate expertise in open esophagectomy 
and minimally invasive procedures involving the 
foregut [17].

�Conclusion

Surgical resection is a primary curative modal-
ity in patients with resectable esophageal can-
cer. One of the main concerns for 
recommendation of esophagectomy is the 
associated risks of surgery. In an effort to 
decrease the morbidity of esophagectomy, we 
have adopted a minimally invasive strategy. 
We have described our current technique of 
minimally invasive Ivor Lewis esophagec-
tomy, as well as the minimally invasive 
McKeown esophagectomy technique in detail. 
Esophageal surgeons should decide on every 
individual case about the need for a cervical 
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versus an intrathoracic anastomosis, based 
mainly on the location and extension of the 
tumor, but also on the surgical expertise 
required to perform every single step of a min-
imally invasive esophagectomy.
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10.1	 �Introduction

Esophageal cancer is the sixth most-common 
cause of death from cancer worldwide with over 
450.000 new cases annually [1]. In Northern and 
Western Europe, the USA, Canada and Oceania 
the predominant histologic subtype of esophageal 
cancer is an adenocarcinoma and the prevalence 
of this subtype is increasing rapidly in these coun-
tries, particularly for males [2]. Risk factors for 
developing an adenocarcinoma are symptomatic 
gastro-esophageal reflux disease (GERD), 
Barrett’s esophagus, obesity and a combination of 
alcohol and smoking. Mainly, adenocarcinomas 
develop in the distal third of the esophagus or in 
the gastro-esophageal junction (GEJ). The main 
symptoms of patients with esophageal cancer are 
dysphagia, weight loss, pain in the stomach or 
symptoms of anemia [3]. When patients present 

with symptoms, a variety of diagnostic instru-
ments is available to assess the location and 
spread of the tumor and to check for local or dis-
tant metastases. To assess the precise location of 
the tumor and to confirm the diagnosis, an endos-
copy with biopsy has to be performed. For the 
treatment of GEJ tumours in particular it is impor-
tant to assess the spread of the tumor into the 
esophagus and the gastric cardia. Lymphatic dis-
semination and the possibility of distant metasta-
ses are further investigated by endoscopic 
ultrasound (EUS), computed tomography scan 
(CT-scan) of the neck, thorax and abdomen, and a 
PET-CT-scan. If local tumor ingrowth and/or dis-
tant metastases are suspected, biopsies can con-
firm this. Esophageal carcinomas are staged 
according to the seventh edition of the American 
Joint Committee on Cancer staging system [4]. 
This classification predicts the overall survival 
(OS) rates per stage groupings for adenocarcino-
mas and squamous cell carcinomas separately. It 
shows a risk-adjusted 5-years OS ranging from 15 
to 85% for adenocarcinomas and ranging from 15 
to 75% for squamous cell carcinomas, depending 
on the stage group. Moreover, if tumors are staged 
with T1a or lower it should be treated by endomu-
cosal resection and above stage T1a patients will 
undergo an esophageal resection. For the surgical 
classification of GEJ adenocarcinomas, the 
Siewert classification is used despite its limita-
tions. This classification divides tumors in type 
I–III based on anatomical criteria [5]:
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•	 Type I: Adenocarcinoma is located mainly on 
the side of the esophagus.

•	 Type II: True cardia carcinoma infiltrating 
from 1 cm on the side of the esophagus up to 
2 cm in the stomach.

•	 Type III: Subcardial gastric carcinoma that 
grows from 2 to 5 cm distal of the Z-line.

An esophageal resection has always been the 
main curative treatment of esophageal cancer. 
Since the promising results of a randomized con-
trolled trial that introduced neoadjuvant chemora-
diotherapy (nCRTx) as an important additional 
treatment to surgery for esophageal cancer, survival 
rates have been improved importantly, with the 
increase in the 5-year-overall survival rate from 33 
to 47% [6, 7]. However, esophagectomies are still 
associated with high morbidity and mortality rates. 
To reduce the morbidity and to increase the quality 
of life (QoL), a minimally invasive esophagectomy 
approach (MIE) was introduced in the early 90s. 
Looking for evidence, the outcomes of the TIME 
trial showed advantages of MIE when compared to 
open esophagectomy (OE), such as a decreasing 
incidence of postoperative pulmonary infections, a 
shorter length of hospital stay and better QoL 
scores, indicating an improved patient recovery [8]. 
Concerning oncological safety, no differences were 
found in OS and disease-free survival after one and 
3  years follow-up, with a better Quality of Life 
(QoL) of physical components at 1 year follow-up 
[9]. Therefore, MIE is currently considered to be a 
safe surgical procedure and the majority of patients 
with a resectable esophageal or GEJ-tumor should 
be approached by a minimally invasive approach. 
Yet, several factors influence the surgeon’s discre-
tion in that choice and this chapter treats these 
(Videos 10.1, 10.2, 10.3 and 10.4).

10.1.1	 �Treatment Possibilities 
for GEJ Tumors

Discussion exists about what type of neoadjuvant 
treatment is indicated for GEJ cancer. Most 
oncologists will recommend neoadjuvant chemo-
therapy for GEJ tumors with Siewert type 2 and 
3, whereas they will choose for Chemoradiotherapy 
(nCRTx) for Siewert type 1 tumors. After neoad-

juvant therapy, there are two main surgical 
approaches for resection of GEJ tumors: the 
transthoracic (the 2-staged Ivor-Lewis esopha-
gectomy or 3-staged McKeown esophagectomy) 
or the transhiatal esophagectomy (THE). The 
decision for the surgical approach is based on the 
surgeon’s discretion, since there is no evidence 
about the best surgical approach in terms of mor-
bidity and oncological outcomes yet.

Generally, a laparoscopic gastrectomy is per-
formed for Siewert type III.  For type II, a MIE 
Ivor-Lewis procedure is the main choice and as an 
alternative procedure a laparoscopic total gastrec-
tomy with a high esophagogastrostomy anasto-
mosis using the Orvil Circular Stapler (®Medtronic 
Inc., Minneapolis, MN, USA [10]) can be per-
formed. Some surgeons indicate a laparoscopic 
THE with an anastomosis in the cervical area and 
in the case of extensive growth of the tumor along 
the lesser curvature an open esophageal and gas-
tric resection followed by a colon interposition is 
indicated. Finally, a laparoscopic two-staged Ivor-
Lewis or a three-staged McKeown approach will 
be the choice for a Siewert type I tumor.

10.1.2	 �Preparation for Operation

Along with the use of neoadjuvant treatment, 
patients have to be optimally prepared for opera-
tion. This includes improvements of the general 
condition by optimal nutrition, physiotherapy and 
psychotherapy. Moreover, concerning the operative 
planning, it is important to study the radiotherapy 
charts (radiation field) to see if the proximal esoph-
agus or parts of the stomach have been exposed to 
radiotherapy. If the intrathoracic anastomosis is the 
preferred location of reconstruction, then the anas-
tomosis could be created in a non-radiated area in 
order to reduce the leakage rate.

10.2	 �Surgical Techniques

10.2.1	 �Two-Staged Minimally 
Invasive Ivor-Lewis Procedure

The Ivor-Lewis esophagectomy with intratho-
racic anastomosis is a perfect operation for many 
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infracarinal esophageal cancers, but has a high 
difficulty grade due to the creation of the intra-
thoracic anastomosis. The patient is intubated by 
selective intubation, which is only used for the 
anastomotic phase during thoracoscopy. The 
operation commences with a laparoscopy (exten-
sive celiac trunk type D1+ lymphadenectomy, 
gastric dissection along greater curvature with 
preservation of gastroepiploic vessels, creation of 
a gastric conduit by staplers and hiatal dissection) 
followed by right thoracoscopy in prone position 
of the patient (including dissection and mobiliza-
tion of the esophagus, a mediastinal lymphade-
nectomy and division of the esophagus in the 
area between the carina and the azygos vein).

The gastric tube and the esophageal specimen 
are pulled into the thorax through a wide hiatus, 
followed by creation of an intrathoracic anastomo-
sis. Although there are different types of intratho-
racic anastomoses, no evidence posits one type of 
anastomosis as superior to another. As options, we 
can create a manual anastomosis or an end-to-side 
anastomosis using a conventional circular stapler 
(21, 25 or 28 mm) after a pursestring suture on the 
esophageal stump or we can use a prepared Orvil 
device (®Medtronic Inc. Minneapolis, MN, USA 
[10]). Additionally, the side-to-side anastomosis 
can be performed using a linear stapler, closing the 
anterior defect by a transversal suture using con-
ventional suture material or the prepared V-loc 
Wound Closure™ (®Medtronic Inc. Minneapolis, 
MN, USA [11]). Furthermore, the robot-assisted 
anastomosis (RAMIE) is increasingly used thereby 
permitting a high manual anastomosis in the apex 
of the thorax because of the ergonomy obtained by 
the robot [12].

Initiating the formation of a stapled anastomo-
sis, a small thoracotomy is necessary to position 
the circular stapler into the gastric tube, whilst 
this is not required if a manual or linear stapler 
anastomosis is created. However, at the end of the 
procedure the specimen needs to be retrieved 
through the abdomen (patient must be reposi-
tioned again) or by a small thoracotomy incision 
if thoracoscopy was performed.

Concerning the type of intubation needed dur-
ing the anastomosis phase, only a single-lumen 
intubation with two-lung ventilation (no collapse 
of the right lung is necessary) is required for the 

manual, RAMIE and the linear anastomosis. 
Holding to an anastomosis that is performed by a 
circular stapler, a total collapse of the right lung 
during anastomosis is essential, either by (a) selec-
tive intubation (one-lung ventilation), by (b) plac-
ing a Fogarty balloon catheter in the right bronchus 
to be inflated (during the anastomotic phase) or by 
(c) applying to the wound a protection device with 
a glove or a gel cap system along with maintaining 
a thoracic insufflation at 7–8 mmHg.

General principles for the anastomosis have to 
be assured, such as good vascular irrigation, no 
tension on the anastomosis and a watertight anas-
tomosis. To get better outcomes of the anastomo-
sis in which the esophagus is not covered by 
peritoneum, a new technique has been developed 
at our Department. This new technique contains an 
anastomosis that is covered by a pleural flap fol-
lowed by a wrap of omentum around the anasto-
mosis (the ‘Flap and Wrap Technique’) and might 
be considered as an important improvement.

This technique can be performed after the 
esophagus is divided by the mini thoracotomy 
(Fig. 10.1). The anvil is introduced and stitched in 
the proximal esophagus by the Endo Stitch device 
(®Medtronic Inc. Minneapolis, MN, USA [13]) 
(Figs.  10.2, 10.3, 10.4, 10.5, and 10.6) and the 
gastric tube is stapled end-to-side by the circular 
stapler (Figs. 10.7, 10.8, 10.9, 10.10, and 10.11). 
Performing the Flap and Wrap technique, a single 
stich is used to fix the created gastric tube behind 
the pleural flap (Fig. 10.12). Therefore, the weight 
of the gastric tube is shifted to the pleural flap 
while this flap covers the gastric tube to prevent 
traction on the anastomosis and to protect it 
against the negative pressure in the thorax. The 
final part of the “Flap and Wrap” technique con-
sists of wrapping the omentum around the anasto-
mosis to ensure that it is fully covered (Fig. 10.13).

10.2.2	 �Three-Staged Minimally 
Invasive McKeown Procedure

The three-staged minimally invasive McKeown 
esophagectomy with cervical anastomosis is 
preferably used if there is mediastinal lymphade-
nopathy, or if intrathoracic anastomosis cannot 
be performed if tumor growth in proximal direc-
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Fig. 10.1  Intrathoracic 
division of the 
esophagus

Fig. 10.2  Introduction 
of 29 mm anvil in the 
esophagus

Fig. 10.3  Starting the 
purse string suture 
around the anvil
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Fig. 10.4  Closure of 
the esophagus by means 
of purse string

Fig. 10.5  Closure of 
the esophagus by means 
of purse string

Fig. 10.6  Closure of 
the esophagus by means 
of purse string
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Fig. 10.7  Gastric tube 
in thorax

Fig. 10.8  Circular 
stapler positioned in the 
gastric tube through a 
small thoracotomy
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Fig. 10.9  Creation of 
end to side anastomosis

Fig. 10.10  Creation of 
end to side anastomosis

Fig. 10.11  Resection 
of the lateral loop
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tion is too extended and the proximal residual 
esophagus is too short for an intrathoracic 
anastomosis.

This procedure is started through a right thora-
coscopy in prone position with a single-lumen 
tracheal intubation, followed by upper laparoscopy 
and left cervical incision. To maintain a partial 
collapse of the right lung during thoracoscopy, the 
thoracic cavity must be insufflated with carbon 
dioxide at 7–8 mmHg. During thoracoscopy the 
esophagus is dissected and a mediastinal lymph-
adenectomy is performed as comparable to the 
previous described in the Ivor Lewis esophagec-
tomy section. No Kocher maneuver or interven-
tion to the pylorus is performed.

After thoracoscopy, the patient is repositioned 
in French position to perform a laparoscopy with 
formation of the gastric conduit as comparable 
with the Ivor-Lewis procedure. Subsequently, a 
cervical anastomosis can be created starting with 
left cervical incision to decrease the risk of bilat-
eral recurrent laryngeal nerve injury. The esopha-
gus is divided and the gastric tube is pulled into the 
cervical region via the prevertebral route. A cervi-
cal end-to-end anastomosis is the created manu-
ally. The advantages of a cervical anastomosis is 
compared to an intrathoracic anastomosis (Ivor-
Lewis procedure) are better clinical management 
of leakages (e.g. by bedside opening of the wound) 
and a larger proximal resection margin.

Fig. 10.12  Anastomosis 
covered by pleural flap

Fig. 10.13  Anastomosis 
covered by omental 
wrap
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10.2.3	 �Transhiatal Esophagectomy

This procedure is performed by laparoscopy 
and left cervical incision. Starting with tran-
shiatal dissection of the esophagus (and tumor) 
from the pericardial sac and aortic planes up to 
the carina, it is followed by an extended celiac 
trunk lymphadenectomy and gastric dissection. 
After dissection of the cervical esophagus, a 
small-assisting-protected laparotomy is per-
formed to retrieve the whole specimen by strip-
ping. Extracorporeal creation of gastric tube 
and resection of the specimen is then followed 
by pulling the gastric tube into the cervical 
wound where the anastomosis is made. Due to 
the transhiatal approach, the mediastinal 
lymphadenectomy is limited [14]. Details of 
the surgical techniques have been published 
elsewhere [15, 16].

10.3	 �Postoperative Care

Two policies of postoperative care are found 
among surgeons. Surgeons may try to consoli-
date the use of some form of fast-track treat-
ment that includes no nasogastric tube at all and 
the start of oral liquid feeding on the first 
postoperative day. Many surgeons—including 
those in our center—may follow a more conser-
vative tendency to leave the nasogastric tube in 
situ. This is based on the hypothesis that if the 
gastric tube will obtain all oral liquids on the 
first postoperative day and the pylorus does not 
open sufficiently, a traction on the anastomosis 
due to weight is expected, which will lead to 
some form of leakage. Correspondingly, at our 
center we adopted the more conservative 
approach to leave the nasogastric tube in situ 
for more than four to five 5  days with active 
suction at the tube. An X-ray is performed on 
the fifth day to check the width of the gastric 
tube. Only if these factors are optimal the naso-
gastric tube is removed and patients initiate the 
progressive oral feeding. In some centers stan-
dard Swallow X-ray is performed within the 
first few days after surgery to assess passage 
through pylorus.

10.4	 �Evidence for Surgical 
Techniques

In the era before the systematic use of neoadju-
vant therapy, the Dutch HIVEX-trial compared 
the transhiatal approach versus the transthoracic 
approach for esophageal carcinoma [17]. The 
trial revealed no differences in survival rates 
between the two approaches for GEJ tumors type 
2, whereas for type 1 and other tumor locations 
the survival rates after TTE were higher. In order 
to update this comparison in the current era of 
nCRTx and MIE, a comparable trial should be 
performed. The so-called IVORY-trial is 
currently in preparation and will compare mini-
mally invasive transhiatal versus the transtho-
racic approach after nCRTx for distal and GEJ 
tumors type 1 and 2 according to the Siewert 
classification. The advantages of the transtho-
racic approach are an extensive esophageal 
dissection, a more complete mediastinal lymph-
adenectomy and possibly a better anastomosis. 
Because the thoracic anastomosis is more dis-
tally created than the cervical anastomosis, it is 
possible to perform a more extended gastric 
resection that will help to achieve free resection 
margins in type 2 tumors. What is more, the gas-
tric tube may be shorter, but is better vascular-
ized and consequently may result in less 
morbidity, especially with less anastomotic leak-
ages. Moreover, it seems that Siewert type 1 
tumors will metastasize to the paratracheal 
lymph nodes in 10% of the patients after neoad-
juvant therapy, whilst this is less than 2% for type 
2 tumors after neoadjuvant therapy [18]. The role 
and extension of mediastinal lymphadenectomy 
is still controversial after the use of the nCRTx 
according to the CROSS-study [19].

Currently, after esophagectomy for cancer both 
cervical and intrathoracic esophagogastric anasto-
moses are used. Although a cervical anastomosis 
seems to be the best option for proximal and mid-
esophageal tumors, yet a cervical anastomosis is 
followed by a higher frequency of anastomotic 
leakages—probably due to the worse irrigation at 
the top of the gastric tube [16]. Additionally, after 
MIE with cervical anastomoses for distal or GEJ 
tumors, patients do have more complaints of 
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dysphagia, dumping and regurgitation [20]. This 
might be attributable to the higher incidence of 
strictures in these patients [21, 22]. A recent study 
showed that there seems to be a trend to create 
more Ivor-Lewis esophageal resections for GEJ-
tumors than McKeown esophagectomies, involv-
ing an increase from 15 to 46% of intrathoracic 
anastomoses [23] in the period from 2007 to 2014. 
In contrast, in the same period the incidence of 
three-stage McKeown esophagectomy decreased 
from 85 into 54%. To reach consensus about this 
ongoing topic the multicenter ICAN-trial has been 
launched to compare the short-term outcomes of 
transthoracic resections between patients with a 
cervical anastomosis (McKeown procedure) ver-
sus patients with an intrathoracic anastomosis 
(Ivor-Lewis procedure). The first patients have 
been recently included [20].

Concerning the surgical techniques, another 
important improvement with the aim to decrease 
the anastomotic leakage rate is the covering of the 
intrathoracic anastomosis by wrapping the omen-
tum around it. A systematic review not only showed 
a significant decrease in the anastomotic leakages 
rate, but also in the length of hospital stay [24].

Another point of discussion is the position of 
patients, lateral or in prone position during Ivor-
Lewis or McKeown esophagectomy. Initially, the 
lateral decubitus position with selective intuba-
tion and ventilation of one lung was preferred. 
However, the introduction of the prone position 
by Cuschieri in 1994 described many advantages 
of this position over the lateral decubitus posi-
tion, such as no necessity for a complete lung 
block and a better visualization of the esophageal 
area [25]. A recently published systematic review 
from Markar et al., suggests that the prone posi-
tion is associated with less pulmonary complica-
tions, less blood loss, and a higher number of 
resected lymph nodes [26]. It must be noted that 
there was some evidence of heterogeneity for the 
analysis of pulmonary complications and blood 
loss in this review.

Thus, not only the proper approach or the 
extension of lymphadenectomy, but also the ideal 
thoracoscopic position of the patient will be 
important items for future studies in patients who 
undergo MIE.

10.5	 �Our Own Experience

In the Netherlands since the last few years most 
esophageal resections have been centralized in 
high-volume centers. Along with the increased 
use of minimally invasive surgery, the morbidity 
and mortality rates in patients have since 
decreased [8, 23, 27]. Moreover, neoadjuvant 
therapies such as nCRTx and chemotherapy are 
now extensively used. Data from the National 
Dutch Register (DUCA) show that the use of the 
thoracic esophagectomy increased from 47% in 
2011 to 69% in 2015; that the use of the Ivor-
Lewis approach increased from 11 to 47%; that 
the implementation of total MIE increased from 
32 to 71%; and that neoadjuvant therapy was 
administered in 91% of the registered 846 
patients in 2015 [28].

Responding to the increase of distal esopha-
geal and GEJ adenocarcinomas to more than 
80% of all esophageal cancers in the Netherlands, 
our Department has increased the use of MIE 
Ivor-Lewis approach—a comparable develop-
ment found at the other upper GI centers in The 
Netherlands. The first multicenter study about 
MIE Ivor-Lewis esophagectomy included more 
than 282 patients from six centers, performing 
different types of anastomoses, and showed a 
leakages in more than 15% of the patients with a 
30-days mortality of 2.1% [29]. This high-
leakage rate obliged the surgeons to analyze 
these numbers, the learning curve and the cause 
of this rate. The result of this analysis in our 
department produced a change in the used anas-
tomosis technique, resulting in the “flap and 
wrap” technique as described in the intrathoracic 
anastomosis paragraph of this chapter. This anas-
tomosis technique is increasingly used in our 
Department, rising from 24.2% of the total 
esophageal resections in 2014 up to 72% of the 
resections in 2016. With this anastomosis tech-
nique we have obtained an important decrease of 
anastomotic leakages to less than 5% for intra-
thoracic anastomosis with the Flap and Wrap 
technique, whereas leakages are still found in 
20% of the patients with a cervical anastomosis 
without Flap and Wrap technique (unpublished 
data). Moreover, an important decrease of overall 
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morbidity, reoperation rate, readmissions to the 
ICU and in ICU length of stay have been found 
(LOS). It seems that a lower incidence of the 
morbidity rates is associated to a higher fre-
quency of transthoracic resections.

10.6	 �Outcome of Published Series

Data about morbidity and mortality rates follow-
ing a minimally invasive esophagectomy after 
neoadjuvant therapy for GEJ tumors specifically 
is scarce. The largest prospective study described 
the morbidity and mortality rates of a series of 
more than 1000 patients in whom minimally 
invasive Ivor-Lewis esophagectomy and 
McKeown esophagectomy is performed [30]. 
They did not find any differences in the frequency 
of anastomotic leakages requiring surgery (4% 
versus 5%, respectively). However, there were 
significant differences in the occurrence of vocal 
cord paralyses, with a higher incidence among 
McKeown esophagectomies than Ivor-Lewis 
procedures (8% versus 1%, respectively). 
Moreover, no difference in 30-days mortality was 
reported (0.9% versus 2.5%, respectively). In 
general, there seems to be a trend towards lower 
morbidity rates among MIE Ivor-Lewis resec-
tions as compared to MIE McKeown resections 
and THE, but results of evidence based studies 
comparing these different approaches are lacking 
[20, 30]. Therefore, the outcomes for each modal-
ity are described separately in the following 
sections.

10.6.1	 �Outcomes for Minimally 
Invasive TTE: Ivor-Lewis 
Esophagectomy

Two studies that reported short-term outcomes of 
MIE Ivor-Lewis resections for GEJ tumors spe-
cifically are recently reported.

One study reported a multicentric series of 
patients with a distal or a GEJ tumor of the 
esophagus treated by MIE Ivor Lewis and the 
other study compared two cohorts, MIE Ivor 
Lewis and MIE McKeown procedure.

Straatman et al. (2016) investigated the short-
term outcomes of 282 patients among six differ-
ent European centers who underwent minimally 
invasive Ivor-Lewis esophagectomy for only 
distal and GEJ tumors and showed a morbidity 
rate of 44% [29]. The most frequent complica-
tions were anastomotic leakages (15.2%), pul-
monary complications (13.1%), and cardiac 
complications (4.3%). Perioperative outcomes 
were: a median operative time of 333  min, 
242 mL blood loss (median) and 1.8% conver-
sions to open Ivor-Lewis esophagectomy. 
Radical resections (R0) were performed in 93% 
of the patients. Further postoperative outcomes 
were a median length of stay of 12 days, and a 
median length of ICU stay of 2  days and the 
30-day morbidity was 2.1%.

The second retrospective study compared 356 
patients who underwent Ivor-Lewis MIE (intra-
thoracic anastomosis, n = 210) with patients who 
underwent McKeown or Orringer MIE (cervical 
anastomosis, n  =  146) [20]. The incidence of 
recurrent laryngeal nerve palsy was 14.4% after 
a cervical anastomosis and 0% after an intratho-
racic anastomosis. Dysphagia, dumping, and 
regurgitation were reported less frequently after 
creation of an intrathoracic anastomosis. 
Dilatation of benign strictures occurred in 43.8% 
of the cervical anastomoses versus in 6.2% of 
the intrathoracic anastomoses. If a benign stric-
ture was identified, it was dilated for a median of 
four times in the cervical group and only once in 
the intrathoracic group. Anastomotic leakage for 
which reoperation was required occurred in 
8.2% after cervical anastomosis and in 11.4% 
after intrathoracic anastomosis (not significant). 
Median ICU stay, hospital stay, in-hospital mor-
tality, 30-day mortality, and 90-day mortality 
were similar between the groups (not signifi-
cant). They conclude that MIE with an intratho-
racic anastomosis is associated with better 
functional results with less dysphagia, less 
benign anastomotic strictures requiring fewer 
dilatations, and a lower incidence of recurrent 
laryngeal nerve palsy as compared to MIE with 
cervical anastomoses. Other postoperative mor-
bidity and mortality did not differ between the 
groups.
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10.6.2	 �Diagnosis and Treatment 
of Anastomotic Leakages

Surgeons must adhere to a proper algorithm as 
early as possible in the treatment for the postop-
erative anastomotic leaks, thereby following the 
maxim that: “Patients who do not progress every 
day should be studied immediately by CT-scan 
and endoscopy for assessment of the anastomo-
sis”. The incidence of postoperative anastomotic 
leakages varies from 1 to 20%. Most patients 
with anastomotic leakages show very unspecific 
symptoms, such as fever, subcutaneous emphy-
sema, sepsis, respiratory or circulatory distress. 
For cervical anastomotic leakages, a cervical 
wound infection is a more specific symptom that 
indicates an underlying anastomotic leakage.

The severity of anastomotic leakages is classi-
fied following the classification proposed by The 
Esophageal Complications Consensus Group, 
which is based on the treatment of the anastomotic 
leakage [31]. Type I anastomotic leakage is 
described as ‘a local defect that requires no change 
in treatment or treated with dietary modification or 
medically’. Type II is treated with an intervention, 
but no surgical treatment is necessary (for example 
if the anastomotic leakage is treated with stent 
placing), type III is the worst type of anastomotic 
leakage and requires a surgical operation. As this 
classification already suggests, the consequences 
of an anastomotic leakage can be hazardous and 
can develop to mediastinitis or empyema, leading 
to sepsis, ICU admission or even death of a patient. 
Hence, adequate postoperative follow-up is 
required, especially in the first 7 days. If there is 
clinical suspicion of anastomotic leakage a CT 
scan and endoscopic examination of the gastric 
tube should be performed in order to diagnose the 
complication properly. Immediate start with anti-
biotics is required, with addition of placement of a 
nasogastric tube in order to decompress the gastric 
tube. If cervical anastomotic leakage occurs, open-
ing of the skin can easily treat it. Descending medi-
astinitis after cervical anastomosis is difficult to 
treat and should be treated by adequate drainage of 
the abscess and eventually the placement of a stent. 
Intrathoracic anastomotic leakages are strongly 
associated with mediastinitis and/or empyema and 
should be diagnosed in an early stage to prevent 

severe development to one of these complications. 
The first step in treatment of these complications is 
immediate addition of antibiotics and placement of 
a nasogastric probe. If patients show systemic 
symptoms, placement of a stent by an endoscopist 
is required. If the leakage worseness into a connec-
tion with the pleural cavity and/or the gastric tube 
becomes ischemic, a thoracotomy with removal of 
the anastomosis and drainage of the pleural cavity 
is recommended, sometimes with addition of a sur-
gical plasty. If there is enough length of the gastric 
tube left, a new anastomosis can be performed.

10.7	 �Oncological Outcomes

The randomized controlled TIME-trial analyzed 
the survivors of esophageal cancer after MIE and 
OE after a 1-year and 3-year follow-up [9]. All 
patients received neoadjuvant therapy. The overall 
survival rates (68% and 76%, resp.) and the dis-
ease-free survival rates (59% and 69%, resp.) after 
1 year were not significantly different between the 
open and MIE group, whereas outcomes of QoL 
questionnaires remained in favor of MIE. 
Unpublished data from this trial showed that the 
data of overall survival, disease-free survival and 
oncological data after 3  years of follow-up was 
not different between the two groups, indicating 
that the MIE is an oncologically safe procedure.

A prospective multicenter study showed an 
3-year overall survival rate of 58.4% in patients 
who underwent MIE [32]. Neoadjuvant therapy 
was received by 34% of these patients. The recur-
rence rate after a median follow-up of 35.8 months 
was 28.4%, including locoregional recurrences in 
6.7% of the patients.

Higher ypT or ypN, extracapsular lymph node 
invasion and R1-resections are other predictive 
factors to negatively influence the disease-free 
survival for patients with distal- or GEJ-tumors 
who underwent neoadjuvant therapy followed by 
open or minimally invasive TTE with an extended 
en bloc two-field lymphadenectomy [18].

�Conclusion

The incidence of cancer of the distal esopha-
gus and GEJ is increasing, whereby adenocar-
cinomas are dominating in the Western World 
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(up to 80% of all esophageal carcinomas). The 
advantages of MIE as a treatment of esopha-
geal or a GEJ cancer in comparison with OE 
are important improvements in the short-term 
outcomes, such as less blood loss, less respira-
tory infections, a better postoperative quality 
of life, with similar 1-year and 3-years sur-
vival rates. Tumors of the GEJ are classified 
by the Siewert classification, despite all its 
limitations. For Siewert types 1 and 2, the 
Ivor-Lewis esophagectomy is an ideal opera-
tion following neoadjuvant therapy. There is 
an important increase in the use of this 
approach per year with 41% of all esophageal 
resections in the Netherlands in 2015. This 
approach includes an intrathoracic anastomo-
sis after laparoscopic preparation of the gastric 
tube and thoracoscopic esophageal resection 
and intrathoracic anastomosis in prone posi-
tion. Other surgical options for an esophageal 
resection include a transhiatal esophagectomy 
or the (transthoracic) McKeown resection, in 
which a cervical anastomosis is performed. 
The transhiatal approach has its limitations 
due to the incapacity to perform a mediastinal 
lymphadenectomy and is reserved to frail 
patients with a distal or GEJ tumour who can-
not undergo thoracoscopy. In a non-random-
ized study, patients with intrathoracic 
anastomoses showed a better functional out-
come than the group with cervical anastomo-
ses along with less dysphagia, less benign 
strictures and lower incidence than recurrent 
nerve palsy. The proposed ICAN study will 
help to solve this question, comparing cervical 
with intrathoracic anastomoses. Our experi-
ence with intrathoracic anastomoses accompa-
nied by the Flap and Wrap technique limited 
the postoperative leakage rate to approxi-
mately 5% whereas the leakage rate in patients 
with cervical anastomoses remains up to 20%.

There is still no consensus about the ideal 
type of intrathoracic anastomosis. Different 
types of anastomoses are used, including 
manual, linear stapler, circular stapler and 
robot manual-assisted anastomoses. There is 
no evidence that one technique is better than 
the other, but general principles for anastomo-
ses such as the need of a well-vascularised 

gastric tube, no tension or traction on the 
anastomosis and adequate patency are impor-
tant factors to respect. In our experience, the 
Flap and Wrap anastomosis technique in 
which the anastomosis is covered behind a 
flap of pleura, fixed with stitches and having 
wrapped the entire anastomosis in omentum, 
hence accounts for a relative low leakage rate. 
Moreover, a total mediastinal lymphadenec-
tomy is highly recommended after neoadju-
vant therapy to increase survival rates, since 
having located lymph node metastases pre-
dicts the lowest disease-free survival of all 
lymph node fields.
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Robot Assisted Minimally Invasive 
Esophagectomy (RAMIE)

Pieter C. van der Sluis, Jelle P.H. Ruurda,  
Sylvia van der Horst, and Richard van Hillegersberg

11.1	 �Background

Esophageal cancer is the sixth most common 
cause of cancer death worldwide, with occur-
rence rates varying greatly by geographic loca-
tion [1]. The standard treatment for locally 
advanced esophageal cancer with curative intent 
is multimodality treatment containing either pre-
operative chemoradiation or perioperative che-
motherapy followed by open esophagectomy [2, 
3]. However, the open transthoracic esophagec-
tomy is associated with high morbidity and mor-
tality [4, 5].

Minimally invasive esophagectomy (MIE) 
was designed to improve the outcome of 
esophagectomy. Systematic reviews and results 
from a randomized controlled trial, comparing 
MIE to open transthoracic esophagectomy, 
showed decreased blood loss, fewer postopera-
tive complications and shorter hospital stays, 
with comparable short-term oncologic results 
[6–9].

However, MIE is not widely applied yet. 
Technical limitations and concerns about onco-
logic efficacy have been the main reasons for a 
limited application of this technique. Hence, the 
open procedure remains the preferred approach 
in most centers worldwide [10].

Robot-assisted minimally invasive thoraco-
laparoscopic esophagectomy (RAMIE) was 
developed in 2003  in the University Medical 
Center Utrecht (UMC Utrecht) to overcome the 
technical limitations of conventional MIE with 
the availability of three-dimensional vision and 
the use of more sophisticated precision instru-
ments [11–13] (Video 11.1). RAMIE was shown 
to be feasible and safe in a cohort of Western 
European patients with advanced esophageal 
cancer in both literature and our own results [13, 
14]. Furthermore RAMIE was oncologically 
effective, with a high percentage of R0 radical 
resections (95%) and adequate lymphadenec-
tomy. RAMIE provided good local control with a 
low percentage of local recurrence at long-term 
follow up [15].
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11.2	 �Robot-Assisted Minimally 
Invasive Thoraco-
Laparoscopic Esophagectomy 
(RAMIE) at UMC Utrecht

11.2.1	 �Preparation and Positioning

General and thoracic epidural anesthetics are 
combined to ensure sufficient intraoperative and 
postoperative analgesia. Recently we started 
using single-dose and bilateral paravertebral 
block combined with sufentanil in the context of 
our enhanced recovery after esophagectomy pro-
gram. This may provide similar postoperative 
analgesia and early discharge avoiding the disad-
vantages of epidural anesthesia such as catheter 
malposition and hypotension [16].

The patient is intubated with a left-side double-
lumen tube. During the thoracoscopic phase of the 
operation (first stage), patients are positioned in 
the left lateral decubitus position, tilted 45° 
towards the prone position to keep the collapsed 
lung from the operating field. The operating table 
is flexed, lowering the legs and upper thorax (the 

patient is positioned with the xyphoid above the 
pivoting point of the table). This extends the tho-
rax maximally and widens the intercostal space for 
introduction of the trocars. The trocars positions 
are marked relatively from the scapula (Fig. 11.1). 
The robotic system (DaVinci Si system, Intuitive 
Surgical Inc., Sunnyvale CA, USA) is placed at 
the dorsocranial side of the patient (Fig. 11.2).

Before incision, the right lung is collapsed. A 
10-mm camera port is placed at the sixth inter-
costal space, posterior to the posterior axillary 
line. Two 8-mm ports are placed under direct 
sight anterior to the scapular rim in the fourth 
intercostal space and more towards posterior in 
the ninth intercostal space. Two conventional 
10 mm disposable trocars are used in the fifth and 
seventh intercostal spaces just posterior to the 
posterior axillary line. These ports are used for 
thoracoscopic assistance such as suction, trac-
tion, clipping and insertion of additional surgical 
needs. CO2 insufflation of the thoracic cavity per-
mits excellent vision, without the need for retract-
ing the lung from the operative field. In case of a 
none-compliant lung, a retractor can be used.

Fig. 11.1  Trocar 
placement in the 
thoracic phase. Robotic 
arms 1 (yellow) and 2 
(green), camera (blue), 
and two assisting ports 
(white). MAL 
(midaxillary line) 
(©2014 Intuitive Surgical 
Inc., used with 
permission)
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11.3	 �Thoracoscopic Phase: 
Operative Procedure

After introduction of the trocars, possible pul-
monary adhesions are divided to obtain a clear 
sight of the operating field. The pulmonary liga-
ment is divided, the parietal pleura is dissected at 
the anterior side of the esophagus from the dia-
phragm up to the azygos arch. The azygos vein is 
ligated using robotically applied Hem-o-lok® 
clips (size Large, Teleflex Medical, Limerick, 
PA, USA). These clips are endowristed facilitat-
ing precise positioning. Dissection of the pari-
etal pleura is continued above the arch for a right 
paratracheal lymph node dissection. The right 
vagal nerve is dissected below the level of the 
carina to preserve its pulmonary branches and 
serves as lateral boundary of the paratracheal 
lymph node dissection [17, 18]. Subsequently, 
the parietal pleura is dissected at the posterior 
side along the azygos vein. Paratracheally left, 
the left recurrent nerve is identified and carefully 

protected. Lymph node dissection is performed 
en bloc with the esophagus from the aorta 
(Fig. 11.3) and along the avascular plain over the 
pericardium. At the level of the diaphragm, the 
thoracic duct is clipped with a 10-mm endo-
scopic clipping device (EndoclipTM II; Covidien, 
Mansfield, Massachusetts, USA). At this level, a 
Penrose drain is placed around the esophagus 
and retracted by the assistant to facilitate esoph-
ageal mobilization. In this way, the esophagus 
can be resected en bloc with the surrounding 
mediastinal lymph nodes and the thoracic duct 
from the diaphragm up to the thoracic inlet. 
Lymphadenectomy will include the paratracheal 
(lymph node station 2R and 2L), tracheobron-
chial (lymph node station 4), aortopulmonary 
window (station 5), carina (station 7, Fig. 11.4) 
and periesophageal (station 8) lymph nodes [19]. 
Aortoesophageal vessels are clipped and divided 
by the assisting surgeon. A thoracic tube is left 
in place and the thoracic wounds closed in two 
layers.

Fig. 11.2  Operating 
room set-up. (© 2014 
Intuitive Surgical Inc., 
used with permission)
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11.4	 �Laparoscopic Phase: 
Positioning

After completion of the thoracoscopic phase the 
patient is put in supine position for the abdomi-
nal phase (second stage). A laparoscopic 
approach is used without the robotic system. The 
camera is inserted through the 12-mm left para-
umbilical trocar port. All other ports are created 
under direct vision. A 12-mm working port is 
placed at the right midclavicular line at the 
umbilical level for introduction of the harmonic 
scalpel. Two 5-mm assisting trocars ports are 
used as working ports places subcostally and a 
12 mm trocar is placed right in the flank for the 
liver retractor.

11.5	 �Laparoscopic Phase: 
Operative Procedure

Pneumoperitoneum is created with CO2 insuf-
flation of 12 mmHg. First, the abdominal cav-
ity and the liver are inspected for possible 
metastases followed by opening of the hepato-
gastric ligament. The greater and lesser curva-
tures are dissected with ultrasonic harmonic 
scalpel (Ultracision, Ethicon Endosurgery, 
Johnson & Johnson, New Brunswick, New 
Jersey, USA) with careful sparing of the right 
gastroepiploic vessels. Abdominal lymphade-
nectomy includes lymph nodes surrounding 
the left gastric artery, the splenic artery, com-
mon hepatic artery and the lesser omental 

Fig. 11.3  Aortic 
dissection, 
demonstrating the 
peri-esophageal fascia

Fig. 11.4  Carinal 
lymph node dissection
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lymph nodes The left gastric artery is ligated 
with Hem-o-lok (Teleflex Medical, Weck Driv, 
NC) and transected at its origin.

Thereafter, the distal esophagus is dissected 
from the right and left crus by opening of the hia-
tus. The intra-abdominal CO2 level is reduced to 
6 mmHg to avoid excessive intrathoracic pressure 
and a chest tube is placed in the left pleural sinus 
to prevent a pressure pneumothorax.

Through a left-sided vertical incision along 
the sternocleidoid muscle, the cervical phase 
(third stage) of esophagectomy is initiated to 
facilitate mobilization of the cervical esophagus. 
The inferior thyroid artery is ligated. The esopha-
gus is dissected and a cord is sutured to the proxi-
mal part of the specimen to enable pull-up of the 
gastric conduit along the anatomical tract of the 
esophagus through the mediastinum under lapa-
roscopic view. No formal cervical lymph node 
dissection is carried out, but a cervical lymphad-
enectomy is performed if lymph node metastases 
are suspected macroscopically during the cervi-
cal phase of esophagectomy.

Pneumoperitoneum is installed and the esoph-
agus and surrounding lymph nodes are pulled 
through the hiatus into the abdomen under direct 
laparoscopic vision. The left paraumbilical port 
is widened to a 7-cm transverse transabdominal 
incision for removal of the resection specimen 
and stomach using a wound protector. A gastric 
conduit 5 cm wide is created with GIA linear sta-
plers (GIATM 80, 3_8mm; Medtronic, 
Minneapolis, Minnesota). The staples are over-
sewn with 3–0 polydioxanone [20]. The esopha-
gus and cardia resection specimen is sent for 
pathological examination and the paratracheal, 
subcarinal, peri-esophageal and left gastric artery 
were marked in the resection specimen [21].

The gastric conduit is pulled up through the 
mediastinum along the original anatomic tract of 
the esophagus with the aid of a laparoscopic 
camera bag used as protector. A cervical end-to-
side anastomosis is created between the gastric 
tube and the cervical oesophagus using 3/0 
polydioxanone single-layer running sutures [22]. 
The excess gastric tubing is removed using a 
GIA linear stapler and sent in for pathological 
analysis.

A jejunostomy feeding tube (Freka® FCJ-Set, 
Fresenius Kabi AG, Bad Homburg vd H., 
Germany) is placed at the level of the transverse 
incision and cervical and abdominal wounds are 
closed. The abdomen is closed in layers with PDS 
loop for the fascia and skin intracutaneously with 
monocryl. Patients are transferred to the intensive 
care unit (ICU) after the surgical procedure.

11.6	 �Future Directions

Since the introduction of RAMIE we have gained 
considerable experience with the use of the da 
Vinci robot in over 300 cases. However, we are 
continuously trying to improve RAMIE and 
pushing the limits by technical modifications and 
trying to operate more advanced cases. Recent 
progress, such as the hand sewn intrathoracic 
anastomosis, RAMIE for upper esophageal can-
cer with paratracheal lymph node metastases and 
cT4b tumors are described here.

11.7	 �Hand Sewn Intrathoracic 
Anastomosis and Upper 
Esophageal Cancer

Until recently we performed a three stage esopha-
gectomy (McKeown procedure) with a cervical 
hand-sewn end-to-side esophagogastric anastomo-
sis without the use of robot. The incidence of anas-
tomotic leakage after RAMIE with cervical 
esophagogastrostomy was reported to be relatively 
high (15–30%) [13, 15]. Furthermore, intratho-
racic manifestations of anastomotic leakage occur 
in more than half of patients with cervical anasto-
motic leakage [23, 24]. The incidence of leakage 
from intrathoracic anastomosis was reported to be 
lower [25, 26]. Therefore, we started performing a 
two stage (Ivor-Lewis) procedure with a robotic-
handsewn end-to-side intrathoracic anastomosis 
for distal esophageal tumors. Constructing an 
intrathoracic anastomosis in the upper thoracic 
aperture during conventional thoracoscopy might 
be technically challenging [27]. The robot over-
comes these technical problems due to the endo-
wristed intracorporeal instruments, tremor filtering 
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and its three-dimensional view of the surgical 
field. Therefore, in our opinion the robot contrib-
utes to a high quality hand sewn intrathoracic 
anastomosis, which is confirmed by the outcomes 
of our first experiences with the robotic-handsewn 
intrathoracic anastomosis.

Aforementioned technical advantages were 
also beneficial in esophagectomy for upper esoph-
ageal cancer. The upper mediastinum and thoracic 
aperture can be reached with an excellent 3D view 
and magnified observation of the operative field 
[28]. In this way, we were able to achieve an R0 
resection in 28 out of 29 patients (97%) with 
upper esophageal tumors and paratracheal lymph 
node involvement (unpublished data).

11.8	 �cT4b Esophageal Cancer

Until recently patients with cT4b tumors were 
considered inoperable and guidelines recommend 
definitive chemoradiotherapy (dCRT) as the treat-
ment of choice [29]. Definitive chemoradiotherapy 
is associated with a high rate of esophageal steno-
sis and esophageal perforation [30] Furthermore 
functional results are poor and recurrence occurs 
frequently in up to 41% [31]. Therefore, we started 
salvage surgery in patients with cT4b esophageal 
tumors after long-course chemoradiotherapy.

After long course chemoradiotherapy. Patients 
are restaged with positron emission tomography–
computed tomography and endobronchial ultra-
sound. Patients are selected for salvage surgery if 
tumor ingrowth in the surrounding organs was 
reduced. We believe that the enlarged 3D image 
allows for very precise dissection of the irradi-
ated tumor tissue from the trachea, bronchi, and 
aorta. The level of precision makes dissection in 
downstaged T4b tumors feasible. We are await-
ing the long-term oncologic and functional 
results with this approach for cT4b patients 
before it can be recommended for all patients.

�Conclusion

Robot assisted surgical procedures may over-
come the technical limitations of standard lap-
aroscopic and thoracoscopic procedures. The 
surgeon, who controls the console of the Da 

Vinci Robot, has a tenfold magnified 3D view 
of the surgical field. The articulated arms and 
instruments allow for more degrees of freedom 
of movement and the tremor of the surgeon is 
filtered out. These combined factors facilitate a 
precise radical dissection of the esophagus and 
peri-esophageal tissue along vital structures, 
such as the aorta, trachea, pulmonary vein and 
laryngeal recurrent nerve [12, 13]. Furthermore, 
a proper and accurate lymph node dissection 
can be performed, which may result in lower 
tumor recurrence [15].

Robot-assisted esophagectomy was shown 
to be a feasible and safe technique. In 2009 
our initial results with this technique were 
reported. In a prospective cohort study, 47 
patients with esophageal cancer underwent 
robot-assisted thoraco-laparoscopic esopha-
gectomy using the Da Vinci® robot. The 
esophagus was dissected en-bloc with sur-
rounding lymph nodes, which includes a para-
tracheal, subcarinal and para-esophageal 
lymph node dissection [13].

In 2015 we reported that RAMIE was 
oncologically effective, with a high percent-
age of R0 radical resections and adequate 
lymphadenectomy. RAMIE provided good 
local control with a low percentage of local 
recurrence at long-term follow up [15].

However, until now, the level of evidence 
for robot-assisted minimally invasive thoraco-
laparoscopic esophagectomy is based on case 
series or expert opinions only (Level 4 or 5). 
This emphasizes the need for well conducted 
randomized controlled trials and long-term 
survival studies within a framework of mea-
sured and comparable outcomes to prove the 
superiority of robot-assisted minimally inva-
sive thoraco-laparoscopic esophagectomy 
over the worldwide current standard open 
transthoracic esophagectomy. Therefore we 
started the ROBOT-trial (NCT01544790) to 
compare robot-assisted minimally invasive 
thoraco-laparoscopic esophagectomy with 
open transthoracic esophagectomy as surgical 
treatment for resectable esophageal cancer. 
The inclusion of this randomized controlled 
trial is closed and results are awaited soon.

P.C. van der Sluis et al.



119

References

	 1.	 Jemal A, Bray F, Center MM, et al. Global cancer sta-
tistics. CA Cancer J Clin. 2011;61(2):69–90.

	 2.	Mariette C, Piessen G, Triboulet JP. Therapeutic strat-
egies in oesophageal carcinoma: role of surgery and 
other modalities. Lancet Oncol. 2007;8(6):545–53.

	 3.	Boone J, Livestro DP, Elias SG, et  al. International 
survey on esophageal cancer: part I surgical tech-
niques. Dis Esophagus. 2009;22(3):195–202.

	 4.	Hulscher JB, van Sandick JW, de Boer AG, et  al. 
Extended transthoracic resection compared with lim-
ited transhiatal resection for adenocarcinoma of the 
esophagus. N Engl J Med. 2002;347(21):1662–9.

	 5.	Omloo JMT, Lagarde SM, Hulscher JBF, et  al. 
Extended transthoracic resection compared with lim-
ited transhiatal resection for adenocarcinoma of the 
mid/distal esophagus. Ann Surg. 2007;246(6): 
992–1001.

	 6.	Verhage RJ, Hazebroek EJ, Boone J, et al. Minimally 
invasive surgery compared to open procedures in 
esophagectomy for cancer: a systematic review of the 
literature. Minerva Chir. 2009;64:135–46.

	 7.	Safranek PM, Cubitt J, Booth MI, et  al. Review of 
open and minimal access approaches to oesophagec-
tomy for cancer. Br J Surg. 2010;97(12):1845–53.

	 8.	Gemmill EH, McCulloch P.  Systematic review of 
minimally invasive resection for gastro-oesophageal 
cancer. Br J Surg. 2007;94(12):1461–7.

	 9.	Biere SS, van Berge Henegouwen MI, Maas KW, 
et  al. Minimally invasive versus open oesophagec-
tomy for patients with oesophageal cancer: a multi-
centre, open-label, randomised controlled trial. 
Lancet. 2012;379(9829):1887–92.

	10.	Mamidanna R, Bottle A, Aylin P, et al. Short-term out-
comes following open versus minimally invasive 
esophagectomy for cancer in England: a population-
based national study. Ann Surg. 2012;255(2): 
197–203.

	11.	Ruurda JP, van Vroonhoven TJ, Broeders IA. Robot-
assisted surgical systems: a new era in laparoscopic 
surgery. Ann R Coll Surg Engl. 2002;84:223–6.

	12.	van Hillegersberg R, Boone J, Draaisma WA, et  al. 
First experience with robot-assisted thoracoscopic 
esophagolymphadenectomy for esophageal cancer. 
Surg Endosc. 2006;20(9):1435–9.

	13.	Boone J, Schipper ME, Moojen WA, et  al. Robot-
assisted thoracoscopic oesophagectomy for cancer. Br 
J Surg. 2009;96(8):878–86.

	14.	Ruurda JP, van der Sluis PC, van der Horst S, van 
Hilllegersberg R.  Robot-assisted minimally invasive 
esophagectomy for esophageal cancer: a systematic 
review. J Surg Oncol. 2015;112:257–65.

	15.	van der Sluis PC, Ruurda JP, Verhage RJ, van der 
Horst S, Haverkamp L, Siersema PD, Borel Rinkes 
IH, Ten Kate FJ, van Hillegersberg R.  Oncologic 
long-term results of robot-assisted minimally invasive 
thoraco-laparoscopic esophagectomy with two-field 
lymphadenectomy for esophageal cancer. Ann Surg 
Oncol. 2015;22:1350–6.

	16.	Zhang W, Fang C, Li J, Geng QT, Wang S, Kang F, 
et  al. Single-dose, bilateral paravertebral block plus 
intravenous sufentanil analgesia in patients with esoph-
ageal cancer undergoing combined thoracoscopic-
laparoscopic esophagectomy: a safe and effective 
alternative. J  Cardiothorac Vasc Anesth. 2014;28(4): 
966–72.

	17.	Weijs TJ, Ruurda JP, Luyer MD, Nieuwenhuijzen 
GA, van Hillegersberg R, Bleys RL.  Topography 
and extent of pulmonary vagus nerve supply with 
respect to transthoracic oesophagectomy. J  Anat. 
2015;227(4):431–9.

	18.	Weijs TJ, Ruurda JP, Luyer MD, Nieuwenhuijzen GA, 
van der Horst S, Bleys RL, et al. Preserving the pulmo-
nary vagus nerve branches during thoracoscopic 
esophagectomy. Surg Endosc. 2016;30(9):3816–22. 
doi:10.1007/s00464-015-4683-y. [Epub ahead of 
print].

	19.	Naruke T, Tsuchiya R, Kondo H, et al. Lymph node 
sampling in lung cancer: how should it be done? Eur 
J Cardiothorac Surg. 1999;16(Suppl 1):S17–24.

	20.	Boone J, Rinkes IH, van Hillegersberg R. Gastric con-
duit staple line after esophagectomy: to oversew or 
not? J Thorac Cardiovasc Surg. 2006;132:1491–2.

	21.	Verhage RJ, Zandvoort HJ, ten Kate FJ, et al. How to 
define a positive circumferential resection margin in 
T3 adenocarcinoma of the esophagus. Am J  Surg 
Pathol. 2011;35(6):919–26.

	22.	Haverkamp L, van der Sluis PC, Verhage RJ, Siersema 
PD, Ruurda JP, van Hillegersberg R. End-to-end cer-
vical esophagogastric anastomoses are associated 
with a higher number of strictures compared with 
end-to-side anastomoses. J  Gastrointest Surg. 
2013;17:872–6.

	23.	van Rossum PS, Haverkamp L, Carvello M, Ruurda 
JP, van Hillegersberg R. Management and outcome of 
cervical versus intrathoracic manifestation of cervical 
anastomotic leakage after transthoracic esophagec-
tomy for cancer. Dis Esophagus. 2017;30:1–8.

	24.	Biere SS, Maas KW, Cuesta MA, van der Peet DL. 
Cervical or thoracic anastomosis after esophagectomy 
for cancer: a systematic review and meta-analysis. 
Dig Surg. 2011;28:29–35.

	25.	van Workum F, van den Wildenberg FJ, Polat F, de 
Wilt JH, Rosman C. Minimally invasive oesophagec-
tomy: preliminary results after introduction of an 
intrathoracic anastomosis. Dig Surg. 2014;31:95–10.

	26.	Straatman J, van der Wielen N, Nieuwenhuijzen GA, 
Rosman C, Roig J, Scheepers JJ, Cuesta MA, Luyer 
MD, van Berge Henegouwen MI, van Workum F, 
Gisbertz SS, van der Peet DL. Techniques and short-
term outcomes for total minimally invasive Ivor Lewis 
esophageal resection in distal esophageal and gastro-
esophageal junction cancers: pooled data from six 
European centers. Surg Endosc. 2017;31(1):119–26. 
[Epub ahead of print].

	27.	Cerfolio RJ, Bryant AS, Hawn MT. Technical aspects 
and early results of robotic esophagectomy with 
chest anastomosis. J  Thorac Cardiovasc Surg. 
2013;145(1):90–6.

11  Robot Assisted Minimally Invasive Esophagectomy (RAMIE)

https://doi.org/10.1007/s00464-015-4683-y


120

	28.	Suda K, Ishida Y, Kawamura Y, Inaba K, Kanaya S, 
Teramukai S, et  al. Robot-assisted thoracoscopic 
lymphadenectomy along the left recurrent laryngeal 
nerve for esophageal squamous cell carcinoma in the 
prone position: technical report and short-term out-
comes. World J Surg. 2012;36(7):1608–16.

	29.	Ajani JA, D’Amico TA, Almhanna K, Bentrem DJ, 
Besh S, Chao J, et al. Esophageal and esophagogastric 
junction cancers, version 1.2015. J  Natl Compr 
Cancer Netw. 2015;13(2):194–227.

	30.	Versteijne E, van Laarhoven HW, van Hooft JE, van 
Os RM, Geijsen ED, van Berge Henegouwen MI, 
et  al. Definitive chemoradiation for patients with 
inoperable and/or unresectable esophageal cancer: 
locoregional recurrence pattern. Dis Esophagus. 
2015;28(5):453–9.

	31.	Gkika E, Gauler T, Eberhardt W, Stahl M, Stuschke 
M, Pöttgen CI. Long-term results of definitive radio-
chemotherapy in locally advanced cancers of the cer-
vical esophagus. Dis Esophagus. 2014;27(7):678–84.

P.C. van der Sluis et al.



121© Springer International Publishing AG 2017 
M.A. Cuesta (ed.), Minimally Invasive Surgery for Upper Abdominal Cancer, 
DOI 10.1007/978-3-319-54301-7_12

Minimally Invasive 
Esophagectomy Step by Step:  
How I Do It

Miguel A. Cuesta, Joris J. Scheepers, 
Jan Willem Dekker, and Donald L. van der Peet

12.1	 �3 Stage McKeown MIE 
Procedure (see the Video 12.1)

There are three different thoracoscopic 
approaches: the prone position, the lateral posi-
tion and the semiprone position.

The advantages of the prone position are: (a) 
the attainable range of thoracic cage and dia-
phragmatic excursion is greater than in the side 
position; (b) the amplitude of mediastinal swing 
or displacement is less; (c) exposure of the esoph-
ageal area is facilitated; (d) the weight of the lung 
itself allows it to fall forward; and (e) in the event 
of bleeding the blood flows away from its source, 
thus permitting its control with greater ease.

This approach was not commonly used until 
its introduction for Minimally Invasive 
Esophagectomy.

12.1.1	 Thoracoscopy in Prone Position

	 1.	 After induction of general anaesthesia, stan-
dard intratracheal intubation follows.

Patient is then positioned in prone decubitus 
position on a standard device in order to support 
on the head, upper thorax and pelvis. Abdomen 
is maintained free for breathing excursions. 
Position of the arms is very important in order 
to get abduction of the scapula. The arms are 
positioned on a support device in flexion of the 
shoulders and ellebows (Fig. 12.1a).

In this way the area between the spine and 
the inner edge of the scapula is broadened.

	 2.	 Surgeon stands on the right side of patient with 
the first assistant on his/her right side looking 
to the monitor in front of them. Scrub nurse 
stand on the left side of the surgeon (Fig. 12.1b).

	 3.	 Four trocars are placed along the inner edge 
of the right scapula (Fig. 12.1c). The first at 
the level of the lowest point of the scapula, a 
10  mm for the 30° thoracoscope. The sec-
ond, at the level of fourth intercostal space, 
5 mm; the third, at the level of eighth inter-
costal space, 12 mm and the last, at the level 
of third as work trocar for assistant (suction, 
lung retraction etc.). The first trocar is  
introduced open in the thoracic cavity, after 
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a

b c

Fig. 12.1  (a–c) Placement of patient in the prone position. Operating room setting during operation. Position of trocars 
along the medial aspect of the scapula

control by finger palpation that the thoracic 
space is free of adhesions. After introduction 
of the first trocar a positive insufflation of 
7–8  mmHg is initiated in order to retract 
enough the right lung for an adequate visual-
ization of the posterior mediastinum.

	 4.	 Inspection is performed of the pleural cavity 
and the esophageal area in order to assess if 
resection is possible (Fig. 12.2a, b).

Dissection starts anteriorly by cutting the 
pulmonary ligament, following the cutting line 
along the lung, along of the right pulmonary 
vein, the right bronchus up to the azygos vein.

	 5.	 Dissection is performed as much as possible 
from this right side. The esophagus is dis-
sected as far to the left from the hiatus and 

pericard sac. Dissection and lymphadenec-
tomy of the right bronchus and carina is per-
formed. Lymphadenectomy is not picking of 
lymph nodes but ‘en bloc’, the lymph nodes 
remain attached to the specimen. The right 
vagal nerve is dissected and divided at the 
lower edge of the right bronchus. The left 
bronchus and the distal trachea are now dis-
sected. Dissection takes place by means of 
the hook and sealing device taking care do 
not touch the trachea or bronchi.

	 6.	 Furthermore the azygos vein is dissected 
free and divided by means of vascular 
endo-stapler.

	 7.	 On the posterior side, the mediastinal pleura 
is cut longitudinally along the azygos vein 
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from the aorta arch to the costo-phrenic 
angle. In this way a broad piece of pleura is 
resected with the esophagus.

	 8.	 Along the plane of the descending aorta, the 
thoracic duct (between the aorta and azygos 
vein) is dissected free and clipped at distal and 
proximal level. Other surgeons prefer to pre-
serve the thoracic duct. With retraction of the 
esophagus to the right, the tissue (fascia) from 
the aorta to the esophagus (mesoesophagus) is 
divided by means of sealing device 
(Fig. 12.3a–d). In this way the posterior plane 

of the pericard, left pulmonary vein and con-
tralateral pleura is reached. Gentle traction of 
esophagus is needed by the first assistant.

	 9.	 Dissection continues in proximal direction 
between esophagus and trachea (pars mem-
branacea) to stop at the apex of the thoracic 
cavity (Fig. 12.4a–e).

	10.	 If a total mediastinal lymphadenectomy is 
indicated the paratracheal lymphadenectomy 
starts at the right side. After stripping the 
pleura to reach the superior vena cava, from 
there the lymphadenectomy is performed up 

a b

Fig. 12.2  (a, b) Inspection of the thorax

a

c d

b

Fig. 12.3  (a–c) Opening the pleura on both sides of the esophagus. (d) View of the mesoesophagus
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a

c

e

d

b

Fig. 12.4  (a–e) Inspection of mediastinum after esophageal resection: hiatus, pericard sac, carina and trachea

to the trachea, taking care not damage the 
right vagal nerve. The lymphadenectomy of 
the right recurrent laryngeal nerve is done 
after visualization of the nerve at the right 
subclavian artery (groups 2 and 4R). At the 
left side lymphadenectomy starts with care-
ful dissection of the left recurrent nerve. 
Dissection should be done gently without 
tractions and not use of diathermia, only 
scissors.

	11.	 After haemostasis and general inspection the 
thoracic cavity is drained and the ports closed.

12.1.2	 Laparoscopy

	1.	 Patient is placed for the laparoscopy and 
cervical phase of the operation. Five tro-
cars are introduced in the upper abdomen 
(Fig. 12.5a).

	2.	 Extensive lymphadenectomy of the celiac 
trunk and branches (D1+) is performed 
through the gastro-hepatic ligament after 
dividing the pars flaccida. After dissection 
and division of the left gastric artery and vein, 
dissection continues up to the hiatus.
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Fig. 12.5  (a–e) 
Laparoscopy and 
positions of trocars. 
Lymphadenectomy 
of the celiac trunk 
and dissection of the 
stomach with 
preservation of 
gastroepiploic 
vessels
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	3.	 Gastrocolic ligament is opened and working 
first in direction to the hiatus and afterwards to 
the pylorus, the stomach is mobilized com-
pletely with preservation of the gastro-epiploic 
vessels (Fig. 12.6b–e). In this part of the inter-
vention you can perform first the lymphade-
nectomy followed by the gastrolysis or first the 
gastrolysis followed by lymphadenectomy.

	4.	 Last part of the laparoscopic approach is the 
dissection of the hiatal area in which the hia-
tus is enlarged anteriorly and carefully a com-
munication is made with the thoracic 
dissection area (insufflation is lowered up to 8 
mm Hg in order to avoid ventilation prob-
lems). Take care that all the specimen, esopha-
gus and stomach are completely free!

12.1.3	 Cervical Phase

	1.	 At the same time a second team (if possible) 
approach the esophagus at the cervical area 
and after division the esophagus, the distal 
part is attached to a nasogastric tube in order 
to permit that the specimen can be retrieved 
by the abdominal surgeon through a well-
protected supraumbilical incision of 7 cm. A 
3–4 cm gastric tube is created by means of a 
linear stapler device. The gastric tube is fixed 
to the nasogastric tube, placed into the cervi-
cal area and anastomosed (Fig. 12.6a–d).

Other option will be to create the gastric 
tube totally intracorporeally (intraabdominal). 
Once the gastric mobilization has been accom-
plished, the gastric tube of 3–4 cm is created 
by means of endostaplers leaving a bridge 

between the specimen and the gastric tube 
(other option is to divide the stomach com-
pletely and to attach the gastric tube to the 
specimen by means of two stitches) (Fig. 12.7). 
Through a well protected neck incision the 
specimen and the gastric tube can now be exte-
riorized. After resection, an esophago-gastric 
tube anastomosis will be performed.

12.2	 �Minimally Invasive Ivor-
Lewis Esophagectomy  
(See the Video 12.2)

A two stage minimally invasive Ivor-Lewis 
approach with an intra-thoracic esophagus-gas-
tric tube anastomosis is an increasingly per-
formed intervention for many infracarinal located 
esophageal tumors (distal esophageal adenocar-
cinomas and Siewert 1 and 2).

	1.	 The operation starts with the laparoscopic 
procedure with lymphadenectomy of the 
celiac trunk branches (D1+).

	2.	 The stomach is mobilized with preservation of 
the gastro-epiploic vessels and a broad piece 
of proximal omentum.

	3.	 The gastric tube (3–4 cm wide) is created by 
endostaplers.

	4.	 The hiatus is dissected and distal esophagus 
dissected free along the oncological planes 
(aorta and pericard sac).

	5.	 A jejunostomy is created
	6.	 Patient is then placed in a prone decubitus 

position for right thoracoscopy.

d e

Fig. 12.5  (continued)
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a

c d

b

Fig. 12.6  (a–d) Exteriorization of the specimen, creation of gastric tube and neck anastomosis

Fig. 12.7  Creation of gastric tube intracorporeally

	7.	 After mobilization of the esophagus and 
lymphadenectomy up to the carina (if indi-
cated a total lymphadenectomy should be per-
formed), the esophagus is divided by staplers 
at the level of the azygos vein.

	8.	 The gastric tube and the specimen are pulled 
into the thorax through a wide hiatus. There 
are different possibilities to perform the 
anastomosis.

Summary of intrathoracic anastomosis 
(Figs. 12.8, 12.9, 12.10, 12.11, and 12.12)

	(a)	 Manual anastomosis (Fig. 12.8)
	(b)	 Linear stapler anastomosis followed by clo-

sure of the opening (Fig. 12.9)
	(c)	 Circular stapler anastomosis

•	 Orvil device® anastomosis (21 or 25 mm) 
(Fig. 12.10a, b)

12  Minimally Invasive Esophagectomy Step by Step: How I Do It



128

Fig. 12.8  Manual anastomosis

M.A. Cuesta et al.



129

•	 Conventional circular stapler around 
purse string (21, 25 or 28 mm) (Omental 
wrap anastomosis, Fig. 12.11)

•	 Robot assisted anastomosis (RAMIE) 
(Fig. 12.12).

	 9.	 A small protected thoracotomy is necessary 
for initiating the type of anastomosis in 

which a circular stapler will be positioned in 
the gastric tube and the anvil in the esopha-
geal stump. For performing the manual, 
robot assisted and linear anastomosis, doing 
an initial small-assistance thoracotomy is not 
required. Only at the end of the procedure 
will the specimen need to be retrieved 
through the abdomen (patient must be repo-

Fig. 12.9  Linear side to 
side anastomosis
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a

Fig. 12.10  (a) Circular anastomosis ORVIL. (b) Circular anastomosis ORVIL plus omental wrap, placement orvil in 
the esophagus stump 
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sitioned again) or retrieved at the end of the 
thoracoscopy by way of a small thoracotomy 
incision.

	10.	 Concerning the type of intubation needed 
during the anastomosis phase, what is 

required for the manual, robot assisted, and 
the linear anastomosis is only a single intu-
bation with two-lung ventilation (some 
anesthesiologists will use a selective intuba-
tion during the whole procedure). Whereas 

b

Fig. 12.10  (continued)
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holding for the circular stapler anastomosis, 
a total collapse of the right lung during anas-
tomosis is essential either by (a) selective 
intubation, or (b) placing a Fogarty catheter 
in the right bronchus to be inflated during 
the anastomosis phase or (3) applying to the 

wound a glove or some gel cap system along 
with maintaining a thoracic insufflation at 
7–8 mmHg (Fig. 12.13).

12.3	 �Minimally Invasive 
Transhiatal Esophagectomy 
Operative Technique  
(see the Video 12.3)

The conventional operation technique described 
by Orringer and Sloan [1] is performed 
laparoscopically.

	 1.	 The patient is positioned in the supine posi-
tion with the legs in the French position and 
the neck extended with exposure of the left 
side. The operating surgeon stands between 
the legs of the patient looking at two moni-
tors placed at shoulder level of the patient. 
Two assistants stand on both sides of the 
patient, with the nurse on the right side of the 
surgeon.

	 2.	 A pneumoperitoneum is created by a 10-mm 
incision halfway between the xiphoid and 
the umbilicus on the left side of the middle 
line. The 30 degree camera is introduced 
through this trocar, and four other trocars are 
placed in the upper abdomen (Fig. 12.14).

	 3.	 Abdominal and local inspection at the hia-
tus takes place (Fig. 12.15). After displace-
ment of the lateral segments of the left 
hepatic lobe and caudal traction of the 
stomach, a transhiatal dissection of the 
esophagus is laparoscopically performed in 
the plane between the pericardium, aorta, 
and both pleurae. For this part of the opera-
tion, a sealing device is used. After division 
of the hepatogastric ligament (pars flacida) 
and the most proximal short vessels, the 
space between the right crus and the esoph-
agus is gentle opened in order to dissect the 
esophagus free and place a sling around it. 
In the case of junction tumors, a ring of the 
hiatus muscle is resected. The sling, placed 
around the esophagus, will permit traction 
of the esophagus in the caudal direction 
(Fig. 12.16).

Fig. 12.11  Conventional circular stapler anastomosis 
and pleural flap
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Fig. 12.12  Robot assisted anastomosis (RAMIE)

	 4.	 The hiatus is enlarged by dividing the anterior 
part with the division of the phrenic vein by 
means of the Ligasure device according to 
Pinotti [2] (Fig. 12.17). Anteriorly dissection 
is performed in an avascular plane in the ante-
rior mediastinum with visualization of the 
pericardium and pulmonary vein (Fig. 12.18). 
Dissection continues anteriorly up to the level 
of the carina, in which the lymph nodes can be 
visualized but not resected.

	 5.	 On the right side of the esophagus, the aorta 
is approached at the level of the hiatus and in 
an avascular plane dissected free as high as 
possible in the posterior mediastinum.

	 6.	 Lateral dissection is performed on both 
sides at the level of the pleurae. The pleu-
rae are always opened, on both sides in 
most cases, with resection of some part of 
it if necessary. The anaesthesiologist is 
warned of this situation because the 
mechanical ventilation must be adapted. 
Mechanical ventilation is corrected by 
means of increase of minute volume, use 
of positive end-expiratory pressure (PEEP) 
and decrease of the insufflation pressure to 
about 10  mmHg [3]. The esophagus is 
resected laparoscopically in this way, 
together with para-esophageal tissue and 
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periesophageal lymph nodes, to the level 
of the carina (Fig. 12.19a–d).

	 7.	 By retracting the stomach to the left, a D1+ 
lymphadenectomy of the celiac trunk and 
their branches is performed, to be followed 
by division of the left gastric artery and vein 
by means of a sealing device or clips. From 
there, the dissection is completed up to the 
hiatus (Fig. 12.20a–c).

	 8.	 The sealing device is used to mobilize the 
greater curvature of the stomach by dividing 
the gastro-colic ligament from the antrum-
body junction, with preservation of the gas-
troepiploic vessels. Afterwards, the short 
gastric vessels are approached and divided 
up to the left crus of the hiatus.

(These two steps, 7 and 8, can be performed 
in different order, first lymphadenectomy fol-
lowed by gastric dissection or first gastric dis-
section followed by lymphadenectomy).

	 9.	 The next step is dissection of the cervical 
esophagus by means of a left-side cervical 
incision.

	10.	 At the same time (if possible), another sur-
geon performs a small assistance periumbili-
cal incision (7 cm) with protection. Through 
the lateral left trocar, a venous stripper is 
introduced into the gastric lumen by a small 
incision in the lesser gastric curvature and 
then pushed up to the cervical dissected 
esophagus. If the stripper cannot be pushed 
because of the obstruction caused by the 

Fig. 12.13  Gel cap system used in the small thoracot-
omy wound in order to maintain the insufflation and per-
mit introduction of staplers and work trocars
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Fig. 12.15  Complete abdominal inspection is followed 
by local inspection of the hiatal area. Especially attention 
is paid, if tumor is located in the G-E junction, to its rela-
tion with the hiatal structures and lymph nodes

tumour, the feeding tube can be withdrawn 
via the small opening in the stomach and then 
exteriorised. The cervical esophagus is 
divided, after which the most distal part is 
closed around the stripper. A nasogastric tube 
is attached to it. Through the abdominal inci-
sion and manual assisted stripping of the 
esophagus will take place. This nasogastric 
tube can be used afterwards to lead the gastric 
tube upside to the cervical incision.

	11.	 In this way, with the hand of the surgeon in the 
abdomen, the controlled stripping can be safely 

performed. In most patients, branches of the 
vagal nerves must be divided at this stage to 
retrieve the specimen through a fully protected 
periumbilical incision (Fig. 12.21a–c).

	12.	 Once the specimen retrieved outside the 
abdomen, the mobilization of the stomach is 
completed, and the gastric tube is created, 

Fig. 12.16  In the case of a G-E junction tumor, a ring of 
the hiatus is excised in continuity with the tumor. Very 
gentle dissection permits to dissect the esophagus free and 
to put a sling around it for traction

Fig. 12.17  Hiatus is open anteriorly according to Pinotti; 
the phrenic vein being divided by means of clips or seal-
ing device

Fig. 12.18  Gentle blunt dissection is anteriorly per-
formed along the plane of the pericard sac and inferior 
pulmonary vein
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a b

c d

Fig. 12.19  (a–d) Posteriorly the aorta is dissected free at 
the level of the hiatus and dissected bluntly in proximal 
direction (a–c). Dissection proceeds at both lateral parts, 

taking down the lateral tissue (most of cases with a wedge 
of the pleura) by means of sealing device. (d): the carina 
is visualized

Fig. 12.20  (a–c) Procedure proceeds with gastrolysis 
along the greater curvature with preservation of the 

gastro-epiploic vessels (a–b). Lymphadenectomy of the 
celiac trunk should be now performed (c)

a b
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c

Fig. 12.20  (continued)

a

c

b

Fig. 12.21  (a–c) The cervical incision is done and after division of the esophagus, and by means of a stripper the speci-
men can be retrieved and exteriorized through the small and well protected abdominal wound
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3–4 cm width, by using stapling device. The 
gastric tube then is oversewn and attached to 
the nasogastric tube and replaced in the 
abdomen. Next, the gastric tube is placed 
under vision into the cervical esophagus by 
traction of the nasogastric tube. A cervical 
anastomosis is created (Fig. 12.22a–c).

	13.	 Through the transumbilical incision a jeju-
nostomy feeding tube was placed for feeding 
and the two thoracic cavities were drained by 
two thoracic drains placed through the trocar 
openings. In none of the patients in this 
series was a Kocher manoeuvre, a pyloromy-
otomy, or a pyloroplasty performed.

Postoperatively patients were extubated 
after the operation when haemodinamically and 
respiratory stable.

Patients were fed through the jejunostomy 
feeding tube from the first day after their 
operation, until the oral feeding could be com-
pletely resumed.

Active mobilization and physiotherapy fol-
lows. On postoperative day 3 the nasogastric tube 
was removed and oral feeding was started.

a

c

b

Fig. 12.22  (a–c) Once the specimen is exteriorized, gas-
tric tube (3–4 cm) is created by means of staplers along 
the greater curvature. The good vascularized gastric tube 
is oversewn, attached to a nasogastric tube and pulled up 

into the cervical wound and anastomosed (a–c). Through 
the small laparotomy a jejunostomy catheter is introduced 
and both thoracic cavities are drained by means of drains 
introduced through the abdominal trocars ports
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12.4	 �Comments

Current use of pyloroplasty remains controversial 
as well [4]. Even though many authors still 
include the drainage of the pylorus in the opera-
tive procedure. In our experience the avoidance of 
this pyloroplasty have not lead to any emptying 
problems of the gastric tube during the postopera-
tive period but control of the pylorus passage at 
the third postoperative day is important. Therefore 
we do not recommend a routine pyloroplasty as 
part of the gastric tube formation.
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Surgical Anatomy of the Omental 
Bursa

Hylke J.F. Brenkman, Nicole I. van der Wielen, 
Ronald L.A. Bleys, Maarten S. van Leeuwen, 
Joris J. Scheepers, Donald L. van der Peet, 
Jelle P. Ruurda, Richard van Hillegersberg, 
and Miguel A. Cuesta

13.1	 �Introduction

During Minimally Invasive Surgery (MIS) of the 
Upper Gastrointestinal (GI) tract, such as esopha-
gectomy, gastrectomy, pancreatectomy, and 
transverse colectomy, it is imperative to have a 
thorough knowledge of the omental bursa (or: 
lesser sac) in order to perform an adequate dis-
section of those organs and an appropriate lymph-
adenectomy. Yet the surgical anatomy of the 
omental bursa seems very complex as the rota-
tional embryological development of the upper 
abdominal organs results in a crossroads of these 
organs with accompanying vessels and lymph 

nodes [1], hence making surgery around these 
organs quite difficult.

Our observation and dissection of the omental 
bursa during MIS prompted a descriptive study 
of this area, based on laparoscopic observation, 
with the aim to devise an understandable surgical 
anatomical concept.

From our surgical-anatomic point of view we 
deemed the following two points important to 
know: (1) What are the boundaries of the omental 
bursa? (2) Which of the varying approaches to 
the omental bursa bring about the most complete 
lymphadenectomy?

13.1.1	 �Laparoscopic Gastrectomy

The surgical steps to perform a laparoscopic gas-
trectomy are

	1.	 Omentectomy
	2.	 Lymphadenectomy
	3.	 Resection of the organ (distal or total 

gastrectomy)
	4.	 Reconstruction by anastomosis

Cancer deposits and presence of cancer cells 
in lymph nodes in the greater omentum varies 
between 5 and 10% of the patients and it is 
associated with a relative worse prognosis. In 
laparoscopic gastrectomy, omentectomy is still a 
part of the procedure [1, 2].
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In order to perform the steps 2 and 3, surgical 
approach and knowledge of the omental bursa is 
essential.

13.2	 �Surgical Anatomy 
of the Omental Bursa

A schematic anterior view of the bursa is shown 
in Illustration 1. If the omental bursa is visualized 
as a square box, the anterior aspect of the omental 
bursa consists of the hepatogastric ligament (pars 
flaccida), the posterior wall of the stomach (main 
part), the gastrocolic ligament with the gastroepi-
ploic vessels, and the gastrosplenic ligament with 
the short gastric vessels.

At the posterior wall, at the most cranial part, 
the gastropancreatic fold, from the aorta to the 
lesser gastric curvature, contains the celiac trunk 
and left gastric vessels and divides the cranial 
part of the omental bursa in two compartments 
(Fig. 13.1). The right space is commonly named 
the superior recess, whereas the left space is 
commonly known as the splenic recess. The con-
nection between the superior recess and the 
splenic recess takes place at the level of the pan-

creas just caudal to the celiac trunk; this part of 
the omental bursa is called the vestibulum. 
During MIS, one enters the superior recess by 
opening the hepatogastric ligament (pars flac-
cida), and the splenic recess by opening the gas-
trocolic or gastrosplenic ligament.

From caudal to cranial, the posterior wall and 
floor of the splenic recess consists of the trans-
verse mesocolon up to the inferior edge of the 
pancreas, the splenorenal ligament with the 
splenic artery and vein, and more cranially the 
retroperitoneum (covering the left adrenal gland 
and left kidney) up to the diaphragm. The left 
lateral wall is formed in the upper part by the 
gastrosplenic ligament, the short gastric vessels 
fold and the left gastroomental fold (Fig. 13.1). 
These two folds contain the short gastric vessels 
and the left gastroepiploic vessels, respectively 
originating from the distal splenic artery and 
running upward and downward to the greater 
gastric curvature. At the level of the head of the 
pancreas the right gastroomental fold, contain-
ing the right gastroepiploic vessels (originating 
from the gastroduodenal artery once this artery 
has passed under the duodenum) forms the  right 
inferior side of the omental bursa (Fig.  13.2). 
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2 - inferior vena cava 

3 - gastropancreatic fold 

4 - celiac trunk 

5 - right gastroomental fold 

6 - short gastric fold 

7 - left gastroomental fold 

8 - left recess 

9 - splenic recess 
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11 - transverse mesocolon
        implantation  

12 - hepatoduodenal ligament 
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Fig. 13.1  Illustration of 
the bursa omentalis. 
(1) Foramen Winslow. 
(2) Inferior vena cava. 
(3) Gastropancreatic 
fold. (4) Celiac trunk. 
(5) Right gastroomental 
fold. (6) Short gastric 
fold. (7) Left 
gastroomental fold. 
(8) Left recess. (9) Splenic 
recess. (10) Pancreas. 
(11) Transverse 
mesocolon. 
(12) Hepatoduodenal 
ligament. (13) Aorta
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This inferior part of the omental bursa is named 
the inferior recess. During MIS, one enters the 
inferior recess by opening the gastrocolic liga-
ment or after omentectomy during laparoscopic 
gastrectomy.

At the superior recess and from caudal to 
cranial the posterior wall consists of the infe-
rior vena cava and the caudate lobe (segment 1) 
of the liver up to the right crus of the dia-
phragm. The anterior side of the hepatoduode-
nal ligament is located inside the omental bursa 
and forms the most distal part of the superior 
recess (Fig 13.1). The greater sac of the perito-
neal cavity and the omental bursa are con-
nected through the omental foramen (foramen 
of Winslow). Boundaries of the foramen of 
Winslow are as follows: it is bounded cranially 
by the caudate lobe, caudally by the first part of 
the duodenum, ventrally by the hepatoduode-
nal ligament, and dorsally by the inferior vena 
cava (Illustration 1). In this way, both the ante-
rior and posterior aspects of the hepatoduode-

nal ligament are covered by peritoneum of the 
omental bursa. After entering the omental  
foramen (Fig. 13.3), one enters the vestibulum 
of the omental bursa.

13.2.1	 �Lymphandenectomy 
for Gastric Cancer

The celiac trunk forms part of the posterior wall 
of the omental bursa (gastropancreatic fold, 
Fig. 13.2) and is covered by peritoneum, fat and 
lymph nodes. All D2 lymph nodes (LN) accord-
ing to the Japanese classification are in relation 
with the celiac trunk or its branches (left gastric 
artery, splenic artery and the hepatic artery) 
whereas the D1 LN are located at the greater and 
lesser curvatures. D2 lymphadenectomy includes 
the groups number 8a–12a whereas in distal gas-
trectomy the groups number 8a–11p [3].

13.2.2	 �Surgical Approach 
of the Omental Bursa

During minimally invasive upper GI surgery, the 
omental bursa can be opened in three ways:

	1.	 by incision of the hepatogastric ligament (pars 
flaccida of the lesser omentum).

	2.	 through the gastrocolic and gastrosplenic liga-
ment, and

	3.	 by opening the transverse mesocolon at the 
level of the pancreas.

The first option starts by opening the lesser 
omentum and retraction of the stomach to the 
left, so that the superior edge of the pancreas can 
be visualized. Opening of the peritoneum above 
the pancreas permits dissection of the common 
hepatic artery and from there dissection proceeds 
up to the liver along the right gastric artery up to 
the level of proper hepatic artery.

At that point, lymphadenectomy is done starting 
with groups number 9, 8a and 12a up to the right 
crus of the hiatus along the portal vein and inferior 
vena cava. Proceeding from the common hepatic 
artery to the left, the celiac trunk is approached, the 

Fig. 13.2  Gastropancreatic plica (fold)

Fig. 13.3  Foramen of Winslow
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left gastric vein and artery are dissected free and 
then divided (lymphadenectomy of group 7). The 
next step is to continue the lymphadenectomy along 
the splenic artery—as far as possible—on the supe-
rior edge of the body of the pancreas. In this way, all 
the D2 lymph nodes groups 11p, and 11d are 
excised “en bloc” with exception of station 10 
located at the splenic hilum. Important to note is 
that LN groups, numbers 6 (D1), 10 (D2) and 12a 
(D2), considered as “extreme groups” and difficult 
to resect during gastrectomy are located at the edge 
of the omental bursa, as they lay inside the right gas-
troomental fold (Fig. 13.4b) and the hilum of the 
spleen and liver respectively. The gastroomental 
fold (with the right gastroepiploic vessels, number 
6) have to be dissected free from the transverse 
mesocolon in order to be identified and the other 
two groups have to be approached at the hilum of 
both organs, liver (number 12a) and spleen (number 
10) respectively.

The second option starts by entering the 
omental bursa through the gastrocolic and gastro-
splenic ligament. This permits a good approach 
of the celiac trunk with its three arterial branches, 
but to a lesser extent visualization of the lymph 
nodes along the hepatic artery to the hilum of the 
liver. In many cases a combination of both 
approaches is necessary. The first two approaches 
are used in Upper GI surgery, being the approach 
through the gastrosplenic ligament used to create 
any type of fundoplication during surgery for 
Gastroesophageal Reflux disease. The last option, 
the opening of the transverse mesocolon at the 
level of the distal pancreas, is used in colorectal 
surgery for mobilization of the splenic flexure.

13.3	 �Discussion

A comprehensive concept of the live surgical 
anatomy is necessary for ensuring anatomical 
accuracy as well as reproducible radical surgery 
resections for cancer.

During MIS of the Upper GI tract, including 
esophageal, gastric and duodeno-pancreatic resec-
tions, the omental bursa may be a difficult area to 
visualize and to dissect when surgeons try to per-
form an adequate celiac trunk and branches lymph-
adenectomy and resection of the involved organ. It 
is a complex area in which during the ontogenesis 
the embryological anatomy developed into a cross-
roads of important vessels and digestive organs.

Particularly for the Upper GI surgeon—dedi-
cated to MIS of the Upper GI tract—having a 
comprehensive knowledge of the omental bursa 
is imperative. MIS of the Upper GI organs is 
increasingly performed and certain interventions, 
such as the esophagectomy, gastrectomy and 
pancreatectomies are being evaluated through 
randomized controlled trials [4–6]. Our aim was 
to describe the surgical boundaries of the omental 
bursa, with surgical landmarks and folds that 
have to be visualized and dissected, and demon-
strating how to perform an adequate lymphade-
nectomy followed by an oncological resection of 
the involved organ.

Moreover, the two ways for approaching the 
omental bursa, first through the lesser omentum and 
second through the gastrocolic ligament, are 
described. Both are not exclusive and in many 
events a combination of both approaches can help 
for gaining an adequate lymphadenectomy.

In conclusion, it appears that dissection of struc-
tures surrounding the bursa by MIS can be demand-
ing because of the complex anatomy [7]. We have 
argued that having knowledge of the surgical anat-
omy and landmarks of the resection will enable a 
more adequate and reproducible surgical resection 
during Upper GI MIS. The conclusion can be that 
the advantages gained by MIS, such as visualization 
and magnification, contribute to a more complete 
knowledge of the omental bursa with its central 
location in the upper abdomen.

Fig. 13.4  Right gastroomental fold
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Neoadjuvant Treatment of Gastric 
Cancer

Yvette H.M. Claassen, Henk H. Hartgrink, 
Wobbe O. De Steur, Marije Slingerland, 
and Cornelis J.H. Van de Velde

14.1	 �Introduction

Gastric cancer remains a significant health prob-
lem. Despite the fact that the incidence of gastric 
cancer over the last decades decreased consider-
ably, it is still the fifth most common malignancy 
in the world with approximately one million new 
cases each year. With over 700,000 deaths yearly 
it is the third leading cause of cancer deaths in 
both sexes worldwide, with the highest mortality 
rates reported in Eastern Asia (14.0 per 100,000 
males and 9.8 per 100,000 females) [1].

Surgery is still the cornerstone in treatment of 
curable gastric cancer. Nowadays, gastrectomies 
are increasingly minimally invasive performed. 
The results of gastrectomies have improved over 
the last years with respect to morbidity, postop-
erative mortality, and survival [2]. However, 
whether the extended lymph node dissection con-
tributed to this improvement is still unclear as the 
last decades the role of extended lymph node dis-
section has been controversial. In Asian countries 
an extended lymph node dissection (D2) has been 

the standard procedure for the last two decades, 
whereas in Western countries only a limited 
lymph node dissection (D1) was common prac-
tice until recently [2]. Many studies have investi-
gated the benefit of an extended lymph node 
dissection (D2) over the standard limited (D1) 
lymphadenectomy for Western patients, includ-
ing three methodologically well performed ran-
domized clinical trials, the UK Medical Research 
Council (MRC) surgical trial, the Dutch Gastric 
Cancer Trial (DGCT), and the Italian Gastric 
Cancer Trial [3–5]. Initially none of these trials 
showed a difference in overall survival, though a 
D2 lymphadenectomy was associated with a sig-
nificant higher morbidity- and mortality rate [3–5].  
Long term follow up in the Dutch trial, however, 
did show a benefit for the more extended lymph 
node dissection, especially if morbidity and mor-
tality could be minimalized [4, 6]. Furthermore, 
the Italian trial showed that an extended lymph 
node dissection was beneficial for patients with 
node positive disease [5]. Nevertheless, survival 
after surgery alone with a D2 lymph node dissec-
tion remains poor with a 5-year survival rate 
around 50% in Western countries [2].

As no further great improvements were 
expected in the field of surgery, new treatment 
strategies were urgently needed to improve sur-
vival rates of gastric cancer. In order to achieve 
this, numerous studies were conducted with multi-
modal treatment strategies, such as (neo) adjuvant 
chemotherapy and/or radiotherapy, in addition to 
surgery. First, adjuvant chemotherapy was tested 
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in several trials with limited patients, but with 
promising results [7]. Later on, the role of chemo-
therapy in neoadjuvant setting was evaluated, 
starting in the Dutch FAMTX trial, and developed 
to an essential part of the treatment of gastric can-
cer [8]. Application of radiotherapy in neoadju-
vant setting has also gained space over time. The 
last years attention has risen increasingly for che-
motherapy combined with targeted agents. 
Consequently, in the last 15 years, major advances 
in the field of multimodal treatment strategies have 
changed clinical management of gastric cancer.

This chapter comprises the current status of 
neoadjuvant therapy in treatment of gastric can-
cer in the Western world. Future directions in the 
treatment of gastric cancer are addressed.

14.2	 �Neo-Adjuvant/Perioperative 
Chemotherapy

The use of preoperative chemotherapy in gastric 
cancer was considered to achieve downstaging of 
the tumor, to improve resectability, and to 
increase the likelihood of completing multimodal 
treatment, as surgery is associated with substan-
tial morbidity rates. An overview of studies 
investigating the impact of neo-adjuvant/periop-
erative chemotherapy in gastric cancer is shown 
in Table 14.1. One of the first randomized clinical 
trials investigating the added value of neoadju-
vant chemotherapy in resectable gastric cancer 
was the Dutch FAMTX trial (also known as the 
POCOM (Preoperative Chemotherapy for 

Operable Gastric Cancer) trial) [8]. The aim of 
this trial was to investigate whether pre-operative 
chemotherapy led to a 15% higher curative 
resectability rate in patients with operable gastric 
cancer. After adequate staging, patients were ran-
domized to receive either four courses of FAMTX 
(5-fluorouracil, doxorubicin, and methotrexate), 
followed by surgery or surgery alone. With a two-
sided significance level of 5% and a power of 
90%, 225 patients were required in each arm. 
Due to poor accrual an interim analysis was pre-
maturely performed where no difference in 
resectability rates was observed between both 
arms. Based on these results and poor accrual, the 
trial was prematurely closed. Between 1993 and 
1996, 59 patients were randomized of which 29 
patients were allocated to the FAMTX regimen 
and 30 patients to surgery alone. A beneficial 
effect of the pre-operative FAMTX could not be 
shown as the results showed equal resectability 
rates in both groups. The response rate (complete 
or partial) in the FAMTX group was only 32%, 
which was comparable with lower results of pre-
vious reported data. The median survival was 
18  months in the FAMTX group compared to 
30 months in the surgery alone group (P = 0.17). 
At initiation of this trial in the early 90s, a 
FAMTX regimen was chosen because of its 
repeatedly demonstrated steady response rates, 
lower toxicity compared with EAP (etoposide, 
5-fluorouracil (5-FU) and methotrexate), lower 
costs, and lower toxicity compared with 
FEMTX-P (5-FU, epidoxorubicin, methotrexate, 
and cisplatin). Moreover, at that time FAMTX 

Table 14.1  Overview of studies investigating the impact of neoadjuvant/perioperative chemotherapy in resectable 
gastric cancer

Trial Years N Treatment Results P

FAMTX trial [8] 1993–1996 29 FAMTX—S Median survival: 18 months 0.17

30 S Median survival: 30 months

MAGIC trial [9] 1994–2002 250 ECF—S—ECF HR 0.75 (CI: 0.60–0.93) 0.009

253 S

FNLCC/FFDC trial [10] 1995–2003 113 CF—S—CF HR 0.69 (CI: 0.50–0.95) 0.02

111 S

EORTC 40954 [11] 1999–2004 113 CF—S HR 0.84 (CI: 0.52–1.35) 0.466

111 S

N number of patients, P p-value, FAMTX 5-fluorouracil, doxorubicin, and methotrexate, S surgery, ECF epirubicin, 
cisplatin, and 5-fluorouracil, HR hazard ratio, CI 95% confidence interval, CF cisplatin and 5-fluorouracil
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was considered the golden standard for future 
randomised trials. After prematurely closing the 
study investigators suggested that more active 
regimens than FAMTX are required for future 
randomised trials, such as epirubicin, cisplatin, 
and 5-fluorouracil (ECF).

A landmark study in the field of perioperative 
chemotherapy for gastric cancer is the United 
Kingdom Medical Research Council MAGIC 
study in which Dutch participants contributed 
significantly [9]. This trial was the first random-
ized clinical trial showing a survival benefit for 
perioperative chemotherapy in gastric cancer 
compared to surgery alone. Patients with resect-
able adenocarcinoma of the stomach, esophago-
gastric junction (GEJ), or lower esophagus were 
included. Between 1994 and 2002, 250 patients 
were randomly assigned to perioperative chemo-
therapy and 253 patients to surgery alone. 
Chemotherapy consisted of three preoperative 
and three postoperative cycles of intravenous epi-
rubicin (50  mg/m2 body surface) and cisplatin 
(60 mg/m2) on day 1, and a continuous intrave-
nous infusion of 5-fluorouracil (200 mg/m2/day). 
The primary endpoint was overall survival. 
Postoperative complications rates were similar in 
the perioperative and the surgery alone group 
(46% vs. 45%), as were the numbers of death 
within 30 days (6% vs. 6%). In the perioperative 
chemotherapy group more patients were able to 
undergo surgery (79% vs. 70%) and tumors were 
significantly smaller (T1/T2 52% vs. 37%) with 
less involved lymph nodes (N0/N1 84% vs. 
71%). The perioperative chemotherapy group 
improved both overall survival (HR 0.75; 95% 
CI: 0.60–0.93, P  =  0.009; 5-year survival rate 
36% vs. 23%) as disease-free survival (HR 0.66; 
95% CI: 053–0.81, P < 0.001) compared to sur-
gery alone. Despite these promising results, this 
trial was criticized for the fact that only 54% of 
the patients completed the entire treatment, sug-
gesting that the benefit found was largely derived 
from neoadjuvant ECF.

Similar outcomes as the MAGIC trial were 
achieved in the French FNCLCC and FFCD multi-
centre phase III trial [10]. A total of 224 patients 
with resectable adenocarcinoma of the lower 
esophagus, GEJ, or stomach were randomized to 

receive either 2–3  cycles of preoperative and 
3–4  cycles of perioperative chemotherapy 
(5-fluorouracil 800 mg/m2 daily for 5 days plus cis-
platin 100 mg/m2 on day 1 or 2, every 4 weeks; 
n = 113) or surgery alone (n = 111). The periopera-
tive chemotherapy group had a better overall sur-
vival (HR 0.69; 95% CI: 0.50–0.95, P  =  0.02; 
5-year survival rate 38% vs. 24%) and a better dis-
ease-free survival (HR 0.65; 95% CI: 0.48–0.89, 
P = 0.003; 5-year rate 34% vs. 19%).

The European Organisation for Research and 
Treatment of Cancer randomized trial (EORTC 
40954) was closed due to poor accrual and was 
not able to demonstrate a survival benefit for neo-
adjuvant chemotherapy compared to surgery 
alone (HR 0.84; 95% CI: 0.52–1.35, P = 0.466) 
[11]. Possible explanations according the study 
investigators were a low statistical power, a high 
rate of proximal gastric cancer, and a better out-
come than expected after surgery alone. This 
trial, however, did show a significantly increased 
R0 resection rate in favour of the neoadjuvant 
chemotherapy group (82% vs. 67%, P = 0.036).

A recent meta-analysis of Yang et al. investi-
gated the effect of neoadjuvant chemotherapy on 
the survival outcomes of resectable gastric cancer 
[12]. Results showed that perioperative chemo-
therapy led to an increase in progression-free sur-
vival (HR = 0.66; 95% CI: 0.55–0.78, P ≤ 0.001) 
and reduction in distant metastases (RR = 0.72, 
95% CI: 0.59–0.87, P = 0.001) compared to sur-
gery alone. A trend toward favouring neo-
adjuvant chemotherapy compared to no 
neo-adjuvant chemotherapy was observed in 
overall survival, but was not significant 
(HR = 0.68, 95% CI: 0.44–1.05, P = 0.08) [12].

14.3	 �Neoadjuvant 
Chemoradiotherapy

Application of radiotherapy in the neoadjuvant 
setting has gained ground over the years. In the-
ory, the gastric tumor remains intact leading to a 
facile treatment planning by the conserved nor-
mal anatomy and there is limited toxicity to adja-
cent organs. An overview of studies investigating 
the impact of neoadjuvant chemoradiotherapy is 
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provided in Table 14.2. A German phase III ran-
domized clinical trial (POET trial) aimed to 
address the question of whether adding chemora-
diotherapy to neoadjuvant chemotherapy (cispla-
tin, 5-fluorouracil, and leucovorin) in tumors of 
the lower esophagus and gastric cardia would 
lead to survival benefit compared to chemother-
apy alone [13]. The study was planned according 
a two-stage adaptive design. The alternative 
hypothesis was superiority of 10% in 3-year sur-
vival of the chemoradiotherapy arm compared 
with the chemotherapy arm. With one-sided sig-
nificance level of 5% and power of 80% the 
required amount of 263 patients each arm was 
not achieved resulting in prematurely closing of 
the trial. From 2000 and 2006, 126 patients were 
randomly assigned. A significant higher proba-
bility of showing pathological complete response 
was found in favour of the chemoradiotherapy 
group (15.6% vs. 2.0%, P  =  0.03). This study 
found a trend toward improved 3-year survival 
with the addition of chemoradiotherapy to che-
motherapy alone (27.7% vs. 47.4%, P  =  0.07). 
However, no statistical significance was seen, 
most likely due to prematurely closing of the 
study.

Later on, the Dutch CROSS trial was conducted 
to demonstrate the benefit of neoadjuvant chemo-
radiotherapy in esophageal or esophagogastric-
junction cancer [14]. It should be notified that this 
study included primarily patients with esophageal 
cancer (76%) and a smaller part tumors of the GEJ 

(24%). Between 2004 and 2008, patients were  
randomly assigned to carboplatin (doses titrated to 
achieve an area under the curve of 2 mg/mL/min) 
and paclitaxel (50 mg/m2/body surface) and con-
current radiotherapy (41.4  Gy in 23 fractions, 
5 days per week), followed by surgery or surgery 
alone. Overall survival improved in the chemora-
diation group (HR 0.66; 95% CI: 0.50–0.87, 
P = 0.003). Complete resection (R0) was achieved 
in 92% of the chemoradiation group vs. 69% in the 
surgery alone group (P  <  0.001). Acceptable 
adverse event rates were observed.

Since 2009, the TOPGEAR trial is accruing. 
Patients with resectable adenocarcinoma of the 
stomach or GEJ are eligible for this trial. The 
hypothesis of this randomized phase III trial is 
that adding chemoradiation to standard perioper-
ative chemotherapy (three cycles of ECF preop-
erative and postoperative) will have a positive 
effect on overall survival rates [15].

14.4	 �Adjuvant Therapy

Although the primary goal of this chapter is to 
focus on neoadjuvant treatment strategies in gas-
tric cancer, a description of the present evidence 
for adjuvant therapy in gastric cancer is neces-
sary to obtain a complete overview of the current 
multimodal treatment strategies of gastric cancer. 
Results of below mentioned studies are shown in 
Table 14.3.

Table 14.2  Overview of trials investigating the impact of neoadjuvant chemoradiotherapy in resectable gastric 
cancer

Trial Years N Treatment Results P

POET trial [13] 2000–2005 60 PLF—CRT1—S HR 0.67 (CI: 0.41–1.07) 0.07

59 PLF—S

CROSS triala [14] 2004–2008 178 CRT2—S HR 0.66 (CI: 0.50–0.87) 0.003

188 S

TOPGEAR trial [15] 2009–2020b ECF—CRT3—S Ongoing

ECF—S

N number of patients, P p-value, PLF cisplatin, 5-fluorouracil, and leucovorin, CRT1 cisplatin, etoposide, and radio-
therapy (30 Gy), S surgery, HR hazard ratio, CI 95% confidence interval, CRT2 carboplatin, paclitaxel, and radiotherapy 
(41.4 Gy), ECF epirubicin, cisplatin, and 5-fluorouracil, CRT35-fluorouracil and radiotherapy (45 Gy)
aTrial which included esophageal or esophagogastric-junction cancer
bEstimation
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In 2001, the SWOG/Intergroup 0116 trial 
showed an improvement in survival and 
locoregional control with the introduction of post-
operative chemoradiotherapy [16]. In this trial, 
556 patients were randomized to surgery and 
postoperative chemoradiotherapy (45  Gy in 25 
fractions in 5 weeks and three cycles of 5-fluoro-
uracil and leucovorin; n = 281) or surgery alone 
(n  =  275). A survival benefit was seen in the 
chemoradiotherapy group with a median overall 
survival of 36 months compared to 27 months in 
the surgery group (HR 1.35; 95% CI: 1.09–1.66, 
P = 0.005). Relapse free survival was prolonged 
in the chemoradiotherapy group (19 months com-
pared to 30 months in surgery alone group (HR 
1.52; 95% CI: 1.23–1.86, P < 0.001)). This study 
was criticized for its poor adherence to the surgi-
cal protocol, as only 10% of the included patients 
underwent the intended D2-lymphadenectomy.

The South Korean ARTIST trial was the first 
study investigating the addition of radiotherapy 
to adjuvant chemotherapy for patients who 
underwent a curative gastric resection with a D2 
lymph node dissection [17]. Between 2004 and 
2008, 458 patients were randomized between 
either capecitabine plus cisplatin followed by 
chemoradiotherapy and two additional cycles 
capecitabine (n = 230) or only capecitabine plus 
cisplatin regime (n = 228). Overall, addition of 
chemoradiotherapy did not lead to a significant 
difference with regard to disease free survival 
(HR 0.740; 95% CI: 0.52–1.05, P = 0.092) nor 
overall survival (HR 1.130; 95% CI: 0.78–1.65, 
P = 0.527). Though, results showed a significant 
benefit in disease free survival benefit of chemo-
radiation in the subset of patients with node-

positive disease. As a follow up of this trial the 
ARTIST 2 is ongoing and will evaluate the value 
of adjuvant chemotherapy and chemoradiation 
after a D2 lymph node dissection in patients with 
node positive gastric cancer. It should be notified 
that these trials are being performed in the 
Eastern world. Gastric cancer in the Eastern 
world differs compared to the Western world, 
regarding biology, epidemiology, stage, and 
prognosis. In the Eastern world, gastric cancer is 
characterised by a higher incidence, more distally 
located tumors, more often found in an early 
stage of the disease, more standardized surgery 
with a D2 lymph node dissection, and better 
prognosis [18].

In order to determine the most optimal adju-
vant therapy for the Western gastric cancer 
patient with advanced disease, the CRITICS trial 
was conducted and recently completed. In this 
randomized clinical trial patients with resectable 
gastric cancer were treated with three cycles of 
preoperative epirubicin, cisplatin/oxaliplatin, 
and capecitabine (ECC/EOC) and surgery with 
adequate lymph node dissection, followed by 
either three cycles of ECC/EOC (CT) or concur-
rent chemoradiation (CRT; 45 Gy in 25 fractions 
with 5-fluorouracil and cisplatin) [19]. The first 
study results were presented during the ASCO 
convention in 2016 but are not published yet. 
The median follow up was 4.2 years. The 5-year 
overall survival was equal in both arms: 40.8% 
for CT and 40.9% for CRT, with a corresponding 
median survival of 3.5 years and 3.3 years. No 
differences were observed with regard to pro-
gression free survival across both arms (5-year 
38.5% (CT) and 39.5% (CRT) with a median 

Table 14.3  Overview of trials investigating the impact of adjuvant therapy in resectable gastric cancer

Trial Years N Treatment Results P

Intergroup 0116 trial [16] 1991–1998 281 S—CRT1 HR 1.35 (CI: 1.09–1.66) 0.005

275 S

ARTIST trial [17] 2004–2008 211 S—XP—CRT2—XP HR 1.130 (CI: 0.78–1.65) 0.527

204 S—XP

CRITICS trial [19] 2007–2015 395 ECC—S—CRT3 Median survival: 3.3 year 0.99

393 ECC—S—ECC Median survival: 3.5 year

N number of patients, P p-value, S surgery, CRT1 5-fluorouracil, leucovorin, and radiotherapy (4500 cGy), HR hazard 
ratio, CI 95% confidence interval, XP capecitabine and cisplatin, CRT2 capecitabine and radiotherapy (45 Gy), ECC 
epirubicin, cisplatin/oxaliplatin, and capecitabine, CRT3 5-fluorouracil, cisplatin, and radiotherapy (45 Gy)
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progression free survival of 2.3 years (CT) and 
2.5  years (CRT)). Sixty-one percentage of the 
patients in the CT group and 63% in the CRT 
group started with postoperative treatment 
whereas 47% and 52% of the patients respec-
tively were able to complete treatment. Further 
analyses of this trial are currently being 
performed.

In the near future, the CRITICS-II trial aims to 
establish the most optimal preoperative regimen 
in resectable gastric cancer by comparing chemo-
therapy, chemotherapy and subsequent chemora-
diotherapy, and chemoradiotherapy.

In 2014, Cao et al. aimed to assess the value of 
adjuvant chemotherapy in patients with gastric 
cancer after radical surgical resection in a meta-
analysis [20]. Results showed that adjuvant chemo-
therapy can improve overall survival rate 
(RR = 1.09, 95% CI: 1.06–1.23), as well as disease-
free survival rate (RR = 1.11, 95% CI: 1.07–1.15), 
and can reduce the relapse rate after curative resec-
tion (RR = 0.79, 95% CI: 0.74–0.84) [20].

14.5	 �Targeted Therapy

Biomarker-targeted therapy has received 
increased attention in the recent years. Although 
high expectations, until this moment, targeted 
agents have no place in the standard care of cur-
able Western gastric cancer patients after several 
trials obtained negative trial results. Currently, 
the INNOVATION trial is being conducted to 

investigate whether trastuzumab (a humanized 
monoclonal IgG antibody which inhibits the 
HER-2/neu receptor) or trastuzumab with pertu-
zumab shows more activity against standard che-
motherapy after surgery in patients with HER-2 
positive resectable gastric cancer and whether it 
can be safely administered (NCT02205047). The 
HER-2 positive rate in resectable gastric cancer 
is around 15%. Some studies suggested that 
HER-2 positive status is associated with a worse 
prognosis although the sample sizes of these 
studies were relatively small. Primary comple-
tion date for the INNOVATION trial is estimated 
for September 2020.

In contrast with the negative trial results of tar-
geted therapy for curable gastric cancer, positive 
results are being achieved in trials with targeted 
therapy for incurable gastric cancer. The most 
important trials with targeted therapy in meta-
static gastric cancer are discussed here and shown 
in Table 14.4.

In both neoadjuvant as adjuvant settings, trastu-
zumab has been shown to be effective regarding 
the treatment of HER-2 positive breast cancer. In 
2010, the ToGA (Trastuzumab for Gastric Cancer) 
trial is conducted to evaluate the benefit of com-
bining trastuzumab with chemotherapy vs. chemo-
therapy alone for treatment of HER-2 positive 
incurable gastric or GEJ cancer [21]. Chemotherapy 
regimen consisted of either capecitabine plus cis-
platin or 5-fluorouracil plus cisplatin every 
3 weeks for six cycles or this chemotherapy regi-
men in combination with intravenous trastuzumab. 

Table 14.4  Overview of studies investigating the impact of neoadjuvant chemotherapy combined with targeted agents 
in incurable gastric cancer

Trial Years N Regimen Results P

ToGa trial [21] 2005–2008 298 tra—CT HR 0.74 (CI: 0.60–0.91) 0.005

296 CT

AVAGAST trial [22] 2007–2008 387 bev—CT HR 0.87 (CI 0.73–1.03) 0.100

387 CT

REGARD trial [23] 2009–2012 238 ram HR 0.776 (CI: 
0.60–1.00)

0.047

117 placebo

RAINBOW trial [24] 2010–2012 330 ram—pac HR 0.81 (CI: 0.68–0.96) 0.017

335 placebo—pac

N number of patients, P p-value, tra trastuzumab, CT chemotherapy, HR hazard ratio, CI 95% confidence interval, bev 
bevacizumab, ram ramucirumab, pac paclitaxel
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Addition of trastuzumab significantly prolonged 
median overall survival compared to chemother-
apy alone (HR 0.74; 95% CI: 0.60–0.91, 
P = 0.005). Rates of overall grade 3 or 4 adverse 
events did not differ between both groups. [21] 
Since the results of this trial were published, 
trastuzumab in combination with chemotherapy 
could be considered as a new standard option for 
patients with HER-2 positive incurable gastric of 
GEJ cancer.

Additional targeted therapies for metastatic 
diseases have been investigated the latest years 
with promising results. Bevacizumab, a vascular 
endothelial growth factor A (VEGF-A) inhibitor, 
has earlier been adding to chemotherapy in 
colon- and rectal cancer. In 2011, the results of 
the AVAGAST trial (Avastin in Gastric Cancer) 
have been published [22]. This randomized, 
double-blind, placebo-controlled phase III trial 
evaluated the addition of an antiangiogenic agent 
to chemotherapy with regard to survival in 
patients with incurable gastric cancer. Patients 
received bevacizumab (vascular endothelial 
growth factor A, VEGF-A, inhibitor) 7.5 mg/kg 
or placebo followed by cisplatin 80 mg/m2 on day 
1 plus capecitabine 1000 mg/m2 twice daily for 
14 days every 3 weeks. Cisplatin was given for 
six cycles; capecitabine and bevacizumab were 
administered until disease progression of unac-
ceptable toxicity. In total, 774 patients were 
enrolled, both equally assigned to each treatment 
group. Overall survival improved in the bevaci-
zumab plus fluoropyrimidine-cisplatin group 
compared to the placebo plus fluoropyrimidine-
cisplatin (HR 0.87; 95% CI 0.73–1.03; 
P = 0.100). Although this trial did not reach its 
primary objective, it was shown that both median 
progression-free survival (6.7 vs. 5.3% months; 
HR 0.80; 95% CI: 0.68–0.93, P  =  0.004) and 
overall response rate (46.0% vs. 37.4%; 
P  =  0.032) significantly improved with bevaci-
zumab vs. placebo [22].

Furthermore, increasing attention has been 
given to ramucirumab, a vascular endothelial 
growth factor (VEGF) receptor-2 antagonist. 
Recently the REGARD trial aimed to assess 
whether ramucirumab prolonged survival in 
patients with incurable gastric cancer [23]. 

Between 2009 and 2012, 355 patients were ran-
domly assigned to receive either ramucirumab 
(8  mg/kg, n  =  238) or best supportive care 
(n  =  117). Ramucirumab improved overall sur-
vival (HR 0.78; 95% CI: 0.60–1.00, P = 0.047) 
and adverse events were mostly similar between 
groups [23]. This international trial showed that 
ramucirumab, as a single drug, is the first biologi-
cal treatment prolonging survival in patients with 
advanced gastric or GEJ adenocarcinoma after 
first-line chemotherapy.

Between 2010 and 2012, 665 patients were 
randomized in the RAINBOW trial with previ-
ously treated advanced gastric cancer to receive 
either ramucirumab (n  =  330) or placebo 
(n = 335), plus paclitaxel [24]. Overall survival 
was significantly higher in the ramucirumab plus 
paclitaxel group than in the placebo plus pacli-
taxel group (HR 0.81; 95% CI: 0.68–0.96, 
P = 0.017) [24]. From that moment, this combi-
nation of targeted therapy is regarded as a new 
standard second-line treatment for patients with 
advanced gastric cancer.

�Conclusions

Gastric cancer is a common and highly lethal 
malignancy. The average age of patients has 
become higher in the past decades, leading to 
a higher rate of comorbidities to account for 
during treatment. This development gave rise 
to several new considerations to the approach 
of treatment of gastric cancer in the Western 
world.

Gastrectomy is considered as high-risk sur-
gery in the Western world. Despite improved 
outcomes of gastric resections in centralized, 
high-volume centres, gastrectomies are still 
associated with surgical morbidity rates of 
39% and mortality rates of approximately 4% 
[25, 26]. It is well known that morbidity rates 
in gastrectomies are greatly influenced by age. 
Previous studies showed that sarcopenia and 
frailty of patients, which are frequently seen 
in older gastric cancer patients, are strong risk 
factors to experience severe problems once a 
complication occurs [27]. This emphasizes the 
need for careful consideration to perform a 
gastrectomy (and to receive adjuvant therapy) 

14  Neoadjuvant Treatment of Gastric Cancer



156

when patients are not able to complete neoad-
juvant therapy.

Secondly, compliance of patients to ther-
apy is an essential part in the multimodal 
treatment of gastric cancer. Several trials 
showed that protocol adherence to postopera-
tive treatment is poor. For instance, treatment 
was completed as planned by 42% of patients 
in the MAGIC trial and in approximately 50% 
in the CRITICS trial [9]. Especially for the 
frail, older patient, the rate of postoperative 
therapy compliance is low, most likely due to 
the interplay between their pre-existing pres-
ence of comorbidity, diminished physical con-
dition, and postoperative morbidity. Protocol 
adherence to preoperative treatment is evi-
dently higher because these patients did not 
(yet) undergo gastric resection, which is con-
sidered high-impact surgery. For instance, 
more than 80% of the patients in the CRITICS 
trial were able to complete preoperative treat-
ment. Considering the growing population of 
elderly patients, neo-adjuvant treatment is 
therefore the future in the multimodal treat-
ment of gastric cancer in the Western world. 
Ongoing and future studies will determine the 
most optimal neoadjuvant therapy (chemo-
therapy and/ or radiation) combined with opti-
mal dose and timing.

Lastly, due to the heterogeneity of older 
gastric cancer patients, tailored treatment for 
these patients is needed. Diagnostic tools like 
staging/imaging, molecular/genetic tools, and 
histological typing should be targeted, and 

should lead, together with the consideration of 
comorbidities, to a personalized treatment 
(Fig. 14.1). This approach requires a multidis-
ciplinary collaboration between medical 
oncologists, radiologists, nuclear oncologists, 
radiation oncologists, pathologists, nutrition-
ists, and surgeons.

In conclusion, neoadjuvant therapy is a key 
element in the multimodal way of treatment of 
gastric cancer in the Western world. This is an 
inevitable consequence of the ageing popula-
tion, since neoadjuvant treatment is associated 
with a better compliance. For this future per-
sonalized treatment of gastric cancer, a multi-
disciplinary approach remains crucial.
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Open or Minimally Invasive 
Gastrectomy

Nicole I. van der Wielen, Jennifer Straatman, 
Freek Daams, Miguel A. Cuesta,  
and Donald L. van der Peet

15.1	 �Introduction

Gastric cancer has been amongst the most com-
monly diagnosed malignancies worldwide since 
1975 with the highest incidence in Eastern Asia 
(13.3%) followed by Central and Eastern Europe 
(6.7%) [1]. Japan was the first country to start 
with the implementation of a screening program 
for gastric cancer in 1983 to facilitate early detec-
tion of the disease [2]. Consequently, other coun-
tries with a high prevalence of gastric cancer also 
implemented a screening program, such as Korea 
and China [3]. This resulted in a high incidence 
of early gastric cancer. Despite the early detec-
tion of this disease, the overall mortality is still 
amongst the highest in the world [1].

15.2	 �Gastrectomy

To this day the only curative treatment for gastric 
cancer is a surgical resection with an adequate 
lymph node dissection. According to the Japanese 
Gastric Cancer Association, a radical resection of 
the stomach with a proximal margin of at least 

3  cm is recommended for T2 or deeper tumors 
with an expansive growth pattern and 5  cm for 
those with an infiltrative growth pattern. For 
tumors invading the esophagus, a margin of 5 cm 
is not required, but frozen section examination is 
desirable to ensure a R0 resection. The number of 
dissected lymph nodes and the correlating lymph 
node stations are a marker for the quality of the 
resection. According to the Japanese Gastric 
Cancer treatment guidelines, extent of the lymph 
node dissection has to be in accordance with 
tumor-stage and the type of gastrectomy con-
ducted. Lymph node stations are depicted in 
Fig. 15.1. Type of gastrectomy consists of a total, 
distal or proximal gastrectomy. For cT1N0 
tumors a D1 or D1+ lymphadenectomy is recom-
mended, whereas for cN+ or cT2–T4 tumors a 
D2 lymphadenectomy is recommended. In distal 
gastrectomy D1 lymphadenectomy consists of 
lymph node stations 1, 3, 4sb, 4d, 5, 6 and 7. D1+ 
lymphadenectomy consists of lymph node sta-
tions D1 plus station 8a and 9. D2 lymphadenec-
tomy consists of D1 plus station 8a, 9, 11p and 
12a. In total gastrectomy D1 lymphadenectomy 
consists of a dissection of lymph node stations 1 
to 7. D1+ consists of D1 plus station 8a, 9 and 
11p. D2 lymphadenectomy consists of D1 plus 
station 8a, 9, 10, 11d, 11p and 12a. However, if 
there is a suspicion of nodal involvement, a D2 
lymphadenectomy should always be performed. 
A minimum of 15 regional lymph nodes should 
be assessed by the pathologist [4].
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As regards to omentectomy, the Japanese 
Gastric Cancer Association recommends the 
removal of the greater omentum for T3 or deeper 
tumors. For T1 or T2 tumors, the part of the 
omentum that is more than 3 cm away from the 
gastroepiploic arcade may be preserved [5].

15.3	 �Sentinel Lymph Node

The screening program has led to a high inci-
dence of early gastric cancer in Eastern Asian 
countries, subsequent early diagnosis and treat-
ment is associated with better survival rates. 
Hence, postoperative quality of life has gained 
more importance in the overall treatment. The 
extent of gastrectomy and the extent of lymphad-
enectomy is of influence on postoperative mor-
bidity and survival. In early gastric cancer, the 
incidence of lymph node metastasis is reported to 
be 14.1% overall and 4.8–23.6% depending on 
cancer depth [7]. Therefore, the concept of senti-

nel lymph node navigation surgery is obtaining 
more interest. If only a small group of patients 
with early gastric cancer have lymph node metas-
tases, the majority may not benefit from such an 
extensive lymphadenectomy. The optimal method 
to perform sentinel lymph node navigation sur-
gery is still under debate. Current research is 
assessing the use of a radioactive tracer, dye fluo-
rescence imaging or a combination of both [8].

15.4	 �Neoadjuvant Therapy

The feasibility of perioperative chemotherapy as 
part of the treatment of gastric cancer is still 
under debate. The MAGIC trial compared peri-
operative chemotherapy plus surgery vs. surgery 
alone in patients with resectable gastroesopha-
geal cancer. This study showed a significant bet-
ter disease free and overall survival in the 
chemotherapy group. As a result, the use of peri-
operative chemotherapy has become a part of the 

1 Right cardia lymph nodes

2 Left cardia lymph nodes

3 Lymph nodes along the lesser curvature

4 Lymph nodes along the greater curvature

5 Suprapyloric lymph nodes

6 Infrapyloric lymph node

7 Lymph nodes along te left gastric artery

8 Lymph nodes along the common hepatic artery

9 Lymph nodes along the celiac trunk

10 Lymph nodes along the splenic hilus

11 Lymph nodes along the splenic artery

12 lymph nodes in the hepat oduodenal ligament

13 lymph nodes on the posterior surface of the head of the pancreas

14 lymph nodes at the root of the mesentery

15 Lymph nodes along the middle colic vessel

16 Para-aortic lymph nodes

Fig. 15.1  Lymph node stations [6]
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standard treatment in several European countries 
[9]. The CRITICS trial compared survival 
between patients receiving chemotherapy or 
chemoradiotherapy after surgery with curative 
intent. This trial showed no difference in survival 
between both groups [10].

15.5	 �Minimally Invasive 
Gastrectomy

Studies have shown that minimally invasive tech-
niques for malignancies are safe and have several 
important advantages in comparison to the con-
ventional open surgical techniques. Several ran-
domized controlled trials compared minimally 
invasive with open surgery, such as the LAFA, 
COLOR I, COLOR II for colorectal cancer and 
the TIME trial for esophageal cancer. These stud-
ies showed favorable short-time outcomes for the 
minimally invasive technique, such as less peri-
operative blood loss, faster patient recovery and 
fewer complications with similar oncological 
outcomes [11–14]. The first minimally invasive 
distal gastrectomy was described by Kitano et al. 
in 1994 [15]. This was followed in 1996 by the 
first minimally invasive total gastrectomy for 
cancer, described by Azagra et  al. [16]. Since 
then, minimally invasive techniques for gastric 
cancer have gained an increasing interest world-
wide. The first randomized controlled trial com-
paring open vs. minimally invasive distal 
gastrectomy was performed by Huscher et  al. 
between 1992 and 1996. The study showed less 
perioperative blood loss and a better postopera-
tive recovery in the minimally invasive group. No 
significant differences were found regarding the 
number of resected lymph nodes, postoperative 
morbidity and mortality and 5-year survival [17]. 
Since then, several meta-analysis and random-
ized controlled trials have been performed, all in 
Asian countries.

Twenty-eight systematic reviews and meta-
analysis have been published since 2009, being 
the majority from Asian countries were the inci-
dence of gastric cancer is many times higher than 
in Western countries. They compared early and 
advanced gastric cancer being dedicated the 

majority to distal gastrectomy. Moreover there 
are meta-analysis about robot-assisted gastrec-
tomy. A minority is dedicated to the study of total 
gastrectomy. Best et  al. have performed a 
Cochrane Database Systematic Review on this 
subject in 2016 [18]. They found that based on 
low quality evidence, no difference in short term 
mortality between laparoscopy and open gastrec-
tomy. Moreover, there is no evidence for any dif-
ferences in short-term or long-term outcomes 
between laparoscopic and open gastrectomy. 
However, the data was found sparse and the con-
fidence intervals wide suggesting that significant 
benefits or harms of laparoscopic gastrectomy 
cannot be ruled out. Trials are currently being 
performed and will clarify the role of MIG.

Large cohort studies have been performed by 
the Korean Laparoscopic Gastrointestinal 
Surgery Study (KLASS) Group. The KLASS-01 
trial is a randomized controlled trial, comparing 
minimally invasive distal gastrectomy with open 
distal gastrectomy for stage I gastric cancer. This 
trial showed a significantly lower overall compli-
cation rate in the minimally invasive group in 
comparison to the open group, with a significant 
difference in wound infections [19].

Additionally, several studies are still examin-
ing the differences between minimally invasive 
and open techniques. The KLASS-02 trial has 
been set up to compare minimally invasive D2 
lymphadenectomy with open D2 lymphadenec-
tomy for patients with locally advanced gastric 
cancer. The KLASS-02-QC trial investigates the 
quality control of a D2 lymphadenectomy. The 
KLASS-03 trial compares minimally invasive 
total gastrectomy to open total gastrectomy for 
clinical stage I gastric cancer. KLASS-04 is a 
trial comparing laparoscopic pylorus preserving 
gastrectomy with laparoscopic distal gastrectomy 
for the middle third early gastric cancer. And the 
KLASS-05 trial will be comparing laparoscopic 
proximal gastrectomy with laparoscopic total 
gastrectomy for upper third early gastric cancer. 
Results from these trials are expected to be pub-
lished soon [20].

Our research group has performed two meta-
analysis comparing minimally invasive distal 
with open distal gastrectomy (Table  15.1) and 

15  Open or Minimally Invasive Gastrectomy



162

Table 15.1  Study characteristics of studies comparing open with minimally invasive distal gastrectomies

Author
Publication 
year

Study 
period Design Country

Sample size Tumor stage (%) Lymph node 
dissectionMIDG ODG I II III IV

Adachi 2000 01/1993–
07/1999

Retrospective Japan 49 53 100 0 0 0

Du 2009 06/2004–
12/2008

Retrospective China 78 90 10.1 33.9 45.8 9.5 D2

Fang 2013 08/2009–
12/2010

Retrospective China 50 62 D2

Huang 2010 01/2007–
06/2008

Retrospective China 66 69 25.2 31.1 41.5 2.2 D2

Jung 2008 11/2004–
02/2005

Retrospective Korea 10 10 100 0 0 0 D1+

Kawamura 2010 01/2003–
12/2008

Retrospective Japan 192 190 100 0 0 0

Naka 2005 1998–
2001

Retrospective Japan 20 22 100 0 0 0 D1+/D2

Noshiro 2005 01/1996–
04/2004

Matched 
cohort

Japan 37 31 D2

Shimizu 2000 01/1996–
08/1998

Retrospective Japan 21 31 100 0 0 0 D1/D1+/D2

Zhao 2011 01/2004–
06/2009

Retrospective China 346 313 12 28.2 57.7 2.1 D1/D1+/D2

Zheng 2015 02/2013–
01/2014

Matched 
cohort

China 23 27 16 14 70 0 D2

Ziqiang 2006 03/2004–
05/2005

Retrospective China 44 58 26.5 20.6 46 6.9 D1+/D2

Fujii 2003 04/1999–
01/2002

RCT Japan 10 10 95 5 0 0

Hayashi 2005 12/1999–
11/2001

RCT Japan 14 14 100 0 0 0 D1

Hu 2016 09/2012–
12/2014

RCT China 508 507 29.2 26.5 42.4 1.8 D2

Huscher 2005 11/1992–
02/1996

RCT Italy 30 29 37.3 15.2 32.2 15.3 D1/D2

Kim 2008 07/2003–
11/2005

RCT Korea 82 82 96.3 3.7 0 0 D1+/D2

Kim 2016 02/2006–
08/2010

RCT Korea 644 612 90.3 6.2 2.9 0.6 D1+/D2

Kitano 2002 10/1998–
13/2001

RCT Japan 14 14 96.4 3.6 0 0

Lee 2005 11/2001–
08/2003

RCT Korea 24 23 97.9 2.1 0 0 D2

Sakuramoto 2013 10/2005–
02/2008

RCT Japan 31 32 96.8 1.6 1.6 0 D1+

minimally invasive total with open total gastrec-
tomy (Table 15.2). These meta-analyses showed 
a significantly longer operation time in the mini-
mally invasive group with significantly less blood 
loss. Postoperative recovery was significantly in 
favor of the minimally invasive group. It showed 
a shorter hospital stay and an earlier time to first 

bowel movement. There were also significant dif-
ferences in postoperative complications in favor 
of the minimally invasive group with equal mor-
tality rates. Additionally, there was no difference 
in the number of resected lymph nodes between 
both groups. Furthermore, a meta-analysis 
regarding minimally invasive gastrectomy in 
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Table 15.2  Study characteristics of studies comparing open with minimally invasive total gastrectomies

Author Year
Study 
period Design Country

Sample size Tumor stage (%) Lymph node 
dissectionMITG OTG I II III IV

Bo 2013 01/2004–
12/2010

Retrospective China 117 117 4.3 33.3 45.7 16.7 D2

Du 2010 11/2005–
05/2009

Retrospective China 82 94 5.1 38.1 56.8 0 D2

Dulucq 2005 04/1995–
03/2004

Retrospective France 8 11 D1 + β

Kawamura 2010 01/2003–
12/2008

Retrospective Japan 42 30 D2

Kim 2008 01/2004–
07/2006

Retrospective Korea 27 33 D1 + α/β/D2

Kim 2011 01/2009–
04/2010

Retrospective Korea 63 127 D2

Lee 2013 06/2003–
05/2010

Matched 
cohort

Korea 120 228 40.8 18.7 23.8 16.7 D2

Mochiki 2008 04/1998–
12/2007

Retrospective Japan 20 18 D1 + β

Sakuramoto 2009 07/2003–
07/2007

Retrospective Japan 30 44 54 25.7 20.3 0 D1 + β/D2

Siani 2012 01/2003–
10/2009

Matched 
cohort

Italy 25 25 20 20 60 0 D1 + α/β/D2

Topal 2008 01/2003–
12/2006

Retrospective Belgium 38 22 40 23.3 26.7 10 D2

Usui 2005 05/2001–
08/2004

Retrospective Japan 20 19 46.2 7.7 0 0

advanced gastric cancer has been performed. 
This study showed similar outcomes between 
both approached in terms of lymph node yield 
and survival. With similar mortality rates in mini-
mally invasive techniques, more consideration 
regarding quality of life has arisen. A large num-
ber of studies regarding distal gastrectomies have 
been performed. The evidence for total gastrecto-
mies however is less validated due to fewer stud-
ies regarding this subject that have been 
performed [21, 22].

15.6	 �Robotic Gastrectomy

Several studies have examined the safety and fea-
sibility of robotic surgery in the treatment of gas-
tric cancer. These showed a longer operation 
duration in comparison to open surgery, with less 
blood loss and a comparable oncological resec-
tion. Additionally, postoperative recovery was 
better in the robotic group, with a shorter hospital 

stay and earlier recovery of bowel function. 
Robotic gastrectomy could help overcome some 
intrinsic limitations of laparoscopic surgery. 
Three dimensional, high-definition imaging is 
provided, tremors can be filtered and a steady 
surgical field is accommodated. The ability to 
move in restricted fields and around important 
structures could help with the complexity of a 
well performed extended lymph node dissection. 
Outcomes regarding long-term oncological 
safety in robotic surgery has yet to be examined 
[23, 24].

15.7	 �East Vs. West

Considering a high incidence of gastric cancer in 
Eastern Asia, most of these results are based on 
Asian studies. With the implementation of a 
screening program for gastric cancer, the inci-
dence of stage I gastric cancer is well over 50% 
of all diagnosed gastric cancers in Japan and 
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Korea [25]. The treatment for early gastric cancer 
is different than the treatment for advanced gas-
tric cancer, where in early gastric cancer a more 
limited resection could be sufficient. Additionally, 
with the developing endoscopic techniques, some 
superficial gastrointestinal lesions cannot only be 
diagnosed but can also be treated through an 
endoscopic mucosal resection.

However, the incidence and treatment for gas-
tric cancer in Asia is in stark contrast to other 
countries in the world. In Western countries a 
screening program for gastric cancer is not feasi-
ble due to the low incidence of gastric cancer in 
comparison with the high incidence of other 
malignancies. In some countries in North-West 
Europe like the Netherlands, the incidence of gas-
tric cancer is decreasing notably and the incidence 
of esophageal and gastroesophageal junction can-
cers is higher than the incidence of gastric cancer 
[26]. Thus diagnosis of gastric cancer is usually 
made when patients get clinical symptoms of a 
tumor, such as anemia or obstructive problems, 
resulting in a much more advanced stage of dis-
ease. Moreover, the patient characteristics are dif-
ferent between East and West. In the more 
developed countries in Europe a higher propor-
tion of obese and morbid patients exists, influenc-
ing the outcome of the surgical techniques [25].

The implementation of a minimally invasive 
technique has shifted from the application in 
early gastric cancer to the application in more 
advanced stages of disease. Surgeons in the 
Eastern part of the world have gained a lot of 
experience with minimally invasive gastrecto-
mies. Therefore the outcomes of this technique 
proved to have more advantages for the patient in 
comparison to the open technique. However, sur-
geons in Central Europe and the United States are 
less exposed to this technique due to a lower 
incidence. Additionally, the disease is usually in 
a more advanced stage, resulting in a gradual 
implementation of this minimally invasive tech-
nique in the West.

There have been several Western studies 
examining the safety and feasibility of minimally 
invasive techniques for gastric cancer. These 
studies show similar outcomes in comparison to 
Asian studies, thus the advantages of a minimally 

invasive technique with a similar oncological 
safety. However, due to small study populations 
and all studies being retrospective of nature, 
more evidence has to be provided to make it as 
acceptable in the West as it is in the East.

�Conclusion

In search of evidence regarding the safety of a 
minimally invasive gastrectomy in compari-
son to an open approach several meta-analysis 
have been published. However, most studies 
are conducted in Asian countries and consist 
of a partial gastrectomy. These studies show 
better short term outcomes for the minimally 
invasive approach. For total gastrectomy, hard 
evidence is lacking and outcomes are based on 
retrospective databases. Furthermore, these 
outcomes are all based on Asian studies.

To provide evidence for implementation in 
the rest of the World, randomized controlled 
trials outside Asia are necessary. In the 
Netherlands there are two randomized con-
trolled trials comparing minimally invasive 
with open gastrectomies. The STOMACH 
trial is a European, multicenter trial compar-
ing only total gastrectomies. Primary outcome 
will be the quality of the resected specimen 
and lymphadenectomy. The LOGICA trial is a 
Dutch multicenter trial comparing distal and 
total gastrectomies. Primary outcome will be 
hospital stay and postoperative recovery [27, 
28]. The results of these trials will give more 
insight in the evidence whether minimally 
invasive gastrectomy is as feasible and safe in 
the West as it is in the East in the treatment of 
gastric cancer patients.
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Minimally Invasive Surgery 
of Gastric Cancer

Ali Guner and Woo Jin Hyung

Medicine including surgical techniques has been 
flourishing since ancient societies. All efforts 
have aimed to increase patient’s survival in addi-
tion to quality of life. Lately, along with the 
increased popularity of laparoscopic surgery, 
minimally invasive surgical techniques have 
taken its place in surgical practice for various 
type of procedures, owing to several advantages 
such as rapid recovery, less pain as well as 
improved cosmetic outcomes [1]. However, for 
treatment of malignant diseases, safety and feasi-
bility of minimally invasive surgery (MIS) has 
remained under debate for years until recently. 
With the increasing amount of evidence and sur-
gical experience, MIS is now commonly favored 
practice for oncological surgery that made of 
more sophisticated processes compared to those 

of surgery for benign diseases [2]. Whereas MIS 
represents a developing trend, some limitations 
faced by surgeon during conventional laparos-
copy led surgeons for innovative solutions and 
robotic technology has been introduced with 
many advantages including articulated instru-
ments, three-dimensional images, and tremor fil-
tering. Although several robotic systems have 
been developed, its popularity has increased just 
after the approval of Da Vinci robotic system 
(Intuitive Surgical, California, USA), many 
robotic systems have been started being used 
worldwide [3].

Despite the decreasing trend for overall 
incidence, gastric cancer is still one of the most 
common cancer type and one of the most com-
mon cause of cancer-related mortality world-
wide. Radical gastrectomy with en-bloc 
lymphadenectomy is fundamental cornerstone 
for curative treatment in resectable gastric can-
cer patients. With the mass-screening programs 
and advances in diagnostic tools, the incidence 
of early gastric cancer (EGC) has increased 
particularly in eastern countries. Subsequent 
studies using conventional open surgery 
reported over 90% survival rate for EGC and 
surgeons’ interest have increased for function 
preservation and quality of life in addition to 
the oncological curability for patients with 
gastric cancer particularly for EGC [4].

Laparoscopic surgery for gastric cancer have 
been used for limited resections in the early 
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1990s. Laparoscopic intragastric mucosal resec-
tions and laparoscopic wedge resection were two 
methods that historically used for lesions without 
the risk of lymph node metastasis. However, with 
the advance of endoscopic resection techniques 
such as mucosal resection and submucosal dis-
section, their usage has declined recently. 
Currently, only laparoscopic wedge resection is 
being investigated within sentinel lymph node 
mapping concept. Following the Kitano’s report 
presenting first laparoscopic-assisted gastrec-
tomy for gastric cancer in 1994, laparoscopic 
gastrectomy (LG) has been introduced as an 
alternative to conventional open surgery [5]. LG 
that is initially used for EGC located in distal 
stomach has been started being used for tumors 
located in proximal stomach and for advanced 
gastric cancers (AGC) including extended lymph-
adenectomy. Number of cases that LG was used 
has increased tenfold between 1991 and 2009 in 
Japan mainly for Stage I disease, and from 6.6 to 
25.8% between 2004 and 2009 in South Korea, 
even for the Western countries but with slower 
trend [6]. During this development period, 
improvements in robotic surgery has also fol-
lowed the those of LG, and robotic gastrectomy 
(RG) for gastric cancer now became a frequently 
performed procedure especially in Korea, Japan 
and Italy.

16.1	 �Indications for Minimally 
Invasive Gastrectomy

Although endoscopic treatment modalities are 
the ideal approaches to preserve patient’s func-
tions and quality of life, these techniques can be 
used only for a limited number of patient that 
meet rigorous criteria. Regarding LG, while pre-
vious Japanese Gastric Cancer Treatment guide-
line recommends LG as an investigational 
treatment, in the fourth edition that was pub-
lished in 2016, laparoscopic surgery is recog-
nized as an option in general clinical practice for 
clinical Stage I gastric cancer that is indicated 
only for distal gastrectomy but patients require 
total gastrectomy [7]. Correspondingly, in South 
Korea, patients that does not required extended 

lymphadenectomy such as cN-, patients that 
does not required total gastrectomy and tumors 
that limited to the submucosa can be considered 
as initial indication for laparoscopic surgery 
with the exception of the patients that are suit-
able for endoscopic treatment.

In experienced centers from East Asia, the 
current indication for LG has been extended 
beyond EGC to AGC irrespective of perigastric 
node involvement. However, outcomes of ongo-
ing studies are needed to utilize LG with extended 
indications. The indications for RG does not dif-
fer from those of LG.

16.2	 �Operative Strategy

Terminology: Gastrectomy procedures have vari-
ous definitions based on the extent of resection 
such as distal, total, proximal or pylorus-
preserving. Besides, when MIS techniques are 
used, it can be defined as laparoscopic assisted or 
totally laparoscopic. For cases which anastomo-
sis are made extracorporeally, it is defined as 
laparoscopic assisted and when intracorporeal 
anastomosis is used, as totally laparoscopic. 
Despite the variations in the literature, usual defi-
nitions include laparoscopic assisted distal gas-
trectomy (LADG), laparoscopic assisted total 
gastrectomy (LATG), totally laparoscopic distal 
gastrectomy (TLDG), totally laparoscopic total 
gastrectomy (TLTG). When robotic systems are 
used, they can be called as robotic-assisted distal 
gastrectomy (RADG or RDG) or robotic-assisted 
total gastrectomy (RATG or RTG). In addition to 
LADG and LATG, proximal gastrectomy and 
pylorus preserving distal gastrectomy are the 
other procedures can be performed by either lap-
aroscopic and robotic.

Port placement. While some surgeons prefer 
using six port including one for liver retrac-
tion, most surgeons prefer a total of five ports 
(Fig.  16.1a, b) [8]. For LG, the first 10-mm  
camera port is placed using open method at the 
infra-umbilical area, and pneumoperitoneum is 
achieved at 12  mmHg. Four other trocars are 
inserted, one in the right upper quadrant, one in 
the upper left quadrant, one in the right lateral 
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side, and one to the left lateral side of the  
abdomen. The surgeon and scope operator  
are located on the right side of the patient and 
an assistant is on patient’s left side. The RG 
procedure follows the identical steps as those 
of LG with some modifications in port place-
ments (Fig.  16.1c). A 12-mm camera port 
placed below the umbilicus, and four other tro-
cars including three 8-mm port for the robotic 
arms and one 12-mm assistant’s port are 
placed. Assistant port is usually placed between 
the camera port and first arm that placed 
patient’s left side below the costal margin. 
Then, robotic arms are docked to initiate the 
procedure.

Liver retraction. Various techniques have 
been defined thus far to retract the liver and to 
have clear visualization for hepatogastric/hepa-
toduodenal ligaments. Although using liver 
retractor requires one extra port, using suture-
gauze technique maintains ideal liver retraction 
and allows surgeon to use one less port [9].

Intraoperative tumor localization. Particularly 
for EGC, it is challenging to locate tumor by 
using laparoscopic or robotic instruments, there-
fore surgeon needs to use some techniques to 
determine safe surgical margin. Various methods 
such as intraoperative ultrasound, intraoperative 
endoscopy, and abdominal plain radiograph fol-
lowing preoperative endoscopic clipping have 
been defined for this key step [10].

Extent of omentectomy. Although total omen-
tectomy is recommended for T3–T4 tumors, par-
tial omentectomy which removes the 3 cm away 
from gastroepiploic vessels can be used for T1 
and T2 tumors.

Extent of lymphadenectomy. Clinical stage of 
the tumor and type of gastrectomy are the mark-
ers to decide the extent of lymphadenectomy. 
For distal gastrectomy, D1+ lymphadenectomy 
includes the lymph nodes numbered as #1, #3, 
#4sb, #4d, #5, #6, #7, #8a and #9. D2 lymphad-
enectomy includes #11p and #12a in addition to 
D1+ lymphadenectomy. For total gastrectomy, 
D1+ lymphadenectomy includes #1–7, #8a, #9, 
#11p and D2 lymphadenectomy includes #10, 
#11d, #12a in addition to D1+ lymphadenec-
tomy. D1+ lymphadenectomy for proximal gas-
trectomy requires the dissection of #1, #2, #3a, 
#4sa, #4sb, #7, #8a, #9, #11p.

Left side dissection. Despite minor differences 
among surgeons, each individual surgeon uses 
standardized steps for minimally invasive gas-
trectomy. It is usually preferred to start from the 
left side. Following the division of gastrocolic 
ligament, the left gastroepiploic vessels are 
divided at their root on the left side, #4sb and #4d 
are removed for distal gastrectomy and then 
greater curvature is cleared for transection and 
anastomosis (Fig. 16.2a). If total gastrectomy is 
intended, short gastric vessels are divided up to 
left diaphragmatic crus and #2 and #4a are 

a b c

5 mm
A

S

5 mm

5 mm

12 mm 12 mm

10 mm

A

5 mm
A

R

5 mm
S

8 mm
3

8 mm
1

8 mm
2

S
12 mmS

12 mm
A

12 mm
C 12 mm

A

C
10 mm

C

Fig. 16.1  Port placement for minimally invasive gastrec-
tomy. 6-port (a) or 5-port (b) surgery can be used for lapa-
roscopic gastrectomy. (c) Shows the place for ports in 

robotic gastrectomy (C camera, S surgeon, A assistant, R 
retractor)
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a b

c d
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g h

Fig. 16.2  Steps for lymphadenectomy during minimally 
invasive gastrectomy. (a): left side dissection for #4sb 
around LGEV. (b): right side dissection for #6 lymph nodes 
above the pancreas. (c): for #5 and #8a, RGA is exposed 
and soft tissues around the CHA are dissected. (d): soft tis-
sues medial to the PV and PHA are dissected for proper 
#12a dissection in D2 lymphadenectomy. (e): LGA is 
exposed above the celiac trunk. (f): for #11p dissection, SV 
and SA are exposed and all soft tissues are cleaned along 

these vessels. (g): lesser curvature is cleaned to remove #1 
lymph nodes. (h): final view of lymph node dissection. 
(LGEV left gastroepiploic vessels, ASPDV anterior superior 
pancreaticoduodenal vein, RCV right colic vein, MCV mid-
dle colic vein, MCA middle colic artery, RGA right gastric 
artery, PHA proper hepatic artery, CHA common hepatic 
artery, PV portal vein, LGA left gastric artery, LGV left gas-
tric vein, SV splenic vein, SA splenic artery, LC lesser cur-
vature, AHA accessory hepatic artery arising from LGA)
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removed. To maintain D2 dissection when neces-
sary, #10 and #11d should be removed with or 
without splenectomy.

Right side dissection and duodenal division. 
After completion of left side, procedure move to 
right side and tissues around the gastrocolic trunk 
are cleared (Fig. 16.2b). right gastroepiploic vein 
is divided and the soft tissues above the pancreas 
are retrieved (#6). Right gastroepiploic artery is 
divided and dissection continues up to the root of 
gastroduodenal artery to mobilize the duodenum 
from the pancreas. In supraduodenal area, minor 
periduodenal vessels are divided and duodenum 
is transected by using linear endoscopic stapler.

Suprapancreatic dissection. Right gastric ves-
sels are divided and soft tissues around the com-
mon hepatic artery are dissected (#5–8a) 
(Fig.  16.2c). For D2 dissection, soft tissues 
medial to the portal vein and proper hepatic 
artery are included in the specimen (#12a) 
(Fig. 16.2d). After left gastric vein division, soft 
tissues around left gastric artery are dissected on 
the right side (#7, #9), and splenic artery on the 
left side (#11p) (Fig.  16.2e, f). Retroperitoneal 
attachments of stomach including posterior gas-
tric vessels if present are detached. Right dia-
phragmatic crus is reached and lesser curvature 
of the stomach is cleaned to remove #1 and some 
parts of #3 for distal gastrectomy (Fig. 16.2g, h).

Reconstruction. It is possible to perform anas-
tomosis by either intra- or extracorporeally after 
gastrectomy. After distal gastrectomy, Billroth-I 
gastroduodenostomy, Billroth-II gastrojejunos-
tomy, or Roux-en-Y gastrojejunostomy are the 
options to maintain intestinal continuity. For 
Billroth-I gastroduodenostomy, small full-layer 
incisions are created on the edge of greater curva-
ture side of the stomach and on the edge of the 
posterior side of the duodenum. The 45-mm 
endoscopic linear stapler is inserted towards both 
intestinal lumens and the posterior walls of the 
stomach and duodenum are anastomosed 
(Fig. 16.3a). The entry hole is closed with another 
endoscopic linear stapler and Delta-Shaped 
Anastomosis is achieved (Fig.  16.3b) [11]. For 
Billroth-II gastrojejunostomy roughly 20 cm dis-
tal to the treitz ligament is brought up and anasto-
mosis is performed by using two linear staplers 

(Fig.  16.3c, d). When jejenum is divided from 
same distance, it is possible to perform roux-en-
Y gastrojejunostomy by using linear staplers and 
then jejunojejunostomy is added 25–30 cm distal 
to the gastrojejunostomy with similar stapling 
technique. After total gastrectomy, most common 
anastomosis type is Roux-en-Y esophagojeju-
nostomy. For years, it has been performed by  
circular stapling technique which require mini-
laparotomy, however, it is now possible to per-
form safely with side-to-side linear stapling 
technique (Fig. 16.3e, f). Linear staplers can also 
be used for esophagogastrostomy after proximal 
gastrectomy and for gastro-gastrostomy after 
pylorus-preserving gastrectomy to achieve all 
reconstructive process intracorporeally. For 
reconstruction, in addition to the techniques men-
tioned above, jejunal interposition and double-
tract method are alternative options.

16.3	 �Current Evidences 
for Minimally Invasive 
Gastrectomy

After first report of LG, many studies including 
randomized controlled trials (RCT) are con-
ducted in various centers. However, because the 
stage of tumor (EGC vs. AGC) and type of gas-
trectomy (distal vs. total) determine the extent 
and invasiveness of surgery, it is not possible to 
gather all studies in one pool, and short-term and 
long-term outcomes should be evaluated with 
distinct subgroups.

16.3.1	 �Laparoscopic Gastrectomy 
Versus Open Gastrectomy

Up to now, there are several published retrospec-
tive series, RCTs and meta-analysis comparing 
LADG vs. open distal gastrectomy (ODG) for 
EGC located in the mid-to-lower part of the 
stomach. The most recent meta-analysis includ-
ing seven RCTs (five from Japan and two from 
South Korea) published in 2015 demonstrated 
that LADG provides less blood loss (WMD: 
−108.11; 95% CI: −145.97 to −70.26), less  
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analgesic requirement (WMD: −1.70; 95% CI: 
−2.19 to −1.22), lower incidence of complica-
tions (OR: 0.26; 95% CI: 0.13–0.54), shorter 
hospital stay (WMD: −1.0; 95% CI: −1.83 to 
−0.16), and earlier passage of flatus (WMD: 
−0.62; 95% CI: −0.96 to −0.27), though at the 
price of longer operative times (WMD: 79.60; 
95% CI: 59.86–99.35) and the number of  
harvested lymph nodes (WMD: −2.77; 95%  

CI: −4.38 to −1.16) lesser as compared to  
ODG [12]. Despite the combination of several 
RCTs, total number of patients was 390 (195 
LADG and 195 ODG) in this meta-analysis and 
might be considered as a limitation for proper 
conclusion. To overcome this limitation, we  
need to look into the outcomes of phase III  
studies. Multi-institutional randomized KLASS-
01 study conducted by the Korea Laparoscopic 
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Fig. 16.3  Intracorporeal anastomosis for Billroth-I gastroduodenostomy (a, b), Billroth-II gastrojejunostomy (c, d) 
after distal gastrectomy, and intracorporeal Roux-en-Y esophagojejunostomy (e, f) after total gastrectomy
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Gastrointestinal Surgery Study Group (KLASS), 
that started in 2006, is a study that compares 
LDG and ODG and short-term outcomes were 
published recently [13]. While the major intraab-
dominal complication (LADG vs. ODG; 7.6% 
vs. 10.3%) and mortality rates (0.6% vs. 0.3%) 
were comparable between two groups, overall 
complication rate (13.0% vs. 19.9%) including 
wound complication rate (3.1% vs. 7.7%) were 
lower in LADG group. In addition to these find-
ings, LADG was associated with significantly 
longer operation time (184.1  ±  53.3 vs. 
139.4 ± 42.7), less blood loss (110.8 ± 135.7 vs. 
190.6 ± 156.3), shorter hospital stay (7.1 ± 3.1 vs. 
7.9 ± 4.1), and less number of harvested lymph 
nodes (40.5  ±  15.3 vs. 43.7  ±  15.7). The other 
randomized study JCOG0912, which was carried 
out by the Japan Clinical Oncology Group 
(JCOG), demonstrated similar outcomes and 
concluded that LADG can be considered as a safe 
alternative to open surgery in terms of adverse 
events and short-term outcomes [14]. The study 
showed longer operation time (LADG vs. ODG, 
median 278 min vs. 194 min) with less blood loss 
(median 38 mL vs. 115 mL) in LADG group, and 
no difference was found in terms of major com-
plications (3.3% vs. 3.7%), only liver enzymes 
elevation was observed more (16.4% vs. 5.3%) in 
LADG group possibly due to long duration of 
liver retraction. As for oncologic safety of LADG 
for EGC, while a recent meta-analysis demon-
strated comparable oncological outcomes in 
terms of long-term mortality and relapse rate, we 
need to wait little bit more to obtain the long-
term outcomes of large-scale RCTs.

Apart from the increasing number of evidence 
on LADG for EGC, high-level evidences neither 
for LATG and nor for advanced stage disease are 
available, because of the technical difficulties 
and the technical heterogeneity among the sur-
geons during LATG or lymphadenectomy for 
AGC. Because AGC requires extensive lymphad-
enectomy for patients with gastric cancer, it  
is difficult to standardize the surgery and to  
have high-quality evidence. Recently published 
Chinese study includes total 1056 patients (The 
Chinese Laparoscopic Gastrointestinal Surgery 

Study, CLASS-01) showed no difference in terms 
of morbidity and mortality in patients with AGC 
require distal gastrectomy [15]. Postoperative 
morbidity was 15.2% for LDG and 12.9% in 
ODG group, while 0.4% mortality rate in LDG 
and no mortality was observed in ODG group. As 
for oncological safety, the only RCT showing 
long-term outcomes demonstrated 67.1 and 
53.8% survival rates respectively for LG and 
open gastrectomy with no statistical difference. 
There are two ongoing large-scale study in South 
Korea and Japan, KLASS-02 and JLSSG0901 
(Japanese Laparoscopic Surgery Study Group). 
The oncological outcomes of these two as well as 
the CLASS-01 study will answer the questions 
on the safety and efficacy of LG for AGC [3].

Because the incidence of proximal gastric can-
cer is low in Asian countries, and owing to diffi-
culties in the reconstruction phase after total 
gastrectomy, LTG could not have been generalized 
in surgical practice. Although recent meta-analysis 
that includes EGC or AGC regardless of stage and 
compare LTG vs. open total gastrectomy demon-
strated the benefits of LTG in terms of blood loss, 
pain, hospital stay and morbidity with the compa-
rable long-term outcomes, relatively small sample 
size of studies and the lack of RCTs are the obsta-
cles to have exact conclusion. Although the out-
comes of prospective phase-II KLASS-03 study 
aiming to evaluate the feasibility of LTG for 
patients with EGC will shed light on the future of 
LTG, randomized trials are still required [16].

16.3.2	 �Robotic Gastrectomy 
Versus Open Gastrectomy

Following the first report of large case series 
evaluating RG that was published in 2009, and 
that demonstrated RG as a safe and effective 
alternative, surgeons have conducted some com-
parative studies [17]. Meta-analysis of seven ret-
rospective case-matched series argued that RG is 
safe and efficient method and may be a more 
practical and feasible alternative to open gastrec-
tomy [18]. Similarly, recent RCT comparing RG 
with intra-corporeal robot-sewn anastomosis and 
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open gastrectomy demonstrated that RG ensures 
less blood loss (94.2 ± 51.5 vs. 152.8 ± 76.9 mL), 
shorter hospital stay (5.6 ± 1.9 vs. 6.7 ± 1.9 days) 
and earlier restoration of bowel function 
(2.6 ± 1.1 vs. 3.1 ± 1.2 days), however surgical 
duration was longer (242.7  ±  43.8 vs. 
192.4  ±  31.5 min) in RG group [19]. Neither 
complication rates (10.3 vs. 9.3%) nor number of 
harvested lymph node (30.9  ±  10.4 vs. 
29.3 ± 9.7 days) were different. As was shown in 
this RCT and previous large series, besides the 
benefits of minimal invasiveness of RG com-
pared to open surgery, some issues such as cost 
and surgical duration are the shortcomings to be 
solved in the future. For oncological safety, a 
matched-case control study showed comparable 
outcomes between RG and open gastrectomy, 
however, further studies are needed [20].

16.3.3	 �Robotic Gastrectomy 
Versus Laparoscopic 
Gastrectomy

Even though both are minimally invasive tech-
niques, some studies try to find out whether there 
is a difference between RG and LG. Recent mul-
ticenter prospective study from South Korea, 
both groups showed comparable overall compli-
cation rates (robotic: 11.9% vs. laparoscopic: 
10.3%) and major complication rates (robotic: 
1.1% vs. laparoscopic: 1.1%) [21]. Owing to the 
higher cost of robotic surgery and longer opera-
tive time in RG group, any superiority of RG over 
LG could not have been demonstrated in this 
study. Furthermore, in subgroup analysis of that 
study showed that RG compared to LG is more 
beneficial in terms of blood loss for the patients 
underwent D2 lymph node dissection [22]. 
However, robotic assistance was not helpful to 
overcome the obstacles of LG for obese patients 
or for patients underwent total gastrectomy. 
Given that use of robot for gastrectomy has a 
short history, long-term oncologic outcomes of 
RG still remains controversial. Even so, retro-
spective series comparing survival between RG 
and LG revealed that survival was comparable 
between the two approaches [23].

16.3.4	 �Robotic Gastrectomy 
Versus Laparoscopic 
Gastrectomy Versus Open 
Gastrectomy

In a study comparing three approaches in terms 
of major early complications in a total of 5839 
patients (4542 open gastrectomy, 861 LG and 
436 RG), while no significant difference was 
found between the three groups, intestinal 
obstruction and intra-abdominal fluid collection 
was observed more after open gastrectomy and 
MIS led to more anastomotic leakage [24].

16.3.5	 �Overview to Evidences

Because gastric cancer treatment depends on var-
ious factors such as tumor location, tumor stage, 
and patient characteristics, it is not rational to 
place all gastric cancer patients in one pool to 
evaluate the efficacy of MIS.  Indeed, MIS for 
gastric cancer does not have a long history, thus 
we have recently started having some evidence as 
regard to its safety and feasibility. The evidences 
we have had thus far may demonstrate that MIS 
is safe, technically feasible and oncological 
effective approach for early gastric cancer 
patients requiring distal gastrectomy. Although 
we have some evidence concerning the safety for 
advanced gastric cancer and for patients requir-
ing total gastrectomy, we need to wait the out-
comes of ongoing Korean and Japanese studies to 
have exact conclusion.

Less blood loss, improved recovery, and 
shorter hospital stay are the main advantages of 
the laparoscopic surgery as was observed in other 
gastrointestinal malignancies. Given that gastric 
cancer surgery including lymphadenectomy is a 
complex procedure, it is conceivable to suppose 
that robotic instruments will assist surgeons over-
come the difficulties during laparoscopic gastrec-
tomy. Surgical duration is one of the disadvantage 
of MIS, however, it should be kept in mind that 
learning curve effect is a key point for complex 
procedures. And, as recent studies revealed, with 
the increasing surgeon experience, time having 
spent in operation room is getting shorter not 
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only for LG and also for RG. The cost is another 
obstacle for MIS and this should be investigated 
and solved in future studies.

In the lights of current evidences, although LG 
and RG are complex procedures for surgeon, can 
be performed safely with the expected advantages 
of minimally invasive surgery. Given the difficul-
ties during laparoscopic surgery, robotic surgery 
may offer a promising alternative to traditional 
open or conventional laparoscopic gastrectomy.
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The advantages of minimally invasive approaches 
would be less postoperative pain, better cosme-
sis, less inflammatory reaction, rapid recovery of 
bowel function, well-preserved immune func-
tion, short hospital stay, and a rapid return to nor-
mal social activity. After the initial introduction 
of laparoscopic gastrectomy for gastric cancer by 
Kitano and colleagues in 1993 [1], it has rapidly 
spread out, and now it is considered as one of the 
standard minimally invasive procedures for the 
treatment of gastric cancer especially for early 
stage. For example, in Korea, the number of lapa-
roscopic surgery for gastric cancer increased 
from 740  in 2004 to 3783  in 2009 respectively, 
which accounts for 6.6 and 25.8% of all gastric 
cancer surgeries in each year [2]. Now most of 
early gastric cancer is done by laparoscopic pro-
cedure. Over the last two decades, important 
clinical evidences for laparoscopic gastrectomy 
came mainly from Korea to Japan.

17.1	 �Laparoscopic Distal 
Gastrectomy

Laparoscopic distal gastrectomy (LDG) is the 
most commonly performed laparoscopic gastrec-
tomy for gastric cancer. Operator is usually on 
the right side of the patient because dissection 
along the major vessels such as gastro-duodenal 
artery, common hepatic artery, and splenic artery 
is favored by this operator’s position (Fig. 17.1). 
In this position, ultrasonic instrument can be 
applied for dissection of lymph nodes along these 
vessels more safely. Three types of reconstruc-
tion are usually performed; gastroduodenostomy 
(Billroth I), loop gastrojejunostomy (Billroth II), 
and roux-en-Y gastrojejunostomy. The range of 
LN dissection covered no. 1, 3, 4sb, 4d, 5, 6, 7, 
8a, 9, with or without no. 11p and 12a according 
to Japanese gastric cancer classification [3]. For 
the anastomosis, circular or linear stapler was 
commonly used through 4–5 cm vertical or trans-
verse mini-laparotomy on the upper abdomen in 
case of extracorporeal gastroduodenostomy or 
gastrojejunostomy [4]. In case of intracorporeal 
anastomosis, Delta-shaped anastomosis is com-
monly applied for the gastroduodenostomy [5]. 
Although intracorporeal anastomosis has some 
advantages providing a better operative view and 
a wider range for movement during the recon-
struction, especially in obese patients, it is still 
controversial to be routinely used because of its 
higher cost for more staplers and similar clinical 
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outcomes, compared with extracorporeal anasto-
mosis. Another concern is that intraluminal con-
tent has cytology positive even in early stage, 
which can possibly result in peritoneal recurrence 
[6].

Several randomized controlled trials compar-
ing LDG versus ODG were published [2]. Among 
several RCTs, the largest and most noticeable 
one is the Korean multicenter trial, named 
KLASS (Korean Laparoendoscopic gAstrointes-
tinal Surgery Study Group) trial (NCT00452751). 
The indication was clinical stage I (cT1N0M0, 
cT1N1M0, and cT2N0M0) gastric adenocarci-
noma. The primary endpoint was overall survival, 

and the secondary endpoints were disease-free 
survival, morbidity, mortality, quality of life, 
inflammatory and immune responses, and cost-
effectiveness. A distal gastrectomy with D1+ or 
D2 LN dissection was performed in both groups. 
Reconstruction was performed by Billroth I or 
Billroth II or roux-en-Y fashion, depending on 
the surgeons’ preference. Surgery was performed 
by 15 surgeons at 13 institutes, who had per-
formed at least 50 cases each of LDG and ODG 
and their institutions performed more than 80 
cases of distal gastrectomy per year, to assure 
high surgical quality. The initial sample size was 
1400. From February 2006 to August 2010, 1416 

Operator

Assistant

Fig. 17.1  Location of 
ports and operator for 
distal gastrectomy
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patients (705 LDG and 711 ODG) were enrolled. 
According to the short term outcomes, the overall 
complication rate was significantly lower in the 
LDG group (LDG vs. ODG; 13.0% vs. 19.9%, 
P = 0.001). In detail, the wound complication rate 
of the LDG group was significantly lower than 
that of the ODG group (3.1% vs. 7.7%, P < 0.001). 
The major intra-abdominal complication (7.6% 
vs. 10.3%, P = 0.095) and mortality rates (0.6% 
vs. 0.3%, P = 0.687) were similar between two 
groups [7].

For the long term outcome of LDG, several 
case-control study or case series are available at 
this time. Japanese Laparoscopic Surgery Study 
Group (JLSSG) reported a retrospective multi-
center study of laparoscopic gastrecomy for EGC 
in 2007. Analyzing 1294 patients from 16 hospi-
tals from 1994 to 2003, they showed that only 6 
(0.6%) patients recurred during 36  month of 
median follow-up (range: 13–113  months), and 
the 5-year disease free survival rate was 99.8% 
for stage Ia, 98.7% for stage Ib, and 85.7% for 
stage II disease. In this cohort, LDG was per-
formed in 1185 patients (91.5%), and the 5-year 
disease free survival after LDG was 99.4% [8].

KLASS group also reported a similar retro-
spective multicenter long-term outcome of 2976 
patients who underwent laparoscopic (n = 1477) 
or open gastrectomy (n = 1499) from 10 hospitals 
from 1998 to 2005. The overall survival and 
recurrence-free survival were not statistically dif-
ferent at each cancer stage with the exception of 
an increased overall survival rate for patients 
with stage IA cancer treated via laparoscopy. 
After matching using a propensity scoring sys-
tem, the overall survival, disease-specific sur-
vival, and recurrence-free survival rates were not 
statistically different at each stage [9].

17.2	 �Laparoscopic Total 
Gastrectomy

Unlike LDG, laparoscopic total gastrectomy 
(LTG) remains challenging procedure and the 
technique has not yet been standardized. The 
general indication is EGC located in the upper 

third of the stomach. However, compared to 
LDG, LTG seems to be selectively performed, 
even in Korea and Japan.

Esophagojejunostomy is usually made by 
roux-en-Y fashion, either by extracorporeal or 
intracorporeal approach using either circular sta-
pler or linear stapler. Transoral introduction of the 
anvil head of the circular stapler (Orvil) is one 
available method. Sakuramoto and colleagues 
reported that intracorporeal esophagojejunostomy 
with this technique was achieved successfully in 
26 out of 27 patients. No other complications, 
such as hypopharyngeal or esophageal injury, 
occurred during passage, and no postoperative 
complications occurred except one anastomotic 
stenosis [10]. On the other hands, Nagai and 
colleagues reported a case series of 94 patients 
who underwent intracorporeal esophagojeju-
nostomy with linear stapler. Only two cases of 
anastomotic leakage were developed after sur-
gery, but there was no open conversion or mor-
tality in this cohort [11].

Recently, a meta-analysis was reported includ-
ing eight non-RTCs with 314 LTG and 384 open 
total gastrectomy (OTG) in patients with gastric 
cancer. LTG showed less intraoperative blood 
loss, less postoperative complications, and 
shorter hospital stay compared with OTG, 
although operation time was longer in LTG 
group. In-hospital mortality rates were compara-
ble for LTG (0.9%) and OTG (1.8%). Authors 
concluded that LTG shows better short-term out-
comes compared with OTG in patients with gas-
tric cancer [12].

KLASS group also reported a retrospective 
multicenter cohort study with 131 patients who 
underwent LTG. Only one patient required con-
version to open procedure. The mean number of 
retrieved lymph nodes was 34.7. The mean dura-
tion of postoperative hospital stay was 11.3 days, 
and postoperative morbidity rate was 19% with-
out operative mortality. The most common post-
operative morbidity was wound complications at 
the mini-laparotomy site, and there were three 
cases of anastomotic leakage. Six patients (5%) 
had recurrence of cancer, and nine patients (7%) 
died during the follow-up period [13].

17  Laparoscopic and Robot Assisted Gastrectomy
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17.3	 �Laparoscopic Pylorus 
Preserving Gastrectomy

Early gastric cancer located in the middle portion 
of stomach with the distal tumor border at least 
4 cm proximal to the pylorus can be managed by 
pylorus preserving gastrectomy (PPG) [14, 15]. 
Compared to distal gastrectomy, PPG has several 
advantages such as nutritional benefit, lower inci-
dence of dumping syndrome, bile reflux or gall-
stone formation [16]. Recently, several clinical 
data were reported to validate the role of PPG 
performed by laparoscopy. PPG is different from 
DG, in terms of the preservation of distal antrum 
(about 3 cm), hepatic branch of vagus nerve, right 
gastric vessel and infrapyloric vessel. For the LN 
dissection, No. 5 and No. 12a stations are not dis-
sected to preserve pyloric branch of vagus nerve 
but No. 6 station is well dissected even with pre-
serving infra-pyloric vessels. Gastrogastrostomy 
is mostly done by end-to-end manner. In laparo-
scopic procedure, it is usually performed by 
extracorporeal hand-sewn method, since antrum 
is too thick to be cut and anastomosed by linear 
stapler. Hiki and colleagues reported the short-
term outcome of 307 patients who underwent 
laparoscopic pylorus preserving gastrectomy 
(LPPG) from 2005 to 2009. The mean operation 
time for LPPG was 229.4  min and estimated 
blood loss was 49.1  mL.  The mean number of 
dissected lymph nodes was 31.6. Complications 
developed in 53 patients (17.3%), and major 
complications were observed in only four patients 
(1.3%). The most frequent complication was gas-
tric stasis, occurring in 19 patients (6.2%) [17].

Our group performed a retrospective analysis 
comparing those who underwent LPPG (n = 116) 
and LDG (n = 176) for middle third EGC. The 
overall postoperative morbidity rate was similar 
between two groups, although delayed gastric 
emptying was more frequent in LPPG than in 
LDG (7.8% vs. 1.7%). The number of retrieved 
lymph nodes was not significantly different 
(35.9  in LPPG vs. 35.2  in LDG), and 3-year 
recurrence free survival rates were also similar 
between LPPG and LDG (98.2% vs. 98.8%). 
Serum protein and albumin at postoperative 1 
and 6 months, and abdominal fat area at postop-

erative 1 year were significantly less decreased in 
LPPG. The 3-year cumulative incidence of gall-
stone was also significantly lower in LPPG than 
in LDG (0% vs. 6.5%) [18]. Therefore, LPPG 
can be considered as a better treatment option 
than LDG in terms of nutritional advantage and 
lower incidence of gallstone for middle-third 
EGC.

In order to determine whether the postopera-
tive quality of life and nutritional status are bet-
ter, and if survival is comparable after LPPG, the 
KLASS group has started a multicenter RCT 
(KLASS-04 study) to compare LPPG and LDG 
for middle-third EGC (NCT No.02595086). A 
total of 256 patients, diagnosed with a cT1N0M0 
primary gastric adenocarcinoma located at the 
middle-third of the stomach by endoscopic ultra-
sonography or CT, will be enrolled (128 patients 
in each group). The primary endpoint is the inci-
dence of dumping syndrome, assessed using the 
Sigstad score (≥7) at 1  year after surgery. The 
secondary endpoints are: the 3-year relapse-free 
survival and overall survival; the 30-day opera-
tive morbidity and mortality; changes in body 
weight and fat volume on abdominal CT; changes 
in hemoglobin, protein, albumin, and pre-albumin 
levels; symptoms and quality of life measure-
ment using the JSGIS-Q, EORTC C30, and 
STO22; the incidence of gallstones; and the gross 
and microscopic findings on gastroscopy.

17.4	 �Laparoscopic Gastrectomy 
for Advanced Cancer

As surgical experience increased, some surgeons 
are now applying laparoscopic gastrectomy with 
D2 LN dissection for the patients with AGC. The 
short term outcomes were reported as 11–16% of 
morbidity and 1–2% of mortality which were 
comparable to those of open surgery [2]. Recent 
meta-analysis, including seven case-control stud-
ies with 1271 AGC patients (626 LDG and 645 
ODG), showed that LDG patients had a longer 
operative time but a less estimated blood loss, a 
few analgesic requirements, and a shorter hospi-
tal stay, compared with patients undergoing 
ODG.  There were no significant differences 
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between the two groups in number of LN dissec-
tions, postoperative mortality, overall complica-
tions, and 3-year overall survival rate. Therefore, 
authors concluded that the oncologic outcomes 
of LDG for AGC patients were comparable with 
open approach [19].

KLASS group also studied the efficacy of 
LDG with D2 LN dissection for cT2-T4a/cN0-
N1 gastric cancer (KLASS-02, NCT01456598). 
The estimated sample size is 1050 and the pri-
mary endpoint is 3-year disease free survival rate. 
As the surgical quality may become one of the 
most important issues in this clinical trial, sur-
geons are required to be standardized and quali-
fied by participating a surgical quality control 
trial. Each applicant should submit three unedited 
videos each for LDG and ODG, respectively, 
which were evaluated by independent reviewers. 
As a result, 18 certified surgeons from 11 insti-
tutes were entered in KLASS-02, and enrolment 
of 1050 was completed at April 2105 [20]. Short 
and long term outcomes have been presented at 
ASCO and will be reported in the near future.

Chinese surgeons also started a similar multi-
centre RCT, named CLASS-01, comparing LDG 
versus ODG for advanced gastric cancer and 
short term result has been reported. Patients with 
cT2-4aN0-3M0 gastric cancer were eligible for 
inclusion. They were randomly assigned to 
either the LG with D2 lymphadenectomy group 
(n = 528) or the open gastrectomy (OG) with D2 
lymphadenectomy group (n = 528). The postop-
erative morbidity was 15.2% in the LG group 
and 12.9% in OG group with no significant dif-
ference (P = 0.285). The mortality rate was 0.4% 
for the LG group and zero for the OG group 
(P = 0.249) [21].

Japanese group also started another multicen-
tre phase II/III trial evaluating LDG with D2 LN 
dissection for cT2-T4a gastric cancer. After 
accrual of 180 patients, of which 90 are to be 
treated with the laparoscopic approach, the inci-
dence of major surgical complications will be 
assessed. If an early-stopping rule because of 
high incidence of complications does not apply, 
the trial will continue accrual for a total of 500 
patients to show non-inferiority of the laparo-
scopic approach [22].

These three prospective clinical trials are 
expected to confirm the role of laparoscopic sur-
gery for AGC [23].

17.5	 �Robotic Gastrectomy

Robot assisted gastrectomy is laparoscopic sur-
gery using robot as an instrument. Robotic sur-
gery, currently referring the surgery using the da 
Vinci® surgical system (Intuitive Surgical, 
Sunnyvale, California, USA), has been increas-
ingly applied in a variety of surgical procedures 
in urology, gynecology, thoracic surgery, and 
general surgery. While the “robotic” platform 
contains intention of the automatized procedure, 
for example industrial robots, the da Vinci surgi-
cal system lacks of autonomy and it is rather a 
remote controlling master-slave system to manip-
ulate the surgical instrument, initially designed to 
be used for extreme situation such as in space-
crafts or battlefields [24]. Considering this aspect, 
better terms to understand the current surgeries 
using the da Vinci system can be “remote access 
surgery” or “remote control surgery” using the 
robotic tele-manipulating system (Video 17.1).

Nevertheless, the da Vinci system is a concen-
trate of diverse cutting edge technologies, such as 
high quality 3D camera system with a stable 
vision, tenfold magnified view, scaled maneuver 
to enable fine movement of the instruments, 
tremor compensating mechanism, and near-
infrared fluorescent camera adds-on, etc. The 
most discriminating feature of the system is artic-
ulating instruments with seven degrees of free-
dom, which is hard to be replaced by simple 
bendable instruments for conventional laparo-
scopic surgery. These features of the da Vinci 
system well met the need of minimally invasive 
surgery in urology, where fine spatial movement 
is required in limited space, and rapidly replaced 
open surgery in tertiary centers worldwide [25]. 
The situation in gastric surgery was not the same 
as urologic surgery. Unlike the urologic surgery 
shifted from the open surgery to the robotic sur-
gery directly, the techniques and skills of conven-
tional laparoscopic gastrectomy has been already 
developed to very high level in Korea and Japan 
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before application of the da Vinci system to gas-
trectomy, and the operative field is too broad to 
maximize the features of the da Vinci system 
compared to prostatectomy. In spite of the benefi-
cial features of the system, debates are continued 
on the cost-effectiveness in gastrectomy.

17.6	 �Set-Up of Robotic 
Gastrectomy

The procedure of robotic gastrectomy has been 
developed based on conventional laparoscopic 
surgery. The port placement and goals of each 
step of the procedures are similar with minor dif-
ferences among the operators. Our preference of 
the port placement is as Fig. 17.2 [26]. It is recom-
mended to separate each port at least 8 cm to min-
imize the collision between robotic arms, 
especially for the old version of the da Vinci sys-
tem (S or Si). We set the Harmonic scalpel, the 
PK bipolar forceps, and the Cardiere forceps at 
the 1st, 2nd, and 3rd robotic arm, respectively 
Fig. 17.3. The Harmonic scalpel is the main dis-
secting device, and is installed in the 1st arm to be 
manipulated by the right hand, which is the domi-
nant hand of most of our surgeons. This place is 
opposite to that in conventional laparoscopic gas-
trectomy, in which most of Korean surgeons and 
many Japanese surgeons stand at the right side of 
the patient and use the harmonic scalpel with their 

right hand. The direction provides good direction 
of dissection in infrapyloric area and around the 
hepatic artery, however, sometimes the 1st arm 
and the 2nd arm instruments can be exchanged for 
better dissection plane along the gastroduodenal 
artery and splenic artery. The time for changing 
instruments takes only a minute. It is suggested 
that the manipulation of the harmonic scalpel with 
the left hand of the right-handed surgeon is much 
easier that in conventional laparoscopy. However, 
there is a still correlation between the proficiency 
of the robotic procedure and the manual ambidex-
terity, and most right-hand dominant operators 
prefer to manipulate the main surgical instru-
ments with their dominant hand [27]. The PK for-
ceps have a fine tip and the adequate grip power 
optimized for the fine grasping of the tissues for 
the dissection. The bipolar coagulation provides 
effective hemostasis of minute bleeding where the 
jaw of the harmonic scalpel is difficult to be 
applied. The Cardiere forceps are one of the pow-
erful grasper enough to hold and retract the stom-
ach and major vessels. The articulating wrist of 
the Cardiere forcep is useful when it holds up the 
left gastric artery, because it can effectively lift up 
the left liver in the same time (Fig.  17.4). 
Compared to the human assistant, Cardiere for-
ceps cannot be used reactively to the movement of 
the other forceps because both the 1st arm and the 
3rd arm are manipulated by the right hand alterna-
tively, however, it provides more consistent and 

2nd arm 3rd arm

1st arm

10-12cm

8-10cm

Scope
Assist port

8-10cm

Fig. 17.2  Poor placement. Ⓐ: assistant port, Ⓒ: camera port
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stable retraction. Finally, the assistant port is also 
play important role of counter-traction and appli-
cation of additional devices such as suction 
device, clips, and surgical staplers (Fig.  17.5). 
Although the articulating function of the devices 
provides better direction of the retraction of the 
tissues, there has been still limitation of the spatial 
dissection due to lack of articulating energy-based 
dissection devices. Some surgeons used articulat-
ing monopolar or bipolar electrocautery devices 

instead of the energy-based devices for gastrec-
tomy [28, 29]. However, there is a theoretically 
higher risk of free cancer cell spillage from the 
lymphatic channels with mono-polar electrocau-
tery compared to that with energy-based devices, 
because the lymphatic channel is easily open 
when cut by the electrocautery and can spill out 
the free cancer cell that may exist in the lymphatic 
fluid [6]. Recently launched articulating advanced 
bipolar device EndoWrist® One™ Vessel Sealer 

Fig. 17.3  Instrument 
setting

Fig. 17.4  Retraction of 
the tissue by the 2nd and 
3rd arm. The Cadiere 
forceps at the 3rd hold 
up the pedicle of the left 
gastric artery, and lift up 
the left liver by 
articulating wrist at the 
same time
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might be an option, and it requires to be tested in 
gastrectomy [30].

As in other robotic surgery, caution is needed 
to prevent machine-related injury. The da Vinci 
surgical system consists of very powerful robotic 
arms and lacks of haptic feedback to the hand of 
the surgeon. Careless misuse of the system can 
cause significant organ injury or even death of the 
patients. It is generally recommended deeper 
anesthesia, because the movement of the patient 
with heavy robotic instruments can cause serious 
organ injuries. It is also emphasized that the 
robotic arm outside the abdominal cavity should 
not press any part of the patient body. The power 
of traction should be well managed by visual 
haptic sense, and the movement of the robotic 
arm should be done under vision not outside of 
the visual field, which can cause serious injury to 
other organs.

17.7	 �Outcomes

Most of reports on the robotic gastrectomy were 
based on the results of the operations performed 
surgeons who are highly experienced in conven-
tional laparoscopic surgery. At least for the 

experienced laparoscopic surgeon, the adaption 
of the robotic gastrectomy was rapid [31, 32]. It 
is not surprising considering the robot surgery is 
a kind of laparoscopic surgery. Simply it is a 
matter of whether the operator be familiar how 
to drive the robot.

While there have been scores of case series to 
show the feasibility and safety of the robotic gas-
trectomy, and several comparative studies com-
paring robotic versus open gastrectomy, the main 
issue of the debate on the robot gastrectomy has 
been whether it is superior to conventional lapa-
roscopic surgery enough to justify higher cost. So 
far, there has been no large scaled randomized 
controlled trials to compare robotic versus lapa-
roscopic surgery. It might have been very diffi-
cult to randomly assign the patients into different 
groups which costs are different by a few folds, 
without any financial support of the medical 
industry. Several not-randomized comparative 
studies showed no benefit or benefit in soft 
parameters, such as less intraopeartive blood loss 
and shorter hospital stay. However, benefit in 
relatively small amount of blood loss (<100 mL) 
and a flexible paramenter like hospital stay are 
not sufficient for justifying the “financially inva-
siveness” of the da Vinci surgery [33–36].

Fig. 17.5  Triangulation 
for retraction of the 
tissue. Assistant’s 
instrument (Ⓐ) 
counter-tracts against 
the main retracting 
device Cardiere forcep 
at the 3rd robot arm
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One of the largest comparative study with 
comparative control group is a Korean multi-
center study to compare the result of the robotic 
gastrectomy for with those of the very next case 
fit the matching condition including the surgeon, 
extent of the gastric resection, and sex [37]. There 
was no difference in the complication rate (11.9% 
vs. 10.3%, p  =  0.619), major complication rate 
(Clavien-Dindo classification 3 or more) (1.1% 
vs. 1.1%, p  =  0.999), blood loss (50  mL vs. 
55  mL, p  =  0.318), number of retrieved lymph 
nodes (34 vs. 32, p = 0.587), length of hospital 
stay (6 days vs. 6 days, p = 0.889) between robot 
gastrectomy group and conventional laparo-
scopic group. On the other hand, robot gastrec-
tomy group showed longer operative time 
(221 min vs. 178 min, p < 0.001) and higher total 
cost (13,748,422 KRW vs. 9,165,862 KRW, 
p < 0.001).

There could be arguments that the robotic gas-
trectomy may have benefit in more experienced 
hand or more sophisticated procedures. Pylorus-
preserving gastrectomy may be one of the proce-
dure requiring fine dissection of the infrapyloric 
area to obtain both sufficient lymph node dissec-
tion and preservation of the infrapyloric vessels. 
Our institution compared 68 cases of robotic 
pylorus-preserving gastrectomy and 68 cases 
laparoscopic pylorus-preserving gastrectomy by 
a propensity score matching analysis. There was 
no difference in the number of total examined 
lymph nodes (33.4  ±  11.9 vs. 36.5  ±  12.3, 
p = 0.153), number of infrapyloric area (station 
#6) (5.1 ± 3.2 vs. 4.9 ± 2.8, p = 0.696), complica-
tion rate (19.1% vs. 22.1% p  =  0.671), and 
delayed gastric emptying (two cases vs. one case) 
[26]. There was report to suggest potential advan-
tage of robotic gastrectomy to reduce the postop-
erative complication by robot-experienced 
surgeon’s group, however, it is not reproduced by 
other surgeons [38]. Results in the high BMI 
patients are compelling each other, too [39–41]. 
Some surgeons expect the potential benefits of 
the robotic surgery over laparoscopic surgery in 
D2 dissection for advanced gastric cancer. One 
Japanese retrospective cohort study showed 
3-year survival after robot gastrectomy, and the 
result of the stage II (n = 19) and III (n = 16) were 

comparable to those of laparoscopic gastrectomy 
[42]. In spite of potential benefit of the da Vinci 
surgical system, it is questionable whether it can 
show oncologic superiority over conventional 
laparoscopy. If robotic D2 dissection for 
advanced gastric cancer is not proven to be supe-
rior to the laparoscopic surgery in terms of long-
term survival, alternative benefit such as less 
complication rate should be as powerful as to jus-
tify higher cost and longer operation time. To test 
feasibility, safety, effectiveness, and economical 
efficiency of robotic gastrectomy for resectable 
gastric cancer, a multi-institutional historically 
controlled prospective cohort study is undergoing 
now in Japan (personal communication with 
Professor Uyama and Terashima).

�Conclusion

Laparoscopic gastrectomy is promising mini-
mally invasive surgery for gastric cancer. As 
surgical experiences accumulated, laparo-
scopic surgery for gastric cancer is now popu-
larized and standardized. LDG shows better or 
comparable outcomes compared to ODG in 
terms of short-term results. The long-term 
outcome after LDG has been shown compa-
rable to ODG in EGC.  Clinical evidence of 
LDG for AGC are accumulating, and ongoing 
Korean Chinese and Japanese multicenter 
RCT will reveal more clinical evidences. 
Evidences of LTG are still limited. LPPG 
seems to have benefit over conventional DG 
and will be confirmed by an ongoing trial.

The da Vinci surgical system has several 
technically beneficial features for the com-
plexed oncologic surgery. Its use in gastric 
surgery has been shown to be safe and feasi-
ble, and at least not-inferior to the conven-
tional laparoscopic gastrectomy, however, 
objective benefit has not been proven by high-
level evidences. Some of soft parameters 
shown to be superior in robotic gastrectomy is 
not sufficient to justify the financially inva-
siveness of the da Vinci system. More possi-
bilities including those in D2 dissection of 
advanced gastric cancer are waiting for 
investigation, and the medical industry’s 
responsibility to support the clinical trials 
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should be considered. On the other hand, this 
integrated tele-manipulating system has 
opened many opportunities and direction of 
development in future. We can expect a vari-
ety of robotic platforms with reasonable prices 
in competing market, which can facilitate the 
development of future surgery such as tele-
mentoring, image-guided surgery, and artifi-
cial intelligence-assistant surgery.
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Minimally Invasive Treatment 
of Gastric GIST

Carlos Moreno-Sanz and Miguel A. Cuesta

18.1	 �Introduction

Gastrointestinal stromal tumours (GIST) form 
5% of all gastrointestinal tumours and 40–60% 
of these are located in the stomach. GIST derive 
from the interstitial cells of Cajal [1] and consti-
tute a separate entity from leiomyoma and leio-
myosarcoma, which were previously thought to 
be the most common soft-tissue neoplasms in the 
gastrointestinal tract. Gastrointestinal stromal 
tumours are classified by molecular and immuno-
histological features and are characterized by 
overexpression of the tyrosine kinase receptor 
KIT. The criteria for differentiating benign from 
malignant gastric GISTs have been debated for 
several years. Tumour size and mitotic index, but 
not microscopic margins of resection, have been 
shown to be significant factors for predicting  

survival. Gastric GISTs that are smaller than 
5  cm and have fewer than 5  mitoses per high-
power field are considered to have low malignant 
potential. Tumours measuring 5–10 cm or having 
5–10 mitoses per high-power field are considered 
intermediate risk, and those measuring greater 
than 10 cm or having more than 10 mitoses per 
high-power field are considering high risk [2]. 
Location and staging have been performed by a 
combination of endoscopy with detailed informa-
tion about the exact location and size of the 
tumour, endoscopic ultrasonography and 
CT-scan.

The treatment of choice for primary non-
metastatic gastric GIST is complete surgical 
resection; performing a complete bloc resection 
(R0) of the tumour and surrounding tissue.

The advent and improvement of endoscopic 
linear stapling devices have facilitated the laparo-
scopic approach to the point where laparoscopic 
partial resection by means of wedge resection or 
segmental resection of the stomach without 
lymphadenectomy forms the recommended stan-
dard treatment for gastric GIST.  An important 
review of 50 laparoscopically treated patients has 
demonstrated a 92% disease-free long-term sur-
vival—despite an average tumour size of 4.4 cm 
(range, 1.0–8.5 cm); thereby supporting not only 
the technical feasibility of laparoscopic resec-
tion, but also its efficacy [3].

Moreover, in our experience, the laparoscopic 
approach has not been necessarily limited by 
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tumour size, as previously suggested by the GIST 
Consensus Conference [4]. Although previous 
authors have recommended limiting the applica-
tion of their approach to tumours smaller than 
2.5–4 cm, we were able to perform the procedure 
successfully with larger tumours (up to 10  cm) 
while still achieving negative margins in all cases 
with low morbidity and no compromise of onco-
logic principles [5].

Various Minimally Invasive Techniques can 
be used to approach GIST, such as endoscopic 
resection, atypical gastric resections (wedge), 
standard gastric resections and combination 
techniques involving endoscopic guided lapa-
roscopic resection or laparoscopic guided 
endoscopic resection. When there is suspicion 
of a gastric GIST, the first rule is to consider 
the size of the tumour. For very small tumours 
(<1 cm) it is possible—regardless of the loca-
tion of the tumour—to combine the endoscopic 
approach with laparoscopic support. Whereas 
for tumours with a size >1 cm, we can combine 
the laparoscopic approach with endoscopic 
support.

Potential combinations of procedures for 
resecting gastric GIST tumours:

	1.	 EAWR (endoscopically assisted wedge resec-
tion). The endoscopist controls whether the 
surgeon has placed the stapler at the proper 
place and done so without tumour manipula-
tion. The surgeon can simultaneously see the 
endoscopy [6].

	2.	 The non-touch lifting method: the tumour 
can be lifted by sutures before applying the 
stapler [7].

	3.	 Laparoscopically assisted endoscopic resec-
tion (LAER) being useful for small intragas-
tric lesions. The endoscopist performs the 
submucosal resection while the surgeon 
assists in manipulating the tumour and if nec-
essary in suturing the caused perforation [8].

	4.	 Laparoscopic and Endoscopic Cooperative 
Surgery (LECS) by Hiki et al. The procedure 
starts with an endoscopic submucosal dissec-
tion around the tumour followed by a laparo-
scopic resection at the proper place. Defect is 
closed by suturing or by linear stapler [9].

	5.	 The CLEAN-NET technique as modification 
of the LECS in which the submucosal dissec-
tion is avoided [10].

	6.	 EATR (endoscopically assisted transgastric 
resection). The laparoscopic trocars are 
inserted directly in an insufflated stomach 
under endoscopic guidance. Lesion can be 
directly dissected, resected and the gastric 
opening sutured [11].

Using all necessary information, a proper 
surgical strategy can be devised. The goal is 
knowing how to resect the GIST in a specific 
location with a determined size. Although the 
technical effectiveness of laparoscopic resec-
tion has been demonstrated, an attempt to 
standardize the approach of laparoscopic 
resection of gastric GIST based on the loca-
tion of the tumour is meaningful, as demon-
strated here.

Regarding the gastric location of the GIST, we 
need to take into account the anterior and poste-
rior walls of the stomach and the two curvatures, 
thereby allowing us to differentiate and classify 
these in three zones:

Zone A: Tumour localized from yuxtacardial 
area along the lesser curvature (1/3 medial ante-
rior and 2/3 posterior wall of gastric body) 
(Fig. 18.1).

In all locations of this zone, and when the size 
of the tumour is limited, we prefer applying the 
trans-gastric laparoscopic approach (with endo-
scopic guidance) so that the tumour can be identi-
fied by an anterior gastrostomy, lifted with a suture 
and resected. In tumours located in this area in the 
anterior wall of the stomach, a EAWR technique 
should be proposed. This procedure allows com-
plete resection of the tumour without compromise 
to the gastric inlet. In special cases in which the 
size and extension of the tumour require such, a 
proximal gastrectomy or an transhiatal esophago-
gastrectomy will be performed. Moreover, this 
procedure is a much more technically demanding 
procedure, requiring advanced laparoscopic skills. 
Finally, it is technically possible to place intragas-
tric trocar-ports to perform laparoscopic transgas-
tric resection in order to avoid the gastrostomy 
(EATR technique).
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Zone B: Tumour localized in the 2/3 anterior 
and 1/3 posterior wall of fundus and corpus along 
greater curvature (Fig. 18.2).

After endoscopic localization and an adequate 
mobilization of the greater curvature, doing a 
stapled transection under simultaneous endo-
scopic guidance (EAWR technique) is a safe and 
effective technique—thanks to the extreme 
mobility of the stomach in this zone.

Zone C: Tumour localized in the anterior and 
posterior wall of antrum and prepyloric region 
(Fig. 18.3).

Stapled wedge resection is often difficult to 
realize due to the risk of gastric outlet-narrowing. 
When treating small tumours (and early gastric 
cancer) in this area, some authors propose using 
the transgastric approach with a submucosal 
resection (LECS or CLEAN-NET techniques) or 
even a wedge resection if located along the greater 
curvature. For larger tumours we prefer a distal 
gastrectomy, which precludes the possibility of 

Zone A

Anterior wall

Posterior wall

Fig. 18.1  Zone A, tumor localized from yuxtacardial 
area along the lesser curvature (1/3 medial anterior and 
2/3 posterior wall of gastric body)

Zone B

Posterior wall

Anterior wall

Fig. 18.2  Zone B.  Tumor localized in the 2/3 anterior 
and 1/3 posterior wall of fundus and corpus along greater 
curvature

Zone C

Anterior and posterior
wall

Fig. 18.3  Tumor localized in the anterior and posterior 
wall of antrum and prepyloric area
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outlet obstruction and that can be performed lapa-
roscopically with relative ease.

18.2	 �Own Series

From November 2002 to November 2016, 43 
patients underwent laparoscopic treatment for 
gastric GIST. There were 21 men and 22 women 
with a mean age of 56.2  ±  6.2  years (range: 
22–76  years). Main presenting symptoms are 
summarized in Table 18.1.

No patient received preoperative treatment 
with imatinib. Surgical procedures are summa-
rized in Table  18.2. The mean operative times 
was 147 min (range 60–290 min). There were no 
postoperative complications III–V according to 
Clavien-Dindo.

In all patients GIST was confirmed by patho-
logical examination, showing all of them low 
grade malignant potential except five with inter-
mediate risk and six with high risk of recurrence 
according to Fletcher’s classification. Pathologic 

margins were microscopically negative for all the 
patients. Six patients underwent treatment with 
imatinib due to high risk of recurrence. Patients 
have planned follow-up assessment with surveil-
lance imaging every 6 months for a 2 year period, 
then yearly thereafter. The follow-up period for 
all the patients ranged from 6 month to 14 years.

To date, there has been one distant recurrence 
on the liver in one patient with a high risk tumor 
that did not complete the adjuvant treatment due 
to imatinib toxicity. This patient underwent a 
metastectomy of the liver.

�Conclusion

The exact location and size of resectable non-
metastasized gastric GIST are important fac-
tors when devising a laparoscopic strategy. 
Also by taking into account that the stomach 
can be divided into three zones in which a 
resection strategy should be accordingly per-
formed. Special difficult zones are at locations 
A and C where an adequate strategy should be 
establish, according to size and location, to 
avoid narrowing of the esophago-gastric  
or gastric outlet. In small tumors combined 
treatments with the gastroenterologist is 
indicated.

It is our experience with more than 43 
patients operated in this way, the standardized 
laparoscopic approach for gastric GIST 
tumours can be deemed as safe (Videos 18.1 
and 18.2).

Table 18.1  Main presenting symptoms

Symptoms

Anemia 30%

Abdominal pain 30%

Dysphagia 20%

Gastroesophageal reflux 20%

Active gastrointestinal bleeding 10%

Dyspepsia 10%

Table 18.2  Surgical procedures

Zone Patients Size (cm)
Wedge 
resection

Transgastric 
resection Gastrectomy

Length of 
stay (days)

A 13 5 (2–10) – 10 3 4.6 (3–9)

B 18 5.2 (2.5–14) 16 – 2 3.5 (3–6)

C 12 5 (1–10) 3 – 9 6.5 (3–8)
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Minimally Invasive Gastrectomy 
Step by Step: How I Do It

Antonio Talvane Torres de Oliveira, 
Croider Franco Lacerda, Paulo A. Bertulucci, 
and Miguel A. Cuesta

19.1	 �Step by Step: Laparoscopic 
Total Gastrectomy (Video 19.1)

	1.	 Positioning of patient and placement of tro-
cars (Fig. 19.1)

	2.	 Dissection of greater omentum from trans-
verse colon from the middle to the left. 
Division of the left gastroepiploic vessels and 
short vessels up to the right crus of the hiatus 
(Figs. 19.2, 19.3, 19.4, and 19.5)

	3.	 Dissection of the greater omentum to the right 
up to hepatic flexure

	4.	 Dissection of the right gastroepiploic vessels, 
lymphadenectomy (station 6) and division of 
the vessels at the level of the pancreas 
(Figs. 19.6, 19.7, and 19.8)

	 5.	 Opening of the hepatoduodenal ligament (in 
the length). Lymphadenectomy of the 
common and proper hepatic artery (sta-
tions 8a and 12a), and division of the right 
gastric artery (Figs.  19.9, 19.10, 19.11, 
19.12, and 19.13)

	 6.	 Dissection of proximal duodenum and divi-
sion by stapler (Figs. 19.14 and 19.15)

	 7.	 Retraction of the stomach to the left
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Fig. 19.2  Operative 
field with lymph node 
stations

Fig. 19.3  Omentectomy 
in total gastrectomy

Fig. 19.4  Omentectomy

A.T.T. de Oliveira et al.
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Fig. 19.5  Section of 
the short vessels

Fig. 19.6  Right 
gastroepiploic vessels 
dissection

Fig. 19.7  Dissection of 
the right gastroepiploic 
vein

19  Minimally Invasive Gastrectomy Step by Step: How I Do It



198

Fig. 19.8  Lymphadenectomy 
station 6

Fig. 19.9  Hepatoduodenal ligament 
lymphadenectomy

Fig. 19.10   Hepatoduodenal 
ligament dissection

A.T.T. de Oliveira et al.
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Fig. 19.11  Division 
right gastric artery

Fig. 19.12  Lymphad
enectomy station 8a

Fig. 19.13  Lymphad
enectomy station 12a along 
portal vein

19  Minimally Invasive Gastrectomy Step by Step: How I Do It
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Fig. 19.14  Division duodenum by staplers

Fig. 19.15  Division of 
duodenum

	 8.	 Continuing the lymphadenectomy of the 
celiac trunk, left gastric vein and artery and 
along the proximal splenic artery (groups 9, 
7 and 11p). Division of the left gastric vein 
and artery (Figs. 19.16, 19.17, and 19.18)

	 9.	 Continuing the dissection from here to the 
hiatus where the esophagus is dissected free 

and divided at the proper level by stapler and 
prepared for any type of anastomosis 
(Figs. 19.19, 19.20, 19.21, and 19.22)

	10.	 Lymphadenectomy of groups 11d and 10 
(Figs. 19.23 and 19.24)

	11.	 Operative field before reconstruction 
(Figs. 19.25, 19.26, and 19.27)

A.T.T. de Oliveira et al.
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Fig. 19.16  Lymphadenectomy celiac trunk 
and division of left gastric artery

Fig. 19.17  Lymphad
enectomy stations  
7, 9 and 11p
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Fig. 19.18  Division 
left gastric artery

Fig. 19.19  Division distal esophagus

Fig. 19.20  Introduction 
anvil in the esophagus

A.T.T. de Oliveira et al.
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Fig. 19.21  Division of 
esophagus

Fig. 19.22  Anvil in 
place

Fig. 19.23  Lymphad
enectomy along splenic 
artery
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Fig. 19.24  Lymphadenectomy 
stations 11d and 10

Fig. 19.25  Operative field after total 
gastrectomy

Fig. 19.26  General 
view lymphadenectomy 
hepatoduodenal 
ligament and celiac 
trunk

A.T.T. de Oliveira et al.
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	12.	 Opening a hole in the mesocolon. Dividing 
the proximal jejunum by stapler and placing 
the distal part through the mesocolon

	13.	 Opening de jejunum and introducing the cir-
cular stapler 25 mm

	14.	 End-to-side esophago-jejunostomy (Figs. 19.28,  
19.29, 19.30, and 19.31)

	15.	 Side-to-side jejuno-jejunostomy by stapler 
and closure of the opening (Figs.  19.32, 
19.33, and 19.34)

	16.	 Final situation after reconstruction (Fig. 19.35)
	17.	 Retrieval of the specimen
	18.	 Placing of drains

Fig. 19.27  View of 
lymphadenectomy 
splenic hilum

Fig. 19.28  End-to-side 
esophago-jejunostomy

19  Minimally Invasive Gastrectomy Step by Step: How I Do It
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Fig. 19.29  Esophago-
jejunostomy 1

Fig. 19.30  Esophago-
jejunostomy 2

Fig. 19.31  Resection 
of lateral jejunum loop

A.T.T. de Oliveira et al.
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Fig. 19.32  Side-to-side jejuno-jejunostomy

Fig. 19.33   
Jejuno-jejunostomy

Fig. 19.34  Closure of 
defect after 
jejuno-jejunostomy

19  Minimally Invasive Gastrectomy Step by Step: How I Do It
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19.2	 �Step by Step: Laparoscopic 
Subtotal Gastrectomy  
(Video 19.2)

	 1.	 Positioning of patient and placement of 
trocars (Fig. 19.36)

	 2.	 Omentectomy from the transverse colon to 
the left up to the level of the gastric resection 
(Figs.  19.37, 19.38, and 19.39). 
Lymphadenectomy station 4sb (Fig. 19.40)

	 3.	 Dissection of omentum to the right up to 
hepatic flexure

	 4.	 Dissection, lymphadenectomy and division 
of the right gastroepiploic vessels at the level 
of the pancreas (station 6) (Fig. 19.41)

	 5.	 Dissection of the common hepatic artery and 
lymphadenectomy of stations 8a and 12a in 
the hepatoduodenal ligament along the por-
tal vein. Ligation of the right gastric artery 
(Figs. 19.42 and 19.43)

	 6.	 Dissection and division of the proximal duo-
denum by staplers (Fig. 19.44)

	 7.	 Lymphadenectomy along the celiac trunk, left 
gastric vein (Fig. 19.45) and artery (with divi-
sion of the vein and artery). Lymphadenectomy 
along the splenic artery (stations 7, 9 and 11p) 
(Figs. 19.46, 19.47, 19.48, 19.49, and 19.50)

	 8.	 Lymphadenectomy along the lesser curva-
ture from the esophagus up to the level of 
gastric resection (stations 1 and 3) 
(Figs.  19.51 and 19.52). This lymph nodes 
are included in the specimen.

	 9.	 Division of the stomach at the proper level 
by staplers (from left to right) (Figs. 19.53, 
19.54, and 19.55)

	10.	 Opening a hole in the mesocolon
	11.	 Division of a loop of the proximal jejunum 

(Fig. 19.56)
	12.	 Distal jejunum up through mesocolon hole 

(Fig. 19.57)

Fig. 19.35  Final view after reconstruction

A.T.T. de Oliveira et al.
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	13.	 Side-to-side gastro-jejunostomy by longitudi-
nal stapler from the right followed by closure of 
the defect (Figs. 19.58, 19.59, 19.60, and 19.61)

	14.	 Side-to-side jejuno-jejunostomy anastomo-
sis by stapler followed by closure of the 
defect (Figs. 19.62 and 19.63)

	15.	 Placing this anastomosis at the inframeso-
colic level and fixing it to the mesocolon 
(Fig. 19.64)

	16.	 Retrieval of specimen
	17.	 Placing of drains

Fig. 19.36  Trocars and help incision in subtotal 
gastrectomy

Fig. 19.37   
Omentectomy in 
subtotal gastrectomy

19  Minimally Invasive Gastrectomy Step by Step: How I Do It
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Fig. 19.38   
Omentectomy

Fig. 19.39  Dissection 
of omentum up to short 
gastric vessels

Fig. 19.40  Lymphad
enectomy 4sb

A.T.T. de Oliveira et al.
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Fig. 19.41  Lymphad
enectomy station 6

Fig. 19.42  Dissection 
hepatoduodenal 
ligament

Fig. 19.43  Lymphad
enectomy stations  
8a and 12a
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Fig. 19.44  Section 
duodenum

Fig. 19.45  Dissection 
right gastric vein

Fig. 19.46   
Lymphadenectomy stations 
7, 9 and 11p

A.T.T. de Oliveira et al.
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Fig. 19.47  Division 
left gastric artery

Fig. 19.48  D2 lymphadenectomy stations  
of celiac trunk and along the splenic artery

Fig. 19.49  General 
view lymphadenectomy 
celiac trunk
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Fig. 19.50  View 
lymphadenectomy 
hepatoduodenal 
ligament

Fig. 19.51  Lymphadenectomy stations 1 and 3

Fig. 19.52   
Lymphadenectomy  
stations 1 and 3 along 
small gastric curvature

A.T.T. de Oliveira et al.
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Fig. 19.53  Division of the proximal stomach by 
staplers

Fig. 19.54  Division of 
the stomach

Fig. 19.55  Stomach is 
divided
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Fig. 19.56  Division by 
staplers of proximal 
jejunum

Fig. 19.57  Jejunum 
loop transmesocolic to 
upper abdomen

Fig. 19.58  Side-to-side gastro-jejunostomy 
anastomosis

A.T.T. de Oliveira et al.
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Fig. 19.59   Gastro-jejunostomy

Fig. 19.60  Closure defect of gastro-jejunostomy

Fig. 19.61   
Gastro-jejunostomy
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Fig. 19.62  Side-to-side 
jejuno-jejunostomy

Fig. 19.64  Final aspect of the reconstruction 
after subtotal gastrectomy

Fig. 19.63  Closure of 
the opening of the 
jejuno-jejunostomy

A.T.T. de Oliveira et al.
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Pancreatic Resection After 
Neoadjuvant Treatment

Mustafa Suker and Casper H.J. van Eijck

20.1	 �Introduction

Pancreatic cancer has a very poor prognosis, with 
the projection to be the second leading cancer-
related death in 2020 [1]. Pancreatic cancer can 
be divided in three stages: resectable (15%), 
locally advanced (35%) and metastatic disease 
(50%) [2]. The diagnosis of resectable and locally 
advanced pancreatic cancer is determined by the 
tumor invasion of critical structures, in particular 
the portal vein, superior mesenteric vein, coeliac 
artery and superior mesenteric artery. This tumor 
invasion is usually assessed by contrast enhanced 
computed tomography (CT). There are several 
definitions for resectable and locally advanced 
disease, usually based on the tumor burden of the 
surrounding major vessels. This tumor burden 
can be defined as no invasion at all to the sur-
rounding structures (resectable disease) and too 
much invasion in the surrounding structures to be 
deemed resectable (locally advanced disease). In 
between these two extremes there is a diagnostic 
gap where a tumor has some vessel involvement 
but is still resectable, this gap is called borderline 
resectable disease. The two most commonly used 
definitions for (borderline) resectable disease and 

locally advanced disease are that of National 
Comprehensive Cancer (NCCN) and the com-
bined definition of Americas Hepato-Pancreato-
Biliary Association (AHPBA), the Society of 
Surgical Oncology (SSO), and the Society for 
Surgery of the Alimentary Tract (SSAT) [3, 4]. 
Both the definitions of NCCN and AHPBA/SSO/
SSAT for borderline resectable and locally 
advanced disease are summarized in Table 20.1. 
For decades, the primary treatment for borderline 
resectable pancreatic cancer was upfront surgery. 
However, neoadjuvant therapy is becoming more 
and more a valuable upfront therapy for border-
line resectable disease. Although there is no clear 
level I evidence for this treatment [5]. The main 
purpose of neoadjuvant treatment are threefold: 
(1) improve probability of radical resection, (2) 
patient selection of patients with rapid disease 
progression that will undergo unnecessary sur-
gery, (3) early treatment of occult metastasis and 
finally more patients receiving systemic treat-
ment since a significant portion of patient do not 
come to adjuvant therapy after surgical resection 
due to morbidity [6]. In contrary, locally advanced 
pancreatic cancer is conventionally treated with 
induction chemotherapy and sometimes followed 
by local therapy such as (chemo)radiotherapy or 
local ablation. Surgery is not recommended as an 
upfront treatment in  locally advanced unresect-
able pancreatic cancer and is only reserved for 
patients with disease response and after tumor 
downstaging with chemotherapy and or (chemo)
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radiotherapy [7]. In this chapter, an overview will 
be given of studies that examined the effect of 
neoadjuvant treatment on surgical outcomes in 
borderline resectable and locally advanced unre-
sectable pancreatic cancer. Lastly, an illustrative 
case report will be presented of a patient with 
locally advanced unresectable pancreatic cancer.

20.2	 �Borderline Resectable 
Pancreatic Cancer

The diagnosis of borderline resectable pancreatic 
cancer remains difficult. There are some consen-
sus definitions (Table 20.1), but bottom line, bor-
derline resectable pancreatic cancer is diagnosed 
by the surgeon if he deems the tumor resectable 
despite vascular encasement on CT with a possi-
bility that the resection is radical and resected 
vascular structures are reconstructable [6]. 
Neoadjuvant treatment is emerging as a new and 
valuable addition to resection. When considering 
neoadjuvant treatment, tissue diagnosis is man-
datory to avoid unnecessary adverse events of the 
neoadjuvant treatment. This is usually performed 
by endoscopic ultrasound guided (EUS) biopsy. 

Furthermore, if (chemo)radiotherapy is included 
in the neoadjuvant regimen, preferably patients 
should undergo a staging laparoscopy to exclude 
occult metastasis. Finally, a restaging CT should 
be performed after neoadjuvant treatment to 
avoid unnecessary laparotomies [4].

There are several studies published on the effect 
of neoadjuvant treatment and surgical outcomes 
[6]. In 2010, Chun et al. described in a retrospec-
tive study that 74 patients received neoadjuvant 
treatment versus 35 patients that received upfront 
surgery [8]. There were two different neoadjuvant 
treatments given: 5-Fluorouracil (5-FU) based 
chemoradiation and gemcitabine-based chemora-
diation. All patients underwent a resection and the 
number of radical resections (R0) was much higher 
in the neoadjuvant treated patients then in the 
upfront surgery patients (59% vs. 11%, 
p = <0.0001). In addition, the overall survival of 
the neoadjuvant group was 23  months versus 
15 months in surgery group (p = 0.001). There was 
no difference in surgical morbidity or mortality 
between both groups. Stokes et  al. published in 
2011 a prospectively maintained database study 
that compared borderline resectable pancreatic 
cancer patients whom received neoadjuvant 

Table 20.1  NCCN and AHPBA/SSO/SSAT definitions of borderline resectable and locally advanced pancreatic 
cancer

NCCN AHPBA/SSO/SSAT

Borderline resectable No distant metastases No distant metastasis

Solid tumor contact with SMA <180° Solid tumor contact with SMA <180°

Solid tumor contact with GA and/or CHA 
without involvement of CA

Solid tumor contact with GA and/or 
CHA without involvement of CA

Reconstructable SMV and/or PV despite 
tumor involvement or occlusion

Reconstructable SMV and/or PV 
despite tumor involvement or occlusion 
without tumor contact with surrounding 
arteries

Locally advanced No distant metastasis No distant metastasis

Solid tumor contact with SMA and/or 
CA >180°

Circumferential encasement of SMA 
and/or CHA

Solid tumor contact with the first jejunal 
SMA branch and/or aortic involvement

Abutment of CA due to tumor 
involvement

Unreconstructable SMV and/or PV due to 
tumor involvement or occlusion

Unreconstructable SMV and/or PV due 
to tumor involvement or occlusion

Contact with most proximal draining 
jenjunal branch in to SMV

SMA superior mesenteric artery, GA gastroduodenal artery, CA coeliac axis, CHA common hepatic artery, SMV superior 
mesenteric vein, PV portal vein
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capecitabine-based chemoradiation (n = 40) with 
resectable patients whom underwent surgery first 
(n = 75) [9]. Of the neoadjuvant group 40% under-
went a resection with 75% being an R0 resection 
versus 68% resection rate without reporting the R0 
resection rate in the surgery first group. The 
patients with borderline resectable disease had a 
median overall survival (OS) of 12  months, 
patients that eventually underwent a resection 
reached a median OS of 20 months. Median OS 
did not differ for patients that underwent a resec-
tion in the neoadjuvant group or the surgery first 
group. Similarly, Kang et  al. showed in a retro-
spective study that borderline resectable patients 
(N = 32) receiving neoadjuvant gemcitabine with 
or without cisplatin-based radiotherapy have the 
same overall survival as the patient with resectable 
disease that underwent surgery first (N  =  104) 
(median OS 31 vs. 26  months, p  =  0.709) [10]. 
Accordingly all patients in both group underwent a 
resection and there were no differences in the radi-
cal resection rate (88% vs. 88%, p = 0.272). This 
high radical resection rate was seen as well by Lee 
et  al., where 18 patients received neoadjuvant 
gemcitabine and capecitabine which resulted in 
61% resections and 82% R0 resection [11]. In a 
prospective phase 2 trial Kim et  al. included 39 
patients with borderline resectable disease that 
received gemcitabine-oxaliplatin-based radiother-
apy. The same neoadjuvant treatment was given to 
23 patients with resectable disease [12]. Similar 

results were found as 62% were resected in the 
borderline resectable groups and 57% in the resect-
able group (p  =  not reported). Median OS were 
comparable as well with 18 versus 27  months 
(p  =  not reported). Another prospective phase 2 
study by Takahashi et al. used gemcitabine-based 
radiotherapy as neoadjuvant treatment in 80 
patients with borderline resectable disease and 188 
patients with resectable disease [13]. There was a 
difference in the number of patients that underwent 
a resection with 54% in the borderline resectable 
compared to 87% in the resectable group 
(p  <  0.001). The study showed that both groups 
that did not underwent a resection did not differ in 
median overall survival (11 months vs. 15 months, 
p = 0.06). However, the 5-years survival rate in the 
patients with borderline disease was lower than 
patients with resectable disease (34% vs. 57%, 
p = 0.029). The most recent phase 2 trial on this 
topic was conducted by Katz et al. where 22 bor-
derline resectable patients received neoadjuvant 
leucovorin, 5-fluorouracil, irinotecan and oxalipla-
tin (FOLFIRINOX) followed by capecitabine-
based radiotherapy [14]. This study showed a 68% 
resection rate with 93% being an R0 resection and 
a favorable median OS of 22 months in all included 
patients. All these studies are summarized in 
Table 20.2 with their main surgical and oncologi-
cal outcomes. Although all these results are sup-
portive for neoadjuvant treatment in borderline 
resectable pancreatic cancer, the conclusions 

Table 20.2  Overview of the biggest neoadjuvant treatment studies for borderline resectable pancreatic cancer in the 
past 6 years

Author, year N Neoadjuvant regimen % Resected % R0 resection
Median OS, 
months

Chun, 2010 74 5-FU-RT 100 59 23

Gem-RT

Stokes, 2011 40 Cap-RT 40 75 12

Kang, 2012 32 Gem ± Cis-RT 100 88 32

Lee, 2012 18 Gem-Cap 61 82 NR

Kim, 2013 39 Gem-Ox-RT 62 NR 18

Takahashi, 2013 80 Gem-RT 54 98 NR

Katz, 2016 22 FOLFIRINOX, then 
Cap-RT

68 93 22

5-FU 5-flouraucil, Gem gemcitabine, Cap capecitabine, Cis cisplatin, Ox oxaliplatin, FOLFIRINOX leucovorin, 
5-fluorouracil, irinotecan and oxaliplatin, RT radiotherapy, NR not reported
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should be drawn with caution. First of all, most 
studies are retrospective studies with a small sam-
ple size. Furthermore, most studies compare bor-
derline resectable pancreatic cancer with resectable 
pancreatic cancer and one could argue whether 
these are two different patient populations. A 
patient with resectable pancreatic cancer was diag-
nosed before any vascular invasive components 
were found, while borderline resectable could 
invade major vessels before giving any symptoms. 
Last but not least, all the studies gave different neo-
adjuvant regimens, which make comparisons of 
these studies very difficult. However, there is some 
consensus that the postoperative mortality and 
morbidity rate in neoadjuvant treated patients does 
not differ from upfront surgery [15]. Moreover, 
there is some data suggesting that neoadjuvant 
treatment in borderline resectable pancreatic  
cancer gives better survival at a lower cost than 
upfront surgery (23.4 Quality adjusted life months 
(QALM) at $ 45.673 versus 18.8 QALM at 
$46.830) [15]. This was also seen in a Markov 
decision model of de Geus et al. which showed that 
the life expectancy of patients with borderline 
resectable pancreatic cancer that received neoadju-
vant treatment (n = 871) was higher than patients 
receiving upfront surgery (n  =  789) (32 vs. 
27 months) [16]. In addition, the quality adjusted 
life expectancy was 26 month in the neoadjuvant 
groups versus 21  months in the upfront surgery 
group. In a recently published large propensity 
score matched analysis for patients (borderline) 
resectable pancreatic cancer by Mokdad et al. neo-
adjuvant treatment (n  =  2005) showed a much 
higher median OS (26 vs. 21  months, p  <  0.01) 
than upfront surgery matched group (n  =  6015) 
[17]. In conclusion, there is some data suggesting 
that neoadjuvant treatment could be the new stan-
dard therapy for borderline resectable pancreatic 
cancer. However, there is no level I data from a 
large randomized controlled trial (RCT) which can 
give conclusive guidelines. Hopefully in the near 
future, a large Dutch RCT comparing upfront sur-
gery followed by adjuvant gemcitabine with neo-
adjuvant gemcitabine-based radiotherapy followed 
by surgery and adjuvant gemcitabine (PREOPANC-
trial) can give decisive conclusions on this hot 
topic [18].

20.3	 �Locally Advanced Pancreatic 
Cancer

The diagnosis of locally advanced pancreatic 
cancer (LAPC) is a more defined diagnosis. The 
tumor has a vascular invasive aspect on CT that 
makes it unresectable due to the high probability 
of micro- or macroscopically irradical resection. 
Unfortunately, there is no worldwide consensus 
on how much the vascular involvement should 
be to deem the tumor unresectable (Table 20.1). 
The diagnostic approach consists of a CT-scan 
of chest, abdomen and pelvis to exclude meta-
static disease [6]. If in any phase of the treat-
ment a local therapy is considered (i.e. 
radiotherapy or surgery), a staging laparoscopy 
is recommended [4]. A staging laparoscopy has 
shown to upstage around one third of the patients 
with LAPC on CT to a metastatic disease. 
Conventionally, LAPC is treated like metastatic 
disease with induction systemic chemotherapy. 
For decades fluorouracil was the standard first-
line treatment for LAPC. This changed after an 
RCT in 1997 including patients with metastatic 
and locally advanced pancreatic cancer showed 
a median OS of 5.6 months in the gemcitabine 
arm while fluorouracil arm gave a median OS of 
4.4 months (p = 0.0025) [19]. More recently, in 
2011 an RCT was conducted by Conroy et  al. 
with FOLFIRINOX versus gemcitabine for 
patients with metastatic [20]. The median OS in 
the FOLFIRINOX group was 11.1 vs. 6.8 months 
in gemcitabine group (p  <  0.001). Since this 
revolutionary paper was published many case 
series with first-line FOLFIRINOX for LAPC 
are published. A recently published patient-level 
meta-analysis of 11 studies, showed that patients 
with LAPC (n  =  315) treated with first-line 
FOLFIRINOX had a median OS of 24 months. 
(Chemo)radiotherapy was given following the 
FOLFIRINOX treatment in 57% of the patients. 
Eventually, 28% underwent a resection with 
74% being an R0 resection. Resection rates and 
the addition of (chemo)radiotherapy were not 
based on patient-level data. Nevertheless, these 
subsequent treatments did not show a significant 
correlation with survival [21]. The survival and 
surgical data of these included 11 studies are 
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shown in Table 20.3. Recently, a phase II trial 
endorsed these findings including 31 patients 
with LAPC that received first-line 
FOLFIRINOX.  The median OS was 
26.6  months, with 42% of the patients under-
went a resection, which resulted in an R0 resec-
tion in all of these patients [22]. Another 
systemic chemotherapy regimen is nab-pacli-
taxel–gemcitabine examined in a recent RCT 
from Von Hoff et  al., although including only 
patients with metastatic pancreatic cancer 
showed a survival benefit for nab-paclitaxel–
gemcitabine versus gemcitabine alone (median 
OS 8.5 vs. 6.7 months, p < 0.001) [23]. The ben-
efit of systematic therapy above surgery-first 
approach in patients with LAPC was further 
underlined in an American nationwide database 
set which showed a median OS of 21  months 
(n = 377) versus 14 months (n = 216) in favor of 
the neoadjuvant group (p < 0.001) [24].

Additional treatment after first-line chemo-
therapy is only advised if there is no clinical 
tumor progression. The optimal subsequent regi-
men has yet to be established, due to contradict-
ing results. In the last decade there were three 
randomized trials that evaluated the effect of 
(chemo)radiotherapy versus chemotherapy alone 
in LAPC [6]. One study randomized gemcitabine 
(n = 60) versus fluorouracil-cisplatin-radiotherapy 
followed by gemcitabine (n = 59), which showed 
a median OS of 14.3 months versus 8.4 months in 

favor of gemcitabine alone arm (p = 0.014). In the 
contrary, another study randomized between 
gemcitabine versus gemcitabine-radiotherapy, 
which showed a median OS 9.2  months versus 
11.1  months in favor of gemcitabine-radiother-
apy arm (p = 0.017). The most recent study that 
was published showed no difference in subse-
quent treatment with radiotherapy. The study 
enrolled patients with LAPC for 4  months  
of gemcitabine with or without erlotinib and if  
no progression was seen the patients were ran-
domized between 2 months extension (n = 136) 
of the chemotherapy or capecitabine-radiother-
apy (n = 133) (median OS 15.2 vs. 16.5, p = 0.83). 
Little is known about the survival benefit of 
resection after induction chemotherapy and 
radiotherapy. There is no consensus in the litera-
ture on selection of patients with LAPC for resec-
tion after induction therapy [25]. After first-line 
FOLFIRINOX it seems that the resection rates do 
not influence the median OS [21]. Some studies 
conclude that there is a significant better survival 
of resected patients after induction therapy. These 
conclusions should be taken with much caution, 
as there are no randomized trials examining the 
role of surgery in the non-progressive or respon-
sive LAPC.  Therefore, if patients with LAPC 
have much better survival after induction therapy 
followed by resection this could merely rely on 
the fact that these patients are the good respond-
ers and therefore the long survivors.

Table 20.3  Studies describing surgical data after first-line FOLFIRINOX treatment in LAPC

Author, year N % Resected % R0 resection Median OS, months

Conroy, 2011 11 0 NA 15,7

Hosein, 2012 14 43 83 32,7

Peddi, 2012 19 21 NR Not reached

Boone, 2013 10 20 50 NR

Faris, 2013 22 23 100 24,7

Gunturu, 2013 16 13 NR 25,3

Mahaseteth, 2013 20 20 75 21,2

Hohla, 2014 6 33 NR 10,0

Moorcraft, 2014 8 25 NR 18,4

Marthey, 2015 77 36 89 21,1

Mellon, 2015 21 24 100 24,0

Sadot, 2015 101 31 52 26,0

Stein, 2016 31 42 100 26,6

Data adapted from Suker et al. and Stein et al. [21, 22]
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20.4	 �Pancreatic Resection 
After Neoadjuvant 
Treatment

There is limited data on the surgical morbidity 
and mortality of surgery after induction therapy. 
One review showed that after induction 
FOLFIRINOX the surgical morbidity is reported 
to be as high as 60% with the surgical mortality 
being around 3% [26]. These mortality and mor-
bidity rates were similarly found by Cooper et al. 
were retrospectively 1562 patients were identi-
fied that underwent pancreatic resection [27]. 
The neoadjuvant chemo(radio)therapy group 
(n = 199) were compared to the upfront surgery 
group (n = 1363). The 30-day mortality and post-
operative morbidity rates were similar between 
both groups. Of note, there were fewer organ 
space infections (3% vs. 10%, p  =  0.001) and 
fewer pancreatic fistula (7% vs. 15%, p = 0.03) in 
the neoadjuvant group. Another study showed in 
a group of 45 patients with borderline and locally 
advanced pancreatic cancer that the 90-days mor-
tality was around 7% and the overall morbidity 
was as low as 33% [28]. These results were 
underlined by a retrospective study which identi-
fied 56 patients with borderline resectable and 
five patients with LAPC that received neoadju-
vant treatment before undergoing a pancreatic 
resection and compared the perioperative results 
to 241 with resectable disease that underwent 
upfront surgery [29]. The 90-days mortality  
(2% vs. 4%, p = 0.69) and postoperative morbid-
ity (39% vs. 31%, p  =  0.23) were the same 
between the two groups while the R0 resection 
(97% vs. 84%, p < 0.001) was a lot higher in the 
neoadjuvant group. This higher R0 resection  
rate was also seen in a large nationwide database 
with (borderline) resectable pancreatic cancer 
(n = 7881) where 1188 patients received neoadju-
vant treatment. The R0 resection rate was 80% in 
the neoadjuvant group versus 73% in the upfront 
surgery group (p < 0.01), where the 30-days read-
mission and 90-day mortality were not different 
in both groups. Because of these and other stud-
ies the American Society of Clinical Oncology 
(ASCO) advices in the most recent guideline to 
offer patients with (borderline) resectable neoad-

juvant treatment as an alternative to upfront sur-
gery [30]. Also, the most recent ASCO guideline 
advices that all patients with LAPC should 
receive first-line chemotherapy with or without 
radiotherapy and surgery should be only consid-
ered if dramatic response to induction therapy 
was achieved [7]. Of note, there is no data sup-
porting survival benefit or disadvantage of resec-
tion after systematic therapy in patients with 
LAPC. There are much more prospective studies 
needed to help understand which treatment  
regimens are effective for patients with LAPC 
[7]. A large RCT is being conducted at the 
moment in France to compare gemcitabine with 
FOLFIRINOX to give definitive a conclusion  
on which regimen is the better (PRODIGE 
29-NEOPAN, NCT02539537). Furthermore, a 
prospective phase 2 study in the Netherlands  
is enrolling patients with LAPC to receive  
stereotactic body radiotherapy (SBRT) after first-
line FOLFIRINOX to assess feasibility and  
efficacy of this treatment regimen (LAPC-1, 
NCT02292745). Another worldwide multicenter 
phase 2 study is enrolling the same patient popu-
lation to examine the efficacy of nab-paclitaxel–
gemcitabine (LAPACT, NCT02301143).

20.5	 �Case Report

A 40-year old mother of two children without 
any relevant medical history presents with jaun-
dice. On CT-scan a mass of 4.7 cm in the pan-
creatic head is seen with encasement of more 
than 270° and total occlusion of the superior 
mesenteric vein (SMV) (Fig. 20.1a). Some peri-
umbilical collateral veins are seen, no meta-
static suspected lesions were seen on the chest 
or pelvis CT-scan. The patient underwent an 
EUS with biopsy of the pancreatic mass and an 
endoscopic retrograde cholangiopancreatogra-
phy without the possibility to place a stent in 
the common bile duct. By a percutaneous tran-
shepatic cholangiography the bile drainage was 
secured and eventually a covered self-expand-
able biliary stent was placed. After the biopsy 
has shown adenocarcinoma, the patient under-
went a staging laparoscopy which did not  
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show any metastatic lesion. The patient was 
included in the LAPC-1 study (NCT02292745) 
and received a first block of 4  cycles of 
FOLFIRINOX. A restaging CT-scan showed a 
decrease in size of the tumor (4.1 cm) and fur-
thermore a stable disease. After another block 
of 4  cycles of FOLFIRINOX a restaging 
CT-scan showed no alterations in size of tumor 
or metastatic suspected lesions. The patient was 
referred for SBRT and underwent EUS for fidu-
cial markers to help guide the SBRT. The patient 
received 5 times 8 Gray SBRT (total 40 Gray in 
5  days). The fist follow-up CT-scan after 
3  months showed a significant response with 
tumor being shrunk to 1.6 cm with less than 90° 
encasement left of the SMV, however the occlu-
sion was still present (Fig.  20.1b). This made 
the tumor borderline resectable and therefore 
the patient underwent a Whipple resection with 
SMV short segment resection and reconstruc-
tion (Fig.  20.2a). Histopathology showed a 
minimal rest of adenocarcinoma of the pancreas 
in an area of 1.5  cm and extensive tumor 
response in the form of fibrosis (Fig.  20.2b). 
Also in the lumen of the resected SMV adeno-
carcinoma was found. All resection margins 
were radical and staging given this information 
was ypT3N0M0 R0. The patient was discharges 
after 10  days in good condition and is being 
followed-up in the out-patient clinic. No addi-
tional CT-scan will be made until clinical symp-
toms will be present.

�Conclusion

Pancreatic cancer has a very poor prognosis. 
There are trials being conducted to hopefully 
improve the survival in pancreatic cancer. In 
the recent years neoadjuvant treatment is 
being examined as possible upfront therapy 
for borderline resectable instead of the surgery 
first approach. There is some data suggesting 
that this could be a fruitful approach. At the 
moment, these neoadjuvant treatments should 
be only given in prospective trials to help 
establish a consensus on the efficacy of neoad-
juvant treatment and the standard regimen. In 
case of locally advanced unresectable pancre-
atic cancer, there is some consensus for the 
treatment approach. The treatment should 
start with systemic chemotherapy, with 
FOLFIRINOX the first choice if the patient 
has an acceptable condition to undergo this 
highly active chemotherapy. Otherwise first-
line nab-paclitaxel–gemcitabine can be con-
sidered but this should be only given in a 
prospective study. If these regimens are not 
feasible, the standard first-line chemotherapy 
is still gemcitabine. If subsequent local treat-
ment is considered external beam or stereotac-
tic body radiotherapy seem promising, but 
there is no level 1 evidence on which subse-
quent treatment is the best choice. Resection 
should only be considered if there is a good 
response on the prior treatment, i.e. the tumor 
has become a (borderline) resectable tumor. 

a b

Fig. 20.1  (a) Baseline CT scan with pancreatic tumor of 4.7 cm. (b) CT scan with pancreatic tumor shrunk to 1.6 cm 
after 8 cycles of FOLFIRINOX and 40 Gray of SBRT
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Of note is that there is no evidence at all for 
survival benefit of surgical resection after 
induction therapy. Hopefully, in the near 
future with high impact prospective studies 
there is more consensus on the role of neoad-
juvant treatment for borderline resectable pan-
creatic cancer and on the treatment regimen 
for locally advanced pancreatic cancer.
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Open or Minimally Invasive 
Pancreatic Surgery?

Robert J. Torphy and Barish H. Edil

21.1	 �Introduction

Laparoscopic surgery has become the standard of 
care for several abdominal operations. Minimally 
invasive pancreas surgery has been slower to gain 
acceptance because of the inherent challenges, 
including the retroperitoneal location of the pan-
creas, proximity to the superior mesenteric artery 
and vein, portal vein, hepatic arteries, and high 
complication rates. However, this is an emerging 
field that continues to gain acceptance and in the 
appropriate clinical scenario can minimize opera-
tive morbidity and blood loss while improving 
quality of life.

The indications for pancreatic resection are 
broad and include cystic neoplasms, chronic 
pancreatitis, neuroendocrine tumors, periampul-
lary adenocarcinoma, and pancreatic ductal ade-
nocarcinoma (PDAC). Options for pancreatic 
resection include enucleation, distal pancreatec-
tomy with or without splenic preservation, pan-

creaticoduodenectomy and total pancreatectomy 
depending on the pathology being treated and its 
anatomic location.

Since the first reported cases of a laparoscopic 
distal pancreatectomy and a laparoscopic pancre-
aticoduodenectomy in the 1990s, the acceptance 
and adoption of these complex minimally inva-
sive operations has increased [1, 2]. There is also 
a continually growing body of literature that 
demonstrates that these minimally invasive pro-
cedures can have benefits when compared to their 
open counterparts. While initial reports argued 
these operations should be reserved for benign 
surgical indications, there is now increasing evi-
dence that minimally invasive resections for 
malignancies are not only feasible but may 
reduce morbidity and improve subsequent deliv-
ery of adjuvant therapy. This is an area that 
deserves significant attention, as PDAC is the 
12th most common cancer in the world, with 
338,000 new cases diagnosed in 2012, and surgi-
cal resection remains the only potentially cura-
tive therapy [3].

21.2	 �Laparoscopic Distal 
Pancreatectomy

Laparoscopic distal pancreatectomy emerged in 
the 1990s and was initially reported for the treat-
ment of chronic pancreatitis and its application 
has since rapidly expanded over the subsequent 
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decade [1]. This technique has been shown to be 
a safe and feasible. In a meta-analysis of over 
1800 patients who underwent laparoscopic distal 
pancreatectomy and open distal pancreatectomy 
for benign and malignant indications, patients 
who underwent laparoscopic distal pancreatec-
tomy had lower blood loss, shortened hospital 
length of stay, and fewer overall complications. 
Hospital length of stay was reduced by 4 days in 
the laparoscopic group. The overall incidence of 
complications was 33.9% in the laparoscopic 
group vs. 44.2% in the open group. Patients in the 
laparoscopic group had significantly fewer surgi-
cal site infections (2.9% vs. 8.1%) and a lower 
hospital readmission rate (12.6% vs. 17.7%). 
Importantly, there was no difference in pancre-
atic fistula rate or operative mortality [4].

There have been no randomized controlled tri-
als comparing laparoscopic to open distal pancre-
atectomy for PDAC. The literature is limited to a 
few retrospective series. In the United States, a 
retrospective study using the National Cancer 
Database compared 145 patients who underwent 
a laparoscopic distal pancreatectomy to 625 
patients who underwent open distal pancreatec-
tomy for PDAC between 2010 and 2011. A higher 
percentage of patients undergoing laparoscopic 
distal pancreatectomy were treated at academic 
or research institutions (70% vs. 59%). Patients 
in the open group also had slightly larger tumors 
(4.2  cm vs. 3.7  cm). Importantly, there was no 
difference between the two groups with regards 
to the number of lymph nodes harvested and the 
number of positive lymph nodes harvested. 
Furthermore, fewer patients undergoing laparo-
scopic resection had positive margins (12% vs. 
20%). As shown in prior studies, the length of 
stay was shorter in the laparoscopic group and 
the 30-day mortality was equivalent. This study 
was limited by its retrospective nature and likely 
selection bias with smaller tumors being removed 
laparoscopically. Also, morbidity was not cap-
tured in the National Cancer Database so no com-
parisons could be made regarding post-operative 
complications [5]. A nationwide retrospective 
observational study was also recently performed 
in France which showed laparoscopic distal pan-
createctomy was independently associated with 

reduced pulmonary complications, reduced blood 
transfusions, shorter hospital length of stay with 
no increase in severe abdominal complications 
when compared to the open approach [6]. In 
conjunction, these two studies show that laparo-
scopic distal pancreatectomy for PDAC has 
equivalent oncologic outcomes to open distal 
pancreatectomy in terms of margin positivity and 
lymph node harvest with reduced operative 
morbidity.

21.3	 �Laparoscopic 
Pancreaticoduodenectomy

The first laparoscopic pancreaticoduodenectomy 
was reported in 1996 and has been slow to  
gain popularity [2]. A recent review of the litera-
ture shows that laparoscopic pancreaticoduode-
nectomy can be performed safely and with 
acceptable complication rates [7]. Several retro-
spective studies have also attempted to compare 
laparoscopic vs. open pancreaticoduodenectomy. 
Asbun et  al. compared a cohort from 2005 to 
2011 of 53 laparoscopic pancreaticoduodenecto-
mies vs. 215 open procedures. In this cohort of 
patients, the laparoscopic group had significantly 
less blood loss (195 mL vs. 1032  mL), fewer 
transfusions (0.64 units vs. 4.7  units), shorter 
intensive care unit stays (1.1 days vs 3 days) and 
shorter overall hospital stays (8 days vs. 
12.4  days). Complication rates were similar 
between the two groups. Oncologically, the num-
ber of lymph nodes removed was greater for the 
laparoscopic group (23.44 nodes vs 16.83 nodes) 
and margin status was equivalent. Operating 
time was significantly longer in the laparoscopic 
group (541 min vs 401 min). While the cohorts 
in this study were well matched, if major vascu-
lar resection was required open surgery was per-
formed adding some selection bias [8].

A subsequent study addressed this selection 
bias by comparing 31 laparoscopic and 58 open 
cases with equivalent vascular resections. As 
with prior studies, blood loss and length of hospi-
tal stay was shorter in the laparoscopic group. 
Oncologically, the laparoscopic patients had sig-
nificantly more lymph nodes harvested (20 nodes 
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vs 15.9 nodes) and more R0 resections (93.5% 
vs. 75.9%) [9].

Croom et  al. went on to look specifically  
at patients undergoing resection for PDAC  
and compared 108 laparoscopic pancreaticoduo-
denectomies for PDAC to 214 open cases. 
Importantly, these two groups were equivalent 
with regards to tumor size, T-stage, and tumor 
grade. When comparing the two approaches they 
found similar node resection rates, margin status, 
and post-operative complications. Notably, they 
showed the laparoscopic cohort required fewer 
blood transfusions (19% vs. 33%), had a shorter 
time to initiation of adjuvant therapy (48 days vs 
59  days), and there was a significantly higher 
proportion of patients in the open cohort (12%) 
who had a delay of over 90 days or who did not 
receive adjuvant chemotherapy at all compared 
to the laparoscopic cohort (5%). There was no 
overall survival difference between the two 
groups after a median follow up of 16 months but 
there was a significant improvement in progres-
sion free survival in the laparoscopic group [10]. 
This study clearly illustrates that in an experi-
enced center, laparoscopic pancreaticoduodenec-
tomy can be safely performed for PDAC with 
comparable oncologic resections. Laparoscopic 
resection may also improve outcomes by reduc-
ing transfusion burden and increasing successful 
delivery of adjuvant therapy, which may have 
long term implications in cancer outcomes.

21.4	 �Laparoscopic Total 
Pancreatectomy

While laparoscopic distal pancreatectomy and 
laparoscopic pancreaticoduodenectomy are 
reported widely in the literature, laparoscopic 
total pancreatectomy is rarely reported and 
mainly in small case series. There are indications 
that necessitate total pancreatectomy at the time 
of resection of precancerous or cancerous lesions, 
or in the setting of intractable chronic pancreati-
tis. Chapman et  al. reported a case report with 
accompanying video of spleen-preserving lapa-
roscopic total pancreatectomy for a main-duct 
IPMN in a patient with a diffusely dilated pancre-

atic duct and an associated mural nodule. This 
case report demonstrated this procedure could be 
completed efficiently (surgical time 270  min), 
with minimal blood loss (150 mL), and a hospital 
length of stay of only 7 days [11].

21.5	 �Robotic Pancreatic Surgery

Robotic pancreatic surgery is another area of 
growing interest that has not been studied yet in 
as much depth as laparoscopic pancreatic sur-
gery. The first robotic distal pancreatectomy  
was described in 2003 [12]. This was shortly 
thereafter followed by the first description  
of a robot-assisted pancreaticoduodenectomy in 
which laparoscopy was used for pancreatic resec-
tion and the robot was used to perform  
intracorporeal biliojejunal and gastrojejunal 
anastomoses [13]. Subsequent refinements of the 
robotic technique have resulted in complete 
robotic pancreaticoduodenectomies.

The largest series studying robotic distal pan-
createctomies and pancreaticoduodenectomies 
originate from the University of Pittsburgh. 
Shakir et al. reported a series of the first 100 lapa-
roscopic distal pancreatectomies performed from 
2008 to 2013 at the University of Pittsburgh. In 
this study they identified a learning curve of 40 
cases, after which the operative time (331–
210 min) and readmission rates (28% vs. 20%) 
were significantly reduced [14]. Boone et  al. 
from this same group reported a series of 200 
consecutive robotic pancreaticoduodenectomies 
from 2008 to 2014. In this study a significant 
learning curve was again reported with improve-
ments in blood loss and conversion to open sur-
gery after 20 cases (600 mL vs. 250 mL and 35% 
vs. 3.3%), reduction in incidence of pancreatic 
fistula after 40 cases (27.5% vs. 14.4%), and 
reduction in operative time after 80 cases 
(581  min vs. 417  min) [15]. In both of these 
series, they demonstrate that after optimization 
beyond the learning curve, robotic distal pancre-
atectomies and pancreaticoduodenectomies can 
be performed with longer operative times but 
with similar mortality and morbidity rates com-
pared to historical open standards.
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To more directly compare robotic vs. open pan-
creaticoduodenectomy, a multicentre study was 
recently completed comparing perioperative data 
for patient who underwent robotic (211 patients) 
vs. open (817 patients) pancreaticoduodenecto-
mies. The robotic procedures were performed at 
centers within the United States that perform a 
large number of these procedures annually, and 
only operations performed “postlearning curve” 
were analysed. The robotic procedure was found 
to have longer operative times by 75 min, reduced 
blood loss, and an overall reduction in major com-
plications [16]. However, hospital lengths of stay 
and readmission rates were equivalent. Future 
analysis of robotic pancreatic resection that criti-
cally appraises the cost-benefit analysis of the 
robotic platform, quality of life, and long term 
outcomes will be important in understanding the 
future role of robotics in pancreatic surgery.
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Laparoscopic Distal 
Pancreatectomy

Andrea Laurenzi, Daniel Pietrasz, Gabriella Pittau, 
and Antonio Sa Cunha

22.1	 �Introduction

Laparoscopic distal pancreatectomy (LDP) was 
firstly described by Gagner in 1996 [1]. 
Nevertheless 20 years have passed from the first 
resection, the rate of laparoscopic approach 
remains between 10–20% in national wide series 
[2–4]. Recently a Cochrane review has compared 
the open to the laparoscopic approach in the 
treatment of pancreatic cancer [5]. In such review 
there are no differences between the two groups 
in terms of post-operative mortality, morbidity, 
pancreatic fistula, resection margins and disease 
recurrence. The only statistically significant dif-
ference is the length of hospital stay, which is in 
favor of laparoscopic approach. Currently there 
is an ongoing randomized clinical trial compar-
ing the open versus laparoscopic distal pancre-
atectomy (Leopard NTR 5188).

LDP can be realized with or without sple-
nectomy, such difference mainly depends on 

surgical indication, malignant tumors in the 
first case while benign or borderline disease in 
the latter one.

In case of spleen preservation, the pancreatic 
resection can be performed either with splenic 
vessels conservation [6] or resection also known 
as the Warshaw’s technique (WT) [7].

The main issue of LDP is the lack of standard-
ization of the technique. Recently the French 
Association for Hepatobiliary Surgery and Liver 
Transplantation (ACHBT) has realized a review 
of the literature in order to recognize and stan-
dardize the different steps of LDP [8].

22.2	 �Patient’s Position 
and Trocars’ Placement

Patient is placed in supine position with the legs 
opened, the operator stands between the legs, while 
the first and second assistant on the left and right 
side of the patients respectively, the scrub nurse 
stands between the operator and the second assis-
tant just next to the right leg of the patient. During 
the operation the patient is placed in a reverse 
Trendelenburg position with the table that can be 
partially rotated on the right side to facilitate the 
dissection of the pancreas’ tail and the spleen.

Some papers from Asia propose a right lateral 
decubitus in order to perform a retrograde 
dissection; however such position is not utilized 
in our daily practice.
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We normally use four trocars as showed in 
Fig.  22.1. The pneumoperitoneum is realized 
with the open laparoscopy technique 3  cm 
above the umbilicus and a 10–12 mm is inserted 
at this site with a 12-mmHg pressure. This port 
is used for the optical device insertion which is 
a 30-degree high definition camera. Two others 
10–12  mm trocars are placed on the left and 
right mid-clavicular line respectively 1–2  cm 
cranial to the camera trocar close to the costal 
margin. Finally, a 5 mm epigastric port is placed 
under the xiphoid process. Accessorily another 
5 mm trocar can be inserted in the left flank to 
facilitate the exposure. Currently, we use the 
AirSeal System (Conmed, Utica, NY, USA) to 
establish the pneumoperitoneum, such device 
allows a better surgical view since it removes 
the fog produced during dissection without 
reducing the inflation level.

22.3	 �Surgical Dissection

We will now describe the technique used for the 
spleno-pancreatectomy for ductal adenocarci-
noma of the pancreas, while surgical variations 
such as spleen preservation will be discussed in 
another paragraph.

The procedure begins with a complete explora-
tion of the abdominal cavity in order to exclude 
any possible contraindication such as liver metas-
tasis, carcinosis and adjacent organs invasion. 
Once the surgical indication is confirmed, the 
operation is started by opening the gastro-colic 
ligament using an energy based device; during this 
maneuver a forceps is placed in the 5  mm sub-
xyphoid trocar in order to pull up the stomach 
while the surgeon’s left hand lowers the transverse 
colon. Gastroepiploic vessels should be manipu-
lated with care in order to avoid injuries.

Port site

Tape site

5 mm

10 mm10 mm

Fig. 22.1  Trocars’ and 
tapes’s position
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Fig. 22.2  Pancreas 
exposure after tape 
retraction

Once the lesser sac is entered, we partially 
open the hepato-duodenal ligament in order to 
place two tapes around the stomach. The two tips 
of the tapes are pulled outside of the abdomen 
and secured with two forceps in the two subcostal 
regions (Fig.  22.1). Such technique allows 
retracting the stomach toward the anterior 
abdominal wall in a stable way, in order to better 
visualize the pancreas and free one of the assis-
tant’s hand (Fig.  22.2). At this time an intra-
operative ultrasonography of the pancreas can be 
realized, if needed, to detect small lesions.

The dissection of the pancreas is then realized 
in an anterograde fashion; such approach reduces 
the tumor manipulation and allows an easier con-
trol of splenic vessels.

The first-step is a smooth dissection of the isth-
mic region in order to create a retro-pancreatic 
window. The neck is dissected with bipolar for-
ceps, an energy based device and scissors. Once 
the superior mesenteric vein is identified the dis-
section is carried on following its anterior wall, 
once the window is created the dissection is contin-
ued on the superior border of the pancreas in order 
to identify the common hepatic artery (CHA). 
After having isolated the CHA a dissector is passed 
in the window behind the pancreas and a 5 cm tape 
is put around the neck. This tape allows a slight 
retraction of the pancreas in the caudal direction 
which facilitates the dissection of the superior bor-
der. The dissection is carried on from the right to 
the left in order to follow the CHA toward the 

celiac axis. Once the origin of the splenic artery is 
identified and dissected another 5 cm tape is passed 
around the vessel’s wall to facilitate artery control 
before ligation. We normally use two or more 
10 mm Hem-O-Lock (Teleflex, Athlone, Ireland) 
clips to control the artery 1–2 cm from its origin. 
The artery is then cut between clips.

The next step is the parenchymal section. 
After having pulled up the tape around the pan-
creas neck the stapler is inserted through one of 
the 10–12 mm trocars according to the best axis. 
The parenchymal section at the isthmic region 
has been shown to reduce the incidence of post-
operative pancreatic fistula since the pancreas 
thickness is reduced if compared to the body or 
the tail (ref BJN).

The transection is usually achieved by using 
an Endo-GIA linear stapler (Medtronic Covidien, 
Minneapolis, MN, USA) with a medium/tick 
45/60  mm recharge. This technique allows a 
faster and bloodless control of the two pancreatic 
stumps. The pancreas can be also divided using 
an energy based device and the Wirsung duct can 
be then sutured separately.

Once the parenchymal transection is realized, 
the splenic vein control is easier. After having 
dissected the origin of the splenic vein the vessel 
can be controlled either with clips or stapler, 
great attention must be taken in order to section 
the vein 1–2 cm far from the spleno-mesenteric 
confluence in order to avoid subsequent portal/
superior mesenteric vein stenosis. In case of  
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previous pancreatitis or obese patients, the con-
trol of pancreas and splenic vein separately is not 
always feasible. In such situation, the stapler sec-
tion can include the parenchyma and the vein at 
the same time, however such approach is not uti-
lized in our daily practice.

We recommend to routinely start from artery 
control, since an interruption of the vein before 
the artery can lead to an intra-operative develop-
ment of portal hypertension that can increase 
bleeding and reduce the view on the surgical 
field.

The last step is the complete mobilization of 
the pancreas and the spleen. This dissection has 
two main objectives: (1) to complete the lymph-
node dissection and (2) to achieve a wider poste-
rior margin for oncological reasons. Such rules 
allow performing the radical antegrade modular 
pancreatosplenectomy (RAMPS) as proposed by 
Strasberg [9] (Fig. 22.3).

The dissection plane is carried on starting 
from the left side of superior mesenteric artery 
toward the spleen. The posterior and inferior 
limit of the dissection are the left renal vein and 
the transverse mesocolon, the Gerota’s fascia 
must be resected together with the surgical 
specimen. The left adrenal gland can be resected 
or not according to its involvement with the 
tumor. The superior plane goes from the splenic 
artery stump until the gastro-splenic ligament 
with the division of all short gastric vessels. 
The resection ends up with the total liberation 

of the spleen with the lieno-phrenic ligament 
section.

Once the dissection is completed, a 15  cm 
endobag is inserted and the specimen is 
extracted through a Pfannestiel incision or 
enlarging the incision of the left mid-axillary 
line trocar.

The camera is then reinserted in order to ver-
ify the hemostasis and to place a suction drain 
next to the pancreatic stump.

Once the intervention is ended the surgical 
specimen is marked with paint in order to allow 
the pathologist a better understanding of the mar-
gins (Fig. 22.4).

22.4	 �Spleen Preservation

As mentioned above in case of benign or border-
line tumors the spleen can be preserved. In such 
cases there are two main differences if compared 
to the above described splenopancreatectomy: 
(1) the site of parenchymal transection and (2) 
splenic vessel control.

The site of pancreas transection can be 
moved away from the pancreatic neck (i.e. 
pancreatic tail IPMN), the exact site of section 
can be decided either on the pre-operative 
imaging or with intra-operative ultrasounds.  
In such situation the parenchymal division is 
realized in the same fashion as previously 
described.

Fig. 22.3  Surgical field 
at the end of operation
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For what it concerns the splenic vessels man-
agement the artery and vein can be either resected 
with the specimen WT or preserved (Fig. 22.5).

In a recent meta-analysis comparing the two 
operations, there were no differences in terms of 
post-operative complications and incidence of 
pancreatic fistula between the two groups, how-
ever patients undergoing laparoscopic WT had 
statistically significant reduced blood loss but 
presented an increased rate of gastric varices and 
splenic infarction (Video 22.1).

In case of WT the artery is proximally con-
trolled as mentioned before, the pancreas is then 
freed on is lower edge from the transverse meso-
colon with an energy based device. The tail of the 

pancreas must be completely freed from the 
splenic hilum and the short gastric vessels must 
be identified at their origin. Such maneuver can 
be difficult and hemorrhagic if the tail is long. 
The artery is then sectioned before the origin of 
the first short gastric vessel. Once the arterial 
inflow is controlled the vein is sectioned proxi-
mally and distally and the specimen is freed from 
the surrounding tissue (Fig. 22.5a).

In case of splenic vessels preservation, the 
dissection must be carried on from the right to 
the left and the small arterial and venous 
branches going to the pancreas must be selec-
tively controlled either with clips or coagulation 
(Fig. 22.5b).

a b

Fig. 22.4  (a) Surgical specimen is inked on the posterior margin (yellow) and on the transection line (blue); (b) the 
specimen is fixed on a hard surface in order to allow a better understanding of orientation

a b

Fig. 22.5  Spleen preserving techniques: (a) Splenic vessels preservation; (b) Warshaw’s technique with splenic vessels 
resection
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Hybrid Laparoscopic 
Duodenopancreatectomy

Ulrich Wellner, Kim Honselmann, and Tobias Keck

23.1	 �Introduction

Laparoscopic pancreatoduodenectomy is cur-
rently limited to a few tertiary centers world-
wide. The slow distribution of this technique 
since its first description by Gagner and Pomp 
(Gagner 1994) more than twenty years ago is 
due to numerous reasons: (1) In contrast to lapa-
roscopic distal pancreatectomy, the laparoscopic 
pancreatic head resection is characterized by a 
complex reconstruction involving the pancreatic 
anastomosis as well as the biliojejunal anasto-
mosis. (2) The technical prerequisites for dis-
sectors and instrumentation have only been 
developed during the past few years. (3) The 
combination of laparoscopic proficiency with 
profound expertise in pancreatic surgery has 
only just emerged in this new generation of sur-
geons. In summary, there has been a very 
dynamic development of the laparoscopic pan-
creatic head resection during the past few years. 
There have been published series with over 50 
patients demonstrating the feasibility and safety 

of this technique in specialized centers. In 
highly specialized teams this technique is even 
advanced towards more complex surgeries 
including portal vein resection as well as laparo-
scopic portal vein reconstruction [1]. The rapid 
development of this field can be noted when 
highlighting the number of cases published 
between January 2012 and June 2013, which 
exceed the numbers of the 15 years prior [2].

In general, different techniques are differenti-
ated by the nomenclature of the procedures: 
laparoscopic pancreatoduodenectomy with lapa-
roscopic reconstruction, laparoscopic pancreato-
duodenectomy with open reconstruction (Hybrid 
operation), hand-assisted laparoscopic pancre-
atoduodenectomy and telemetric -or robotic 
assisted pancreatoduodenectomy. We will be 
focusing on the first two techniques in this chap-
ter. Of note, the results described in the follow-
ing have been acquired in a few expert centers 
and are currently not recommended for common 
applicability.

23.2	 �Indication

Indications for minimal-invasive pancreatoduo-
denectomy are

–– Cystic tumors
–– Neuroendocrine tumors
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The oncologic pancreatoduodenectomy is per-
formed in

–– Cystic tumors with malignant potential
–– Neuroendocrine tumors with malignant 

potential
–– Small malignant tumors

[3]. There have been studies describing expe-
riences with complex operations with 
mesoenterico-portal vein reconstruction. The 
percentage of malignant tumors in these series 
represent up to 50% [2].

23.3	 �Specific Diagnostics

The computertomography with contrast 
(Angio-CT) is the gold standard diagnostic 
tool before surgical intervention of the pan-
creas. The MRI plus MRCP can give, espe-
cially in cystic lesions of the pancreas, 
additional information such as communication 
to the main duct or differentiation of serous or 
mucinous neoplasm. One of the most impor-
tant details that must be obtained from imaging 
is the relationship to the mesenterico-portal 
axis, because an inflammatory contact or an 
invasive nature of the tumor into the mesen-
terico-portal vasculature often leads to conver-
sion [4]. Detailed preoperative imaging can 
therefore assist with patient selection in order 
to reduce the conversion rate, especially in the 
beginning of the learning curve.

23.4	 �Consent

The current guidelines do not recommend the use 
of laparoscopic pancreatic head resection. 
Because lawsuits following complications from 
this procedure may result, extended consent must 
be obtained. Conversions are common even in 
large series and are reported to be around 15% [5, 
6]. New studies from the American College of 
Surgeons National Surgical Quality Improvement 

Program demonstrate, that there is a highly rele-
vant correlation between the number of laparo-
scopic pancreatic procedures in each center and 
their results. Centers with low expertise in pan-
creatic surgery in general had a highly significant 
increase in surgical mortality. So especially in 
low volume centers, this procedure can only be 
performed with a very detailed and extensive 
consent and cannot be recommended based on 
current knowledge [7]. The possible necessity to 
convert to an open procedure as well as injuries 
to the mesenterico-portal vasculature, the vessels 
of the celiac trunc and the mesenteric superior 
artery should be discussed. A common complica-
tion after open, but also laparoscopic pancreatic 
head resection is the pancreatic fistula (up to 20% 
in randomized control studies [8]). So far there is 
no evidence for a lower incidence of pancreatic 
fistulas in laparoscopic pancreatic head resec-
tions. Advantages are less hernias, shorter hospi-
tal and intensive care unit stays, less pain and less 
blood loss. Oncological advantages can be drawn 
from the conclusion that more patients are able to 
receive their adjuvant therapy faster [1]. Though, 
studies on this topic are not sufficient to draw real 
conclusions. General surgical complications 
result from the procedure itself and are described 
in commercially available consent forms. 
Complications include injuries to adjacent 
organs, acute hemorrhage, pancreatic fistulas, 
delayed hemorrhage (pseudoaneurysm), anasto-
motic leaks of the pancreatic-, the biliary- and the 
jejunal anastomoses.

23.5	 �Positioning

The patient is placed supine in a mildly reversed 
trendelenburg position with legs in abduction 
(modified beach chair position or French posi-
tion). Both arms are tucked in order to avoid arm 
plexus lesions, the right arm can possibly be posi-
tioned out for better accessibility for the 
anesthesiologist.

Positioning aids are a footboard to lengthen 
the operating table, leg holders for variability 
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of leg abduction, a detachable headrest, lateral 
retractors (especially on the right side of the 
patient), safety belt above both thighs. Also, 
the stabilizing positioning on a short vacuum 
mattress at the torso has been proven to be 
practical.

The safety belt is positioned above both 
upper thighs for fixation. Legs are abducted and 
are secured by elastic straps to the leg holders. 
The safety technology is of great importance, 
because in order to dissect the pancreatic tail to 
the left, the patient needs to be tilted far towards 
his right hand side. The neutral electrode is 
placed laterally on the left or right upper thigh. 
Possibly, the use of intermittent pneumatic com-
pression can be considered for long procedures 
or risk patients.

The monitor is placed above the left shoulder 
of the patient, the surgeon stand on the right side, 
the (1) Assistant (camera) stands between the 
legs, the (2) assistant stands on the left side, if 
needed. The surgical nurse stands on the left leg 
of the patient (Fig. 23.1).

23.6	 �Technical Prerequisites

The following technical prerequisites should be 
present:

–– Positioning table with the option of gravity 
displacement and leg abduction in order to 
establish the modified beach chair position or 
the French position.

–– Dissection devices with bipolar coagulation 
(for example Ligasure Dolphin Tip, Fa. 
Covidien, Boulder, CO, USA), ultrasonic dis-
section device (for example Ultracision, Fa. 
J&J Ethicon, Cornelia, GA, USA) or combi-
nation devices (z.B.  Thunderbeat, Olympus 
Tokyo Japan). Thermal effects on vessels 
(celiac trunk, superior mesenteric artery and 
the mesentericoportal vein axis (MPV)) and 
delicate dissection options should be consid-
ered when choosing a product.

–– Regular instrumentation for laparoscopy, as 
well as laparoscopic bulldog vessel clamps 
(Aesculap), Goldfinger (OB Tech), bipolar 

Operator

1. Assistant

2. Assistant

Monitor

OTA

Fig. 23.1  Patient 
positioning in beach 
chair position. The 
surgeon is on the right 
hand side, the 1st 
assistant leading the 
camera between the 
patient’s legs. The 
patient is half sitting, 
turned with raised trunk 
and slightly to the right
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laparoscopic scissors and overholt (Aesculap), 
Endo Paddle Retract (Covidien), titan clips.

–– Readily available operating instrumentation 
equipment for an open procedure in case of 
quick conversion for hemorrhage.

23.7	 �Thoughts on the Choice 
of Type of Procedure

23.7.1	 �Laparoscopic Resection 
and Open Reconstruction 
(Hybrid Operation)

There are multiple advantages pertaining to this 
procedure: (1) When combining the reconstruc-
tion via a retrieval incision in the upper abdomen 
with the laparoscopic resection, both the safe pro-
cedure of reconstruction and the good visibility 
of laparoscopy can be united in one procedure.  
(2) The incision for the reconstruction is not much 
bigger than the retrieval incision that is described 
in published series. (3) The learning curve for the 
complex and important reconstruction is avoided. 
(4) The combination of laparoscopic resection 
with open reconstruction has been used in other 
procedures (lap.- assist. right hemicolectomy, lap. 
assist. sigma resection). When the three types of 
procedures explained above (total laparoscopic, 
hybrid and robot- assisted) are analyzed, mortality 
and morbidity rates are comparable. In some 
series, laparoscopic assisted procedures showed 
the same advantages that are given for full laparo-
scopic procedures. And this was already present in 
the beginning of the learning curve and they some-
times even demonstrated shorter operating times 
and fewer complications. In most centers this pro-
cedure is seen as a ‘Bridging’ procedure for the 
full laparoscopic procedure.

23.7.2	 �Laparoscopic Resection 
and Open Reconstruction

Within this topic, most published series describe 
the laparoscopic resection with open reconstruc-
tion (see Table  3  in [2]). As it is common in 
open techniques, the pancreatojejunostomy as 
well as the pancreaticojejunostomy are used 

more often than the pancreatogastrostomy. The 
pancreatogastrostomy presents a simple and fast 
anastomosis, that especially in the laparoscopic 
setting can be simplified and therefore be advan-
tageous. A randomized comparison between 
pancreatogastrostomy and pancreaticojejunos-
tomy (RECOPANC) has meanwhile proven the 
safety of this reconstruction technique [8]. 
Biliary reconstruction can often be more diffi-
cult in the minimal invasive technique than the 
pancreatic anastomosis, because the angle for 
reconstruction is unfavorable via the ports 
placed for the resection. Cumulative studies of 
single series [9] demonstrate, that the average 
operating time of 422 min (7 h) for the prese-
lected patients is still above the time for open 
procedures in centers with high pancreatic 
expertise. Morbidity (18–64%) and mortality 
(0–8%) are found within those of open proce-
dures. This must be considered when looking at 
registry studies where a much higher mortality 
and morbidity is stated [10]. Single series might 
only publish the experience of experts and sur-
geons after the learning curve (Publication bias). 
In robotic reconstruction the advantages of 
angulation of the instruments are possibly lev-
eled by the lack of haptic feedback in pancreatic 
surgery [9]. Long and shallow learning curves 
are often quoted as disadvantages of the laparo-
scopic pancreatic head resection. The usage of 
hybrid techniques has successfully been able to 
safely implement a laparoscopic pancreatic pro-
gram [11]. Detailed studies of laparoscopic pan-
creatic surgery are suggesting 50 operations in 
order to be able to reach the advantages pertain-
ing to OR time and reduced blood loss, where 
the ten first cases are the most relevant obstacles 
in implementing a program [11]. A cumulative 
sum analysis and a risk adjusted cumulative sum 
analysis is confirming these results [12].

For the dissection of small and multiple 
branches from the splenic vein and artery to the 
pancreas, dissection devices or metallic clips are 
technically suitable. In our experience, bipolar 
dissection devices are especially well suited. A 
critical point that diverges from the open 
technique is the transection of the pancreatic 
parenchyma on the mesenterico-portal axis. 
While the transection of the pancreatic neck in 

U. Wellner et al.



245

the open procedure is usually done with a scalpel 
and bleeding is avoided by putting holding 
sutures on the pancreatic arterial arcade, this 
technique cannot be advised in the laparoscopic 
setting due to high risk of hemorrhage. This is 
why the transection is usually performed using 
energy devices (often ultrasonic scissors) or sta-
plers with reopening the pancreatic duct after-
wards. Using ultrasonic scissors include the risk 
of thermic injuries to the organ [13, 14].

Practical tip
The transection of the pancreatic neck is espe-

cially challenging in the laparoscopic pancre-
atic head resection. Here staplers or ultrasonic 
dissection devices can be used.

Practical tip
In case of stapler use the pancreatic duct needs be 

reopened before anastomosis.

Practical tip
Transection with ultrasonic devices poses the risk 

of thermal injury to the pancreas and pancre-
atitis of the remnant.

23.8	 �Surgical Technique—How 
I Do It

23.8.1	 �Port Placement and Access 
to the Omental Bursa

During a laparoscopic pancreatoduodenectomy 
there are usually four working trocars and one 
camera trocar necessary (Fig. 23.2.). The camera 
trocar is placed 3 cm below the navel in the mid-
line, the working ports are placed in the right upper 
abdomen, the left middle and lower abdomen in a 
semilunar line around the location of interest. The 
5 mm ports on the right are placed a little bit more 
lateral than for a distal pancreatectomy in order to 
facilitate a full Kocher maneuver.

Practical tip
Extreme positioning is necessary for gravity 

displacement in laparoscopic pancreatic sur-

gery. Lateral boards on the right hand side 
enable extreme positioning for the access to 
the pancreatic tail and allow for intraabdom-
inal displacement of organs (colon and 
omentum).

Practical tip
The passive pulling of the omentum caudally by 

reverse Trendelenburg positioning can facili-
tate the transection of the omentum close to 
the gastroepiploic arcade instead of directly at 
the colon.

After abdominal exploration, the omental 
bursa is opened while conserving the gastroepi-
ploic arcade. The omental bursa is entered close 
to the gastroepiploic arcade because then the 
major omentum can pull down the transverse 
colon by reverse Trendelenburg positioning.

The second assistant mostly has a static role. 
He or she stands on the left hand side of the 
patient and lifts up the stomach towards the 
abdominal wall with an atraumatic grasper.

10 mm

10 mm

10 mm 10 mm

10 mm

5 cm

10
mm

Fig. 23.2  Port placement for the laparoscopic pancreatic 
head resection in a five-trocar technique. The camera port 
must be introduced subumbilical or in the area of the right 
middle abdomen. The remaining trocars are placed in a 
semilunar line around the area of interest. The arms of the 
patient are tucked on both sides
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23.8.2	 �Exploration and Laparoscopic 
Ultrasound

For small tumors, intraoperative ultrasound can be 
very helpful for localizing the tumor. Especially the 
relation to the mesenterico-portal axis and to the 
celiac trunk/superior mesenteric artery is crucial.

Practical tip
Sonographic information about the relation of 

the tumor to the mesenterico-portal axis can 
simplify further dissection and reduce the 
risk of vein injury.

In the following the right colic flexure is mobi-
lized and the Kocher maneuver is performed, which 
in the laparoscopic setting is done past the inferior 
vena cava up to the origin of the superior mesen-
teric artery (mesenteric artery first Approach).

23.8.3	 �Mobilization of the Pancreas 
and Exposure of the Vessels 
(Fig. 23.3)

The exposure of the vessel starts from a caudal 
position. Structures of the gastrocolic trunk of 
Henle, especially the right gastroepiploic vein, 
serve as guiding structures. This vessel is ligated 
directly at the superior mesenteric vein (SMV), 
whereby a titan clip has proven its value. In big-
ger tumors dissection is performed closer to the 
duodenal knee by the mesenteric root. This dis-
section step (with circular exposure of the SMV) 
is quite demanding overall. After the circular 
exposure of the SMV, the dissection is carried on 
a few more centimeters along the lower pancre-
atic edge towards the pancreatic tail.

The right gastroepiploic artery is visualized 
and divided at the pancreatic head, the pylorus is 

a d

e
b

c

Fig. 23.3  Preparation and of the mesentericoportal axis 
and dissection of the pancreas. (a) Preparation of the infe-
rior mesenteric vein on the lower border of the pancreas. 
(b) Preparation of the portal vein on the upper border of 

the pancreas. (c) Tunneling of the vein (d) Control of the 
tumor growth by endoscopic ultrasound. (e) Dissection of 
the pancreas on the mesentericoportal axis
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dissected free in a circular fashion and the duode-
num is transected via an endostapler 1 cm post 
pylorus, then the stomach is pushed into the left 
upper abdomen.

The hepatoduodenal ligament is visualized. 
Total lymphadenectomy is completed; visualiza-
tion of the common, proper, right and left hepatic 
artery as well as the gastroduodenal artery (GDA) 
is completed. Before division of the bile duct, 
absence of a replaced or an additional right hepatic 
artery tangential to the bile duct has to be vali-
dated. Also, either antegrade or retrograde gall-
bladder dissection from the liver bed is achieved 
before bile duct division and while the gallbladder 
remains attached to the pancreatic side of the 
divided bile duct. After bile duct division, view on 
the GDA is facilitated for clipping it with PDS 
Clips. Lymphadenectomy is now completed at the 

upper pancreatic edge around the celiac trunk, the 
left gastric artery as well as circular exposure of 
the portal vein. From cranial and caudally the dis-
section levels at the pancreas will be combined and 
the organ will be undermined at the height of the 
mesenterico-portal axis.

23.8.4	 �Division of the Pancreas 
at the Neck and Dissection 
of the Mesopancreas 
Along the Superior 
Mesenteric Artery (Fig. 23.4)

After tunneling the pancreas at the mesenteric-
portal axis, the parenchyma is divided at the 
pancreatic neck. The different techniques for 
this step are explained in 22.7.2. We prefer a 

a d

e

b

c

Fig. 23.4  Laparoscopic dissection of the mesenterico-
portal axis. (a) Preparation of the uncinate process along 
the superior mesenteric artery. (b) Preparation remaining 
pancreatic tail in preparation of pancreatogastrostomy. 

(c) Situs after removal of the pancreatic head. (d) Cosmetic 
result after pancreastic head resection and hybrid/open 
reconstruction. (e) Cosmetic result after fully laparo-
scopic pancreatic head resection

23  Hybrid Laparoscopic Duodenopancreatectomy



248

linear endostapler with an articulation joint to 
reach good homeostasis. Before transection an 
ultrasound to judge localization of the tumor 
and distance to the transection margin is 
recommended.

Then the stapler row in the range of the pan-
creatic duct is selectively removed. Alternatively, 
the parenchyma can be divided stepwise with an 
ultrasonic dissector, but the main duct has to be 
identified and preserved. After organ division, the 
pancreas is mobilized leftward along the splenic 
vein over 3 cm in order to prepare the later step of 
the pancreatogastrostomy. Regularly, there are 
two small arterial branches coming off the supe-
rior mesenteric artery and splenic artery at the 
lower edge of the pancreas that have to be clipped 
via titan clips. In the next step the first jejunal 
loop is visualized underneath the mesocolon. For 
this, the second assistant raises the colon with an 
Endo-retractor (z.B.  Endo Paddle Retract, 
Covidien Medtronic®). Further dissection is 
achieved towards the mesenteric root up to the 
fusion of the prior dissection plane from the 
Kocher maneuver. The jejunum is transected 
inframesocolic using a linear stapler and is placed 
into the right upper abdomen. Now the mesopan-
creas is transected stepwise along the first venous 
jejunal branches and later the superior mesenteric 
artery towards the head. To facilitate this process, 
the first assistant pushes the SMV with a 5 mm 
swab cranially and left laterally. The single 
branches of the SMA (inferior and superior pan-
creaticoduodenal artery) are secured with tita-
nium clips and the dissection plane is again 
reconnected to the prior plane of the mesenteric 
artery first approach Kocher maneuver. Small 
venous branches from the pancreas into the 
mesenterico-portal axis are transected with an 
Energy Device.

Finally, the entire pancreatic head is mobi-
lized. An endobag is introduced either via a 
Pfannenstiel incision or via a small epigastric 
median laparotomy and the specimen is removed 
from the abdomen. The epigastric median lapa-
rotomy can be used for the anastomoses (Hybrid 
Operation). A wound retractor (e.g. Alexis O 
Wound Retractor Applied®) can aid to keep the 
wound open.

23.8.5	 �Reconstruction 
and Anastomoses

23.8.5.1	 �Reconstruction Via Retrieval 
Incision (Hybrid Operation)

Especially in the initial phase of the learning 
curve, the reconstruction via the retrieval incision 
is a good method to reduce the risk of laparo-
scopic reconstruction as it has been shown in a 
few published reports. After the introduction of 
the wound retractor and the retractor system, the 
reconstruction is done typically via the retrieval 
incision. In our experience, a median epigastric 
laparotomy of about eight centimeter is suffi-
cient. The retractor system conveys a pulling 
force into the right upper abdomen. The jejunal 
loop that has been pulled up retrocolically serves 
for the hepaticojejunostomy as an end-to-side 
anastomosis in single layer technique with 5-0 or 
6-0 PDS C1. In our institution the pancreatic 
anastomosis is regularly done as a pancreatogas-
trostomy. Because the horizontal anastomosis as 
it is present in pancreato-or pancreaticojejuns-
tomy is very challenging via this limited access. 
The pancreatogastrostomy is done as an invagi-
nated anastomosis with a small dorsal gastros-
tomy and a larger ventral gastrostomy. A 
purse-string suture with 2-0 PDS SH will present 
the outer suture layer. The inner anastomosis is 
performed in single layer technique with 4-0 
PDS SH in a circular manner. Also the duodeno-
jejunostomy is made via the retrieval incision as 
an end-to-side anastomosis in a running fashion 
with 4-0 PDS. Easy-flow drains are placed via the 
trocar in the left and right lower abdomen to the 
pancreas and the biliary anastomosis. The fascia 
is closed with a running suture, subcutaneous 
sutures and intracutaneous sutures follow.

23.8.5.2	 �Laparoscopic Reconstruction 
(Pancreatogastrostomy, 
Hepatobiliary Anastomosis 
and Duodenojejunostomy)

Pancreatogastrostomy: In laparoscopic pancrea-
togastrostomy the incision is only made on the 
back wall of the stomach over a length of 2–3 cm. 
Two V-Loc® sutures (2-0) are placed at 6 and 12 
o’clock around the dorsal incision of the stomach 
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for later used purse-string sutures. The pancreatic 
invagination is achieved through two holding 
sutures at the lateral pancreas. These are marked 
with PDS Clips, which mark the height at which 
the stomach needs to be invaginated (usually 
around 2 cm). After invagination, the purse-string 
sutures are tightened and the pancreas is fixed 
into the stomach. Because randomized studies 
have shown more frequent hemorrhage from the 
transection site of the pancreas after open pan-
creatogastrostomies [8, 15], we close the pan-
creas with a stapler and only reopen the suture 
line in the area of the pancreatic duct. This must 
be done safely and the duct needs to be exposed. 
If unsure, intraoperative upper endoscopy can be 
of assistance.

Hepaticojejunal anastomosis: This anasto-
mosis is the more difficult of the laparoscopic 
reconstruction anastomoses. Because the angle 
for this operation step is awkward, the surgeon 
moves in between the legs of the patient. The 
anastomosis is separated into two running 
sutures each running on one half of the circum-
ference of the bile duct from 6 until 12 o’clock. 
This technique, where the sidewalls are sutured 
separately instead of the front and back wall 
has been a standard technique in laparoscopic 
surgery for better visibility. In case of a thick 
walled biliary duct, for example after preoper-
ative stenting, the anastomosis can be done in a 
running fashion with self-holding sutures 
(Stratafix® 5-0 or V-Loc® 4-0 or Silk 5-0). For 
a thin biliary duct the suture is performed with 
a 5-0 or 6-0 PDS or Vicryl suture. PDS sutures 
are generally not suitable for a laparoscopic 
approach because the sutures can break when 
grabbed by the instruments.

Duodenojejunostomy: for this anastomosis, 
first an additional running suture fixes the stapler 
rows of the stomach and jejunum. Furthermore, 
the stapler rows are opened and the second row of 
the back wall suture as well as the front wall 
suture is performed as a running suture with 4-0 
Vicryl. The drains of the anastomoses are placed 
as described above. The removal of the ports is 
done under visualization in order to detect hem-
orrhage from the abdominal wall. Trocar sites are 
closed by suture.

23.9	 �Distinct Intraoperative 
Complications and Their 
Management

Relevant intraoperative hemorrhage is often 
complicating a laparoscopic pancreatoduodenec-
tomy. At the beginning of the surgery, the 
mesenterico-portal axis below the pancreas 
should be visualized to prepare for possible 
bleeding complications. Orientation is given by 
dissecting along the larger veins. Should a hem-
orrhage from the vein occur, bulldog clamps 
could be placed here laparoscopically. Portal vein 
hemorrhage appears less severe as during the 
open procedure because of the increased intra-
abdominal pressure. Initially intra-abdominal 
pressure should be elevated (about 16 mm Hg). 
This helps with better visibility. Uncontrolled 
coagulation should be refrained from. Primary 
compression with a 10 mm pin should be accom-
plished first to get a clear view on the situation. A 
primary suture is rarely necessary.

Cave!
For venous hemorrhage, irrigation is more useful 

than suctioning for a better view. Suction 
reduces the intra-abdominal pressure and 
results in more bleeding.

As mentioned above, problems can occur when 
transecting the pancreas with a stapler. When 
bleeding occurs as the pancreas is divided, bipolar 
coagulation can be done carefully along the stapler 
suture line. Often the bleeding stops by applying 
pressure with a sterile compress. Thermal damage 
to the arteries can also present a danger near vas-
cular preparation. We typically use titanium clips 
for clipping branches from the superior mesenteric 
artery to the pancreatic head or to the pancreatic 
body. A conversion is usually necessary when the 
arterial injury is more complex.

23.10	 �Evidence Based Evaluation

There are currently no prospective randomized 
trials comparing laparoscopic pancreatic head 
resections to open pancreatic head resections. In 

23  Hybrid Laparoscopic Duodenopancreatectomy
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a systematic review of Boggi and co-authors [2] 
about 25 articles with 746 laparoscopic pancre-
atic head resection were evaluated. The majority 
of patients were operated completely laparoscop-
ically (51.7%), followed by the robotically 
assisted pancreatic head resection (31.3%) and 
laparoscopically assisted surgery (Hybrid, 
16.2%). For the operation generally 5–7 ports 
were used, where the camera was usually placed 
infraumbilically. In the above addressed issue of 
the transection of pancreas parenchyma, an ultra-
sonic dissector was used in most cases (55.9%). 
There was also disagreement regarding the 
extraction of the specimen after resection: here 
sub-umbilical, supra-pubic, supra-umbilical or 
subxyphoidal access is used. The most common 
anastomoses used in the literature were the 
Pancreato—or Pancreaticojejunostomy (84%) 
followed by Pancreatogastrostomy (9.8%), or the 
sole occlusion of the pancreatic duct (6.8%). The 
average operation time was over 7.5  h (338–
710 min) and was significantly longer than for an 
open approach in most publications. The average 
hospital stay after surgery was dependent on the 
country in which the operation takes place 
(21.9  days Europe, 13.0  days Asia, 9.4  days 
United States) with a pancreatic fistula rate of an 
average of 22.3%. Taking this data into account 
safety benefits described above can currently not 
be assessed. Advantages of this procedure have 
been described regarding a reduction of blood 
loss and the time spent on the ICU. Even if cur-
rent data from specialized centers show a very 
low mortality and similar morbidity rate, the 
learning curve and the need of sufficient caseload 
in the pancreatic center and of the surgeon must 
be noted. In a study by Adam et al. [7] 983 mini-
mally invasive pancreatic resections showed that 
the mortality was increased with an odds ratio of 
1.87 in the minimally invasive group. It is note-
worthy that in this register study 92% of the par-
ticipating hospitals performed less than 10 
pancreatic resections in 2 years. Sharpe et al. [16] 
however, showed in a registry comparison of 
4037 open against 284 laparoscopic pancreatic 
head resection, that this difference is not visible if 
the center performs more than 10 procedures per 

year. On the contrary, this study demonstrated 
shorter hospital stay (10 +/−8 vs. 12 +/−9.7 days, 
p < 0.0001) and less unplanned readmission (5% 
versus 9%; p = 0.027). In many centers as well as 
in our own experience about 30–40% of patients 
are operated laparoscopically producing a quo-
rum of 40–50 pancreatic head resection in a cen-
ter necessary to represent the learning curve. Kim 
et al. [17] indicated in a study, where the learning 
curve of 100 laparoscopic pancreatic head resec-
tions was analyzed, that improvement regarding 
the OR time, complications and length of stay 
still develop in between the middle and the last 
third of procedures. This makes the postulated 
learning curve of about 50 laparoscopic Whipple 
surgeries published in other publications likely 
(Table 23.1). In addition to patient-specific peri-
operative advantages arising from a laparoscopic 
pancreatic head resection, oncological aspects 
that are substantially more relevant should be 
considered. As most published series currently 
reflect strongly selected experiences, the periop-
eratively collected surrogate parameters of 
oncological radicality (R0 rate or LN rate) are 
only limited to answer this question. Interesting 
experiences from a highly specialized center for 
minimally invasive oncological pancreatic head 
resection come from the Mayo Clinic: a mono-
center matched pair analysis of open against lap-
aroscopic pancreatic head resection showed a 
longer progression-free survival in the laparo-
scopic group (Fig. 23.5).

At the same time a significantly lower rate of 
local recurrence was found there. In the experience 
of the Mayo clinic significantly more patients 

Table 23.1  Learning curve of laparoscopic pancreatic 
head resection, adapted from Kim et al. [17]

1. Third 3. Third

100 Operations

OR time 9.8 h 6.6 h

Complications 33% 17%

Hospital length 20.4d 11.5d

 � Malignant 7%

 � R0 100%

 � LN 13 (median)

U. Wellner et al.
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received adjuvant therapy in less time after laparo-
scopic pancreatic head resection.

Single series and expert results: No difference 
in overall survival but better progression-free sur-
vival after laparoscopic resection of the pancre-
atic head versus open pancreatic head resection 
(after Croome et al. [1]).

So far this is a summary of the limited evidence 
for laparoscopic pancreatic head resection:

•	 Patient selection still necessary
•	 Feasibility demonstrated even for more com-

plex operations
•	 Large case load necessary
•	 High hospital and high surgeon volume 

necessary
•	 Oncological quality equivalent in current data 

(cave: expert results)
•	 Registry studies required in the future
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Total Laparoscopic 
Pancreatoduodenectomy

Maurice J.W. Zwart, Thijs de Rooij, 
Olivier R.C. Busch, Michael F. Gerhards, 
Sebastiaan Festen, and Marc G.H. Besselink

24.1	 �Introduction

Pancreatoduodenectomy is the treatment of 
choice for pancreatic head and periampullary 
cancers and high-risk pancreatic cysts. 
Laparoscopic pancreatoduodenectomy, firstly 
performed in 1994 [1], has gained popularity 
only slowly, probably because of the required 
extensive laparoscopic dissection and the diffi-
culty of the pancreatic and bile duct anastomo-
ses. Improvements in surgical expertise, 
instrumentation and several cohort studies have 
apparently driven to the recent increased inter-
est in laparoscopic pancreatoduodenectomy [2]. 
Nevertheless, only a few centers have acquired 
adequate experience with this complex proce-
dure. A recent pan-European survey demon-
strated that although 73% of pancreatic surgeons 

performed minimally invasive distal pancre-
atectomy, only 4.4% of surgeons had performed 
more than ten minimally invasive pancreatodu-
odenectomies [3]. A laparoscopic approach to 
pancreatic and periampullary lesions may 
enhance postoperative functional recovery and 
potentially shorten time to start with adjuvant 
chemotherapy. Naturally, a learning curve arises 
with the adaptation of a laparoscopic approach. 
This is reflected in reports on the laparoscopic 
pancreatoduodenectomy learning curve which 
is completed faster with extensive previous 
experience in laparoscopic surgery and ade-
quate training in pancreatic surgery [4]. 
Additionally, high-quality surgical performance 
and low conversion rates are best achievable in 
high-volume centers [5].

24.2	 �Indications

Indications for laparoscopic pancreatoduodenec-
tomy are similar to the open approach. The selec-
tion criteria for a laparoscopic approach depend 
mainly on the surgeon’s experience with laparo-
scopic pancreatoduodenectomy. Less experienced 
surgeons are advised to perform laparoscopic 
resection only for small tumors without potential 
vascular involvement [6]. Ideal candidates are 
probably patients with a small periampullary 
mass with a ‘double duct’ sign, to facilitate safe 
anastomoses.
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24.3	 �Contraindications

Although vascular resection is technically possi-
ble in laparoscopic pancreatoduodenectomy in 
highly experienced hands, most authors advice to 
withhold from this approach until vast experience 
(e.g., 40–80 procedures) has been obtained [7, 8]. 
Similarly, a laparoscopic approach is feasible 
after neoadjuvant radiotherapy, in case of chronic 
pancreatitis or in case of severe obesity (i.e., body 
mass index beyond 30), but the general advice is 
to fully complete the learning curve before 
embarking on these challenging indications. 
Therefore, there are no strict contraindications 
except for technical limitations of the team.

24.4	 �Preoperative Investigations

As for all indications for pancreatic surgery, all 
patients require preoperative, high-quality, 
contrast-enhanced computed tomography within a 
dedicated pancreas protocol to assess tumor resect-
ability with specific focus on aberrant vasculariza-
tion (e.g., right hepatic artery), and vascular 
involvement. Especially, aberrant vascularization 
should be recognized, since these variants may be 
difficult to detect early intra-operatively when 
operating laparoscopically. Preoperative proce-
dures are exactly the same as for an open proce-
dure. Endoscopic ultrasound (EUS) is indicated 
when computed tomography (CT) does not reveal 
a tumor mass. Preoperative biliary drainage (in the 
same procedure as EUS) using covered metal 
stents is helpful in jaundiced patients with a total 
serum bilirubin >250 mg/dL [9]. In case of lower 
bilirubin levels, early surgical exploration is 
advised [10]. Preoperative CA19-9 measurement 
is not mandatory for the diagnosis, but can be 
helpful in determining prognosis and in monitor 
the effectiveness of chemoradiotherapy [10].

24.5	 �Preoperative Preparation

Whether performing pancreatoduodenectomy 
open- or laparoscopic, preoperative preparations 
are identical. In both approaches, pancreatoduo-
denectomy carries a 40–50% risk of clinically 

relevant complications. Prophylactic measures 
include intra-operative antibiotics, glucose man-
agement, somatostatin analogues in high-risk 
patients, venous thromboprophylaxis with low 
molecular weight heparin, as well as compres-
sion stockings, when available with pneumatic 
compression [11, 12].

24.6	 �Anesthesia

Laparoscopic pancreatoduodenectomy is per-
formed under general anesthesia. Epidural anal-
gesia is not mandatory. Analgesic options that 
also may be considered are continuous wound 
infiltration and additional patient controlled anal-
gesia [13]. Average operative times for laparo-
scopic pancreatoduodenectomy are considerably 
longer than with the open approach which can 
cause hypothermia in slender patients [2]. 
Therefore, careful temperature control is advised.

24.7	 �Positioning

The patient is fitted with a self-warming blan-
ket and is placed in the French position with 
the right arm positioned to the patient’s side 
and the left arm extended; or alternatively both 
arms extended. The surgeon stands between 
the patient’s legs with the first assistant at the 
left and the second assistant at the right side of 
the patient.

24.8	 �Instrumentation

•	 Self-heating blanket and compression 
stockings

•	 Trocars: 3 × 12 mm and 3 × 5 mm
•	 High definition camera

(three-dimensional vision may be useful for 
the anastomotic phase)

•	 Tissue sealer (e.g., Enseal®, which articulates 
or Ligasure® Maryland)

•	 Laparoscopic bipolar forceps
•	 Laparoscopic 90° forceps

M.J.W. Zwart et al.
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•	 Laparoscopic needle drivers
•	 Laparoscopic hem-o-lok® clips and removal 

device
•	 Laparoscopic bulldogs clamps
•	 Laparoscopic ultrasonic dissector
•	 Vessel loops, ¼ length
•	 Endo clip 5 mm and 10 mm
•	 Endostapler (vascular vs. other)
•	 Endoscopic retrieval bag
•	 Small (6-8FR, 8 cm long) nasogastric tube
•	 Sutures: 6  ×  3-0 barbed suture, 5-0 Vicryl® 

and a small, non-cutting needle
•	 Surgical non-suction drains

24.9	 �Procedure

After positioning and draping of the patient, and 
installment of all equipment, CO2 insufflation 
through either a Veress needle (Palmer’s point) 
or open introduction creates a 12 mmHg pneu-
moperitoneum. The first 12 mm trocar is placed 

infra-umbilical and in obese patients supra-
umbilical. Two additional 12  mm trocars are 
placed laterally of the umbilicus. Laterally from 
these, two 5  mm trocars are placed approxi-
mately four fingerbreadths subcostally in the 
anterior axillary line, such that the trocars form 
a slight arc. Finally, a 5 mm trocar is placed just 
below the xiphoid, see Fig. 24.1.

A diagnostic laparoscopy is performed to rule 
out liver or peritoneal metastases. The teres liga-
ment is slung using a transcutaneous straight nee-
dle which is placed in the epigastric region. 
Optionally, the liver can be retracted with a suture 
wire hanging method [14]. Furthermore, the cystic 
duct and artery are identified and transected before 
dissecting the lower one third of the gallbladder 
dissected. Next the gallbladder is sutured to the 
abdominal wall, thus further retracting the liver. A 
grasper is placed via the subxiphoid trocar until 
under segment one to lift the liver (Video 24.1).

The resection phase is then started by opening 
the lesser sac by dividing the gastrocolic ligament 

Second
assistant

First
assistant

5 mm
5 mm

5 mm

12 mm
12 mm

12 mm

Surgeon

ã VAN DER ZON  -  VISUEEL
Fig. 24.1  Trocar 
placement for 
laparoscopic 
pancreatoduodenectomy
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from the greater gastric curvature towards the 
hepatic flexure. The first assistant stretches the 
colon caudally whereas the second assistant lifts 
the stomach. Subsequently, the hepatic flexure is 
mobilized and the Kocher maneuver is completed 
until the left renal vein and the origin of the supe-
rior mesenteric artery are identified. During this 
phase the first assistant lifts the duodenum towards 
the patient’s left side. The duodenum is further 
mobilized from the right side, potentially includ-
ing Treitz’ ligament. Once the superior mesenteric 
vein is identified, the right gastroepiploic vein is 
transected with a sealing device and vascular clips. 
The pancreas is now ready for tunneling from the 
inferior pancreatic border (see Fig. 24.2).

At the hepatic artery, lymph node station 8, is 
identified and removed for histopathological 
assessment. The portal vein and gastroduodenal 
artery are identified. After slinging the latter with a 
vessel loop, it is clamped with a grasper to detect 
whether arterial flow to the liver remains. 
Thereafter, the gastroduodenal artery is divided 
between vascular clips, aiming at a 10 mm stump 
for eventual coiling in case of bleeding. At least 
two vascular clips are advised at the side of the 
hepatic artery. Special care is taken in case of an 
aberrant hepatic artery arising from the superior 
mesenteric artery. In this scenario, early identifica-
tion and transection of the bile duct is advised.

The nasogastric tube is temporarily withdrawn, 
the large curvature of the stomach is skeletonized 
just proximal to the pylorus and the right gastric 

artery is clipped. The stomach is transected using an 
endostapler just proximally from the pylorus (pylo-
rus ring resection) and placed in the upper left abdo-
men until the start of the reconstruction phase. 
Alternatively, the first 2 cm of the duodenum are 
spared for a pylorus preserving procedure.

The jejunum is mobilized, either from the 
right or the left side of the mesenteric root, and 
divided with an endostapler. The duodenum is 
now entirely mobilized from the mesenteric root. 
When the jejunum is divided at the left of the 
mesenteric root, a suture is placed between both 
ends to facilitate rotation of the jejunal loop to 
the right side of the mesenteric root.

The uncinate process is then mobilized using a 
sealing device. The superior and inferior pancreati-
coduodenal veins and arteries are divided using the 
tissue sealer. Care is taken not to injure the first 
jejunal venous branch of the superior mesenteric 
vein. The posteriorly tunneled pancreas is now 
transected with diathermy or ultrasonic dissector 
while using scissors in the vicinity of the main pan-
creatic duct to prevent unintentional closure of the 
duct. The retroperitoneal dissection is continued 
while working close to the superior mesenteric 
artery and flush on the portomesenteric vein. This 
is continued up to the insertion of the cystic duct 
into the common bile duct. The gallbladder is either 
removed direct or left in situ for liver hilum retrac-
tion and removed separately at the end of the pro-
cedure. A vessel loop is slung around the hepatic 
bile duct, a bulldog clamp is placed at the remnant 

Fig. 24.2  Tunneling of 
the pancreas
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bile duct, and a vascular clip at its distal end. Then, 
the bile duct is sharply divided. The specimen can 
now be collected in an endobag and removed 
through a Pfannenstiel incision. The Pfannenstiel 
incision is closed in layers of peritoneum, muscle, 
and fascia. When the gallbladder is temporarily left 
in place, alternatively, the specimen is placed in a 
internal collection bag so it can be removed at the 
end of the procedure together with the gallbladder.

At this stage, a short break is advised before 
starting the reconstruction.

24.9.1	 �Pancreaticojejunostomy

For the anastomotic phase three-dimensional vision 
may be useful. The jejunum is positioned close to 
the cut surface of the pancreas in order to create a 
modified Blumgart e/s pancreaticojeunostomy with 
an internal stent. Four barbed sutures (e.g. V-loc® 
3/0, Medtronic inc., large needle) are placed antero-
posterior through the pancreas, approximately 1 cm 
from the cut surface, through the jejunum and back 
through the pancreas. A small jejunotomy is made 
to enable the pancreatic duct-to-mucosa anastomo-
sis with 5-0 Vicryl® and a small, non-cutting needle. 
After two sutures (e.g. at 5 and 8 o’clock) the pan-
creatic duct is stented with an 8  cm long 6-8FR 
stent with side holes at the pancreatic side and the 
final two sutures are placed (e.g., at 11 and 2 o’clock) 
(Fig. 24.3). If feasible, more duct-to-mucosa sutures 
may be placed. The four barbed sutures are used 
again and placed through the jejunum and back on 

the anterior surface of the pancreas, hereby ‘pull-
ing’ the jejunum over the pancreas to create an 
invagination. The barbed sutures are secured with 
clips closely to the outer layer of the pancreas after 
careful tightening. Alternatively, a pancreatogas-
trostomy can be performed [15].

24.9.2	 �Hepaticojejunostomy

The jejunum is then brought in position to the 
hepatic bile duct to determine the position of the 
hepatojejunostomy. For a non-dilated hepatic 
duct, Vicryl 5/0 standing sutures are advised. 
Running sutures Vicryl 5-0 or barbed sutures 
(e.g., V-loc® V-20) can be used for a wider hepatic 
duct. When using barbed sutures, care must be 
taken to anchor the first suture on the bowel, lat-
eral from the anastomosis since the ‘loop’ has no 
barbs. A back and front row is used for the run-
ning sutures, with the surgeon standing on the 
patients’ left (or right) side. For the standing 
sutures, an approach can be used starting 6 
o’clock on the bile duct to 12 o’clock on the 
bowel and thereafter both counterclockwise and 
clockwise on both sides going towards 12 o’clock 
on the bile duct (Fig. 24.4). To drain both the pan-
creatico- and hepatojejunostomy, a drain is 
placed, under the hepatojejunostomy, through the 
foramen of Winslow with the tip next to the pan-
creaticojejunostomy (drain 1). Optionally, a sin-
gle suture between jejunal loop to the gallbladder 
bed may reduce tension on the anastomosis.

Fig. 24.3  Stent 
placement during in 
pancreatojejunostomy
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24.9.3	 �Gastrojejunostomy

The first jejunal loop is now identified, placed in 
an antecolic position, on the anterior wall of the 
stomach, and secured to the stomach with a sin-
gle suture. Next, using diathermy, openings are 
made in the jejunal loop and on the anterior side 
of the stomach. A side-to-side gastrojejunostomy 
anastomosis is created using an endostapler. The 
anastomotic line of 4–5 cm is inspected for bleed-
ing. A dot of ink may be placed in the efferent 
jejunal loop, thus facilitating later endoscopic 

feeding tube placement when required [16]. The 
remaining opening is closed using 3-0 barbed 
suture (Fig. 24.5) and finalized with two stitches 
between the efferent loop and the distal stomach 
to prevent torsion.

Alternatively, an end-to-side gastro- or duode-
nojejunostomy can be created. A second drain, 
entering via the most right-sided trocar is placed 
under this anastomosis such that it drains the cau-
dal part of both the pancreaticojejunostomy and 
the gastrojejunostomy (drain 2). Omentum, is 
draped over the pancreaticojejunostomy.

Fig. 24.4  Posterior 
suturing of the 
hepatojejunostomy

Fig. 24.5  Anterior 
suturing of the 
gastrojejunostomy
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After a final exploration for bleeding and leak-
age, drainage of CO2 takes place and all trocars 
are removed under direct vision.

24.10	 �Tips and Comments

•	 After placing a suture at the stapler line of the 
jejunum and duodenum, the duodenum can be 
used to pull the jejunum through retrocolically 
towards the anastomosis sites.

•	 Conversion should not be perceived as a com-
plication. Conversion is indicated in case of 
failure to progress, difficult dissection, resect-
able venous involvement or severe intraopera-
tive bleeding.

•	 Doppler ultrasonography, regular probe, can 
be placed through the subxiphoid port to rule 
out insufficient hepatic flow after clamping 
the gastroduodenal artery.

•	 In case of a small bile duct diameter, tempo-
rary ductal stenting makes precise positioning 
of anastomotic standing sutures easier, as the 
ductal lumen orientation is apparent.

•	 In the reconstruction phase, three-dimensional 
vision facilitates laparoscopic suturing.

24.11	 �Follow-up

After the procedure, the patient is admitted to 
the postoperative care unit for pain control, 
blood glucose levels, and restoring fluid homeo-
stasis. Patients are transferred to the surgical 
ward on day 1 with an enhanced recovery after 
surgery strategy [17]. Special attention is given 
to diabetes control, enzyme supplementation, 
and early mobilization. Drain amylase is 
checked on the third postoperative morning, so 
drains can be removed once amylase is lower 
than three times the upper limit of the normal 
amylase range.

Although preoperative evaluation aims to 
limit risk of intraoperative and postoperative 
complication, high morbidity rates are unfortu-
nately common. For the best post-operative care, 
it is important to emphasize complication rescue 
and to aim for early detection of complications.

Adjuvant chemotherapy is advised within 
12  weeks after resection of a pancreatic ductal 
adenocarcinoma.

24.12	 �Future

Pragmatic multicenter randomized controlled 
trials will have to demonstrate superiority of 
minimally invasive pancreatoduodenectomy. 
Currently, one monocenter trial was recently 
completed and two further trials are ongoing. 
The PLOT monocenter trial was performed in a 
highly experienced center in Coimbatore, India, 
and concluded that time to functional recovery 
is shorter after laparoscopic pancreatoduode-
nectomy after including 64 patients [18]. In 
Barcelona, the monocenter randomized PADULAP 
trial is ongoing [19], and in the Netherlands, 
the multicenter randomized controlled, patient 
blinded LEOPARD-2 trial [20].

During laparoscopic pancreatoduodenectomy, 
especially the anastomotic phase is challenging. 
Completing each anastomosis can take up to 
40–50  min [21]. Robot-assisted surgery allows 
for wrist-like movements, potentially facilitating 
the anastomotic phase. Although good results 
with robot-assisted pancreatoduodenectomy have 
been reported, comparative studies are lacking 
and concerns about cost-effectiveness will have 
to be addressed [8, 22].

24.13	 �Summary

•	 In laparoscopic pancreatoduodenectomy, a 
body mass index exceeding 30 kg/m2 is a rela-
tive contraindication.

•	 Patient specific anatomic understanding is 
essential as precautions are essential when 
undertaking laparoscopic pancreatoduodenec-
tomy since anatomic variations are more dif-
ficult to detect intra-operatively when 
operating laparoscopically.

•	 Pancreatoduodenectomy with venous resec-
tion should not be attempted without conver-
sion to open surgery until vast experience has 
been obtained.
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Robot Assisted Partial 
Pancreatectomy 
and Duodenopancreatectomy

Ugo Boggi and Carlo Lombardo

25.1	 �Introduction

Laparoscopy has revolutionized surgery, by show-
ing that many abdominal operations can be per-
formed safely and effectively despite minimally 
invasive access. Patients’ demand for minimally 
invasive surgery, on one hand, and surgeons’ moti-
vation to pursue innovation and accept challenge, 
on the other, did the rest making laparoscopy an 
essential component of modern surgery. 
Laparoscopy, however, has intrinsic limitations, 
that are not completely overcome by expertise [1]. 
These limitations have made the outcome of lapa-
roscopy highly operator dependent [2], and have 
restricted the range of complex operations that can 
be safely performed using this technique [3].

Robotic assistance enhances surgeon dexterity, 
and surpasses most of the limitations of conven-
tional laparoscopy [2]. Further, while after more 
than two decades of continuous evolution in instru-
ments and ancillary technologies, laparoscopy is 
likely to have reached a development plateau, 

robotic assistance is still in its infancy. As for other 
computer-controlled systems, robotic platforms 
are expected to evolve quickly. At the moment, 
only two robotic systems are commercially avail-
able. The most popular robotic system, is the Da 
Vinci Surgical System® (dVss) (Intuitive Surgical, 
Sunnyvale, CA, USA). Recently, another robotic 
platform was lunched, the TELELAP ALF-X 
(SOFAR S.p.A., ALF-X Surgical Robotics 
Department, Trezzano Rosa, Milan, Italy) [3]. 
Other robotic systems are under development [4, 
5]. In this chapter only da Vinci surgery is 
addressed, because no data is available on the use 
of other robotic systems in pancreatic resections.

25.2	 �The da Vinci Surgical System

Four different models of dVss have been mar-
keted since 1998. The basic components all dVss 
are similar [5].

In general, the dVss is a telemanipulator capa-
ble of transferring the movements of the hands of 
a remote surgeon to the tips of miniaturized intra-
corporeal instruments. The dVss is not capable of 
any programmed or autonomous action.

The dVss consists of three main components: 
the surgeon console, the patient side cart (PSC), 
and the vision cart.

	1.	 The surgeon console is the remote working 
station from which the surgeon operates the 
robotic arms.
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	2.	 The PSC has three or four operative arms, 
holding the camera and the robotic 
instruments.

	3.	 The vision cart contains all required compli-
mentary technology.

25.3	 �Advantages 
and Disadvantages 
of Robotic Asssitance 
as Compared 
with Laparoscopy

Robotic assistance enhances surgical dexterity by 
restoring hand–eye coordination and offering 
optimal working ergonomy. These improvements 
are made possible mainly thanks to:

	1.	 The use of EndoWrist® instruments, having a 
very distal articulation allowing the tip of the 
instrument to achieve seven degrees of freedom. 
The shaft of robotic instruments is fully station-
ary, avoiding the “fulcrum effect” typical of con-
ventional laparoscopic instruments, and causing 
no extra wear on the abdominal wall port.

	2.	 The availability of a binocular endoscope 
offering high-quality, steady, stereoscopic 
vision with up to 15× magnification. Since the 
surgeon visualizes the stereoscopic images 
via a display located above his/her hands, and 
hand movements immediately and precisely 
corresponds to movements of the tips of intra-
corporeal instruments, the surgeon has the vir-
tual sensation of operating within the patient’s 
body. This type of vision is called “immersive 
vision”, and is totally different from any HD 
and/or 3D vision provided by wall screens.

	3.	 The availability of an additional robotic arm, 
that can be used either to provide steady and 
durable retraction or as an operative arm.

The dVss has also several limitations, that 
should be recognized to limit the risk of improper 
use of this very sophisticated technology:

	1.	 The PSC is very bulky. Excluding the lastly 
released system (Xi), in pancreatic resections 
the PSC of all dVss is positioned over the 
head of the patient, limiting accessibility to 
patient’s airways and infusion lines (Fig. 25.1).

a b

Fig. 25.1  Position of the PSC of the dVss for pancreatic 
resections. (a) With the dVss Si the PSC has to come from 
the head of the patient. Access to airways and infusion 
lines by the anesthesia team is limited. (b) The PSC of the 

dVss Xi can be positioned everywhere around the patient 
since the overhead boom, holding the robtic arms, rotates 
to reach optimal working position. Access to the patient is 
hence maintained 270° around the operating table
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	2.	 Careful set up of robotic arms is crucial to 
avoid internal and external collisions.

	3.	 No haptic feedback is provided. Although 
some studies suggest the excellent quality of 
the vision the surgeon may provide virtual 
haptic sensations, lack of actual haptic feed-
back is known to cause tissue or suture dam-
age, and does not allow tissue palpation.

	4.	 When the instruments are not under direct 
visual control, the remote surgeon may lose 
the perception of their actual position. This 
limitation has been partially addressed in the 
dVXi, that provides visual signals at the 
boundaries of the screen showing were the tip 
of the instrument is located or from where it is 
reaching the field.

	5.	 Despite the dVss is a robust and reliable plat-
form, malfunction may occur [5].

Finally, costs are the major disadvantage of 
robotic assistance and the greatest barrier to fur-
ther diffusion of this technology [6].

25.4	 �Rationale for the Use 
of Robotic Assistance 
in Pancreatic Resections

Nearly all surgical procedures are feasible using 
conventional laparoscopy, but adaptations from 
well-established open techniques are often 
required. Some of these adaptations have shown 
to be safe and have even led to changes in open 
procedures. Other variations, instead, have not 
been fully validated yet.

Robotic assistance allows to faithfully 
reproduce the open technique [2]. In pancreatic 
resections, the enhanced dexterity offered by 
robotic assistance is expected to be more 
rewarding in procedures including digestive 
reconstruction, such as pancreatoduodenec-
tomy, than in straightforward resection only 
procedures, such as distal pancreatectomy with 
en-bloc splenectomy. The full range of pancre-
atic resections has been performed under 
robotic assistance [7].

25.5	 �Center and Surgeon 
Eligibility for Safe 
Implementation 
of a Program for Robotic 
Pancreatoduodenectomy

There are no currently agreed standards for sur-
geon training and credentialing as well as for 
Institution accreditation, but it is clear that these 
pathways are very much needed [8].

A program for robotic pancreatic resections is 
best developed at a high volume center, by profi-
cient pancreatic surgeons with experience in 
advanced laparoscopic surgery. Robotic surgery 
reduces man power, in favor of team power. Two 
surgeons are needed, one operating from the con-
sole and the other accomplishing laparoscopic 
tasks at the table. An experienced scrub nurse is 
also required. The anesthetist must have exten-
sive experience in both in laparoscopic surgery 
and pancreatic procedures. The entire team must 
familiarize with the system, and with the new 
operative conditions, in simple straightforward 
procedures. For the operating surgeon, prepara-
tory surgeries could include simple operations 
that require intracorporeal sutures, such as repair 
of visceral aneurysms and pyeloplasty [11]. 
Distal pancreatectomy should be performed first. 
Pancreatoduodenectomy and central pancreatec-
tomy should be implemented last. Proctor super-
vision is recommend, until the team feels 
confortable with the procedure.

The learning curve for distal pancreatectomy, 
with or without spleen preservation, includes 
approximately ten operations [9]. The learning 
curve for pancreatoduodenectomy includes 
between 40 and 80 procedures [10, 11]. For pan-
creatoduodenectomy, we recommend to select 
periampullary tumors and lean patients to learn 
about dissection of the posterior margin, and pan-
creatic cancer to learn about pancreatic recon-
struction. Procedures should be learned stepwise 
and proficiency should be gained on each indi-
vidual step before moving on to the next. During 
the initial phase of the learning curve the missed 
steps of the procedure (i.e. pancreatic anastomosis 
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in periampullary tumors and dissection of the 
posterior margin in pancreatic cancer) should be 
performed by a proctor [12].

25.6	 �Selection Criteria for Robotic 
Pancreatic Resections

Patients must be eligible for laparoscopy. 
Selection criteria are expected to evolve with 
experience. Our current selection criteria, after 
nearly 300 robotic pancreatic resections, are 
reported in Table 25.1.

It is important that indications to surgery are 
not expanded because of the availability of robotic 
assistance. Likewise, cosmesis should play no role 
in the decision of surgical technique.

In patients with pancreatic head cancer and 
overt vein involvement (i.e. segmental occlu-
sion, tumor abutment ≥180°) robotic resection 
should not be performed. In patients limited 
vein involvement (i.e. ≤180°), robotic resec-
tion can be considered, if the team is familiar 
with the corresponding open procedure, if all 
the oncologic principles can be respected, and 
if resection can be carried out with ease. Risk 
factors should not be cumulated, so that vein 
resection and reconstruction is best performed 
in patients in whom vein involvement is an iso-
lated risk factor for troublesome resection or 
reconstruction. A low threshold for conversion 
should be maintained for all types of resection, 
especially when vascular procedures are 
required [13].

Table 25.1  Selection criteria for robot-assisted pancreatic resections

General criteria Availability of robotic system

Suitability for laparoscopy

Tumor enucleation All patients eligible for open or laparoscopic surgery

Distal pancreatectomy
 �   ≤10 procedures: BMI: Males: ≤30 kg/m2; Females: ≤35 kg/m2

 �   >10 procedures: No specific BMI cutoff

 � With en-bloc splenectomy
 �   ≤10 procedures: No splenic vein occlusion

No need for concurrent procedures

No visceral involvement

 �   >10 procedures: Accept patients with splenic vein occlusion, if manageable

Accept patients needing concurrent procedures, if 
manageable

Accept patients needing visceral resections, if manageable

 � Pancreatic cancer

 �   ≤10 procedures: Do not accept

 �   >10 procedures: Accept if clear surgical margins can be defined

 � Other histology

 �   ≤10 procedures: Tumor diameter ≤ 5 cm

 �   >10 procedures: Accept all tumor sizes, if manageable

 � Modified Appleby

 �   ≤10 procedures: Do not accept

 �   >10 procedures: Accept if manageable

 � Spleen-preserving
 �   ≤10 procedures: Do not accept large tumors

Do not accept tumors located within branched splenic 
vessels at the spleen hilum

 �   >10 procedures: Accept all tumor sizes and locations, if manageable

Central pancreatectomy All patients eligible for open or laparoscopic surgery
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25.7	 �Technique of Robotic 
Pancreatic Resections

There is no standardization of robotic techniques 
for pancreatic resections. The techniques pre-
sented herein are those developed at the 
University of Pisa [2, 7, 9, 10, 12–15].

Patient position on operative table, table ori-
entation, and port placement are summarized in 
Fig. 25.2. It is worth noting that in pancreatoduo-
denectomy we prefer to place two robotic arms 
on the left side of the patient, while other teams 
prefer to have two robotic arm on the right side. 
The reason for having two robotic arms on the 

Table 25.1  (continued)

Pancreatoduodenectomy
 �   ≤40 procedures: BMI: Males: ≤28 kg/m2; Females: ≤30 kg/m2

No need for concurrent procedures

No visceral involvement

No vein involvement

 �   41–80 procedures: BMI: Males: ≤30 kg/m2; Females: ≤35 kg/m2

Accept patients needing concurrent procedures, if 
manageable

No vein involvement

No visceral involvement

 �   >80 procedures: Do not accept patients with central obesity

Accept patients needing concurrent procedures, if 
manageable

Accept patients needing visceral resections, if manageable

Accept patients needing vein resection, if manageable

 � Pancreatic cancer

 �   ≤40 procedures: Do not accept

 �   41–80 procedures: Accept if clear surgical margins can be defined. Be more 
selective for cancers in the uncinate process

 �   >80 procedures: Accept if clear surgical margins can be defined

 � Other histology

 �   ≤40 procedures: Do not accept large tumors

Do not accept duodenal cancer

Do not accept chronic pancreatitis

 �   41–80 procedures: Accept larger tumors

Accept duodenal cancer, if no extravisceral growth

Do not accept chronic pancreatitis

 �   >80 procedures: Accept all tumor sizes, if manageable

Accept duodenal cancer, if manageable

Accept chronic pancreatitis, if manageable

Total pancreatectomy
 �   ≤20 procedures: As for pancreatoduodenectomy ≤40 procedures

 �   >20 procedures: As for pancreatoduodenectomy >80 procedures

 � Tumor/disease type

Do not accept locally advanced tumors, of any histology

Accept patients with multifocal PNET, IMPN, pancreatic 
metastasis and other tumors/diseases involving the entire 
pancreas

PNET pancreatic, neuroendocrine tumors; IMPN intraductal mucinous papillary neoplasm
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right side, is the use of one arm during dissection 
of the posterior margin to elevate the head of the 
pancreas. The same result can be achieved having 
the “fourth robotic arm” on the left side of the 
patient, and we prefer this configuration for port 
placement for several different reasons. First, 
robotic arms, placed to the left of the patient are 
operated by the surgeon at the console using the 
right hand (Fig.  25.3a). If the surgeon is right-
handed, with this configuration, he or she has two 
right hands. Second, more room is left on the 
right side to place the camera port along the right 
pararectal line. Since one of the most challenging 
steps of pancreatoduodenectomy is dissection of 
the uncinate process and the posterior margin, 
looking at this hidden target slightly from the 
right improves vision as compared with looking 

at the same area from the midline because of the 
interposition of the superior mesenteric/portal 
vein (Fig. 25.3b).

The dVss Si requires a dedicated optic port, 
while with the dVss Xi all robotic ports can be 
used for the optic or the instruments (so called 
“port hopping”). In pancreatoduodenectomy the 
optic port is placed along the right pararectal line, 
to improve exposure of the uncinate process. In 
central pancreatectomy, total pancreatectomy, 
and distal pancreatectomy (for tumors located in 
the body) the optic port is placed just below or 
above the umbilicus. In distal pancreatectomies, 
performed for tumors located in the tail, the 
patient is placed on the right flank position and 
the optic port is inserted to the left of the 
umbilicus.

1

1 2-5

1-5 1, 3, 4

0˚

20˚

10-15˚

2 5

2 3 4 5

Fig. 25.2  The main types of pancreatic resections are 
numbered from 1 to 5 at the top of the figure. 1: Resection 
of the pancreatic tail; 2: Resection of the pancreatic body 
and tail; 3: Central pancreatectomy; 4: Total pancreatec-

tomy; 5: Pancreatoduodenectomy. Patient positions and 
operating table orientations are shown below and matched 
with procedure by numbers
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During robotic pancreatic resections, the 
fourth robotic arm is often used to achieve opti-
mal exposure. The use of transparietal sutures 
may also be used to improve exposure, without 
the use of dedicated laparoscopic retractors. 
Using these sutures the fourth robotic arm 
becomes fully available as an additional opera-
tive arm. A summary of these maneuvres is pre-
sented in Fig. 25.4.

25.7.1	 �Distal Pancreatectomy

The procedure begins with mobilization of the 
splenic flexure of the colon. To avoid omental 
infarction, a potential complication when the 
gastrocolic ligament is divided [16], the lesser 
sac is entered by dividing the reflection of 
colon and omentum. The peritoneum along the 
inferior margin of the pancreas is incised and 
the distal pancreas is mobilized along the pos-
terior avascular plane. The splenic vein is iden-
tified. The pancreas, at the level of intended 
resection, is elevated using stay sutures and 
divided using the harmonic scalpel and the 
robotic scissors. The duct is carefully identi-
fied, ligated or suture ligated, and the paren-

chyma is closed in a fish-mouth configuration 
using interrupted sutures of 4/0 polytetrafluo-
roethylene. The pancreas may also be tran-
sected using a laparoscopic stapler [9].

In case of splenectomy, the splenic artery is 
mobilized, doubly ligated, and divided at an 
early stage. If the splenic vein is thrombosed, 
and venous effluent is based on collateral circu-
lation, the left gastroepiploic vessels and the 
short gastric vessels are left intact until the end 
of the operation. In the other patients, they are 
immediately divided using a combination of 
harmonic shears and clips. Division of the 
splenic vein, and mobilization of the spleen 
complete the operation. In patients diagnosed 
with pancreatic cancer, lymphadenectomy is 
performed, as required, from medial to lateral 
(Fig.  25.5). The specimen, placed in an endo-
scopic bag, is retrieved through a transverse 
suprapubic incision [9].

When the spleen is planned for preserva-
tion, the splenic artery and the splenic vein are 
dissected off the pancreas. Pancreatic veins are 
fixed using either energy devices or ligatures. 
Pancreatic arteries are preferentially ligated or 
suture ligated. The specimen, placed in an 
endoscopic bag, may be retrieved through 

a b

Fig. 25.3  Position of robotic arms and camera arm for 
pancreatoduodenectomy. (a) On the left hand side of this 
figure is shown the port configuration with “two robotic 
arms on the right side of the patient”. As shown at the bot-
tom of the figure the two right-sided robotic arms are 
operated by the surgeon’s left hand. On the opposite side 
of the figure is shown the port configuration with “two 
robotic arms on the left side of the patient”. The left-sided 

ports are operated by the surgeon’s right hand. (b) On the 
left hand side of the figure the camera is placed in the 
umbilical port. From this observation point, the vision of 
posterior margin is covered by the overhead superior mes-
enteric/portal vein. On the opposite side of the figure, the 
camera is placed in the right para-rectal port. From this 
lateral perspective the posterior margin is seen more 
clearly
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a

1

2 3

c

b

Fig. 25.4  Methods for instrumentless organ retraction 
during pancreatic resections. (a) Liver retraction during 
pancreatoduodenectomy. 1. The fundus gallbladder is 
hanged to the right diaphragm using an intracorporeal 
suture. 2. A V shaped sling is used to elevate left later seg-
ment of liver. Liver suspension is achieved using a trans-
abdominal suture brought in at the level of the xiphoid, 
passed through the diaphragmatic crus, and brought out at 
the level of the right pararectal line, immediately below 

the costal margin. 3. The round ligament of the liver is 
suspended using a transparietal suture. (b) Stomach 
retraction during distal pancreatectomy. A V-shaped trans-
parietal suture, as described for liver retraction, elavates 
the stomach. (c) Stomach retraction during distal pancre-
atectomy. A vessel loop passed around the gastric antrum 
is closed using a Hem-o-lok® and hanged to the abdomi-
nal wall using a transparietal suture

either an enlarged port site or a transverse 
suprapubic incision. Two drains are left near 
the pancreatic transection margin. The round 
ligament of the liver is mobilized and used to 
cover the pancreatic stump [9].

25.7.2	 �Central Pancreatectomy

The lesser sac is entered by dividing the gastro-
colic ligament, while preserving the gastroepi-
ploic vessels. The neck of the pancreas and the 
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distal portion of the body of the pancreas are dis-
sected free. The pancreas is divided using a com-
bination of harmonic scalpel and robotic scissors. 
The duct is identified on either sides, and one of 
the margins is tagged with a stitch for proper 
pathology orientation. If free margins are con-
firmed at frozen section histology, reconstruction 
can be performed using either a pancreatojeju-
nostomy or a pancreatogastrostomy [14].

25.7.3	 �Pancreatoduodenectomy

After diagnostic laparoscopy, the gastrocolic lig-
ament is opened and the right colonic flexure is 
mobilized, while the gastric antrum is gently 
elevated and retracted to the left, using the fourth 
robotic arm. The right gastroepiploic vessels are 
identified, dissected off, clipped by Hem-o- lok® 
(Teleflex Medical, Research Triangle Park, North 
Carolina, USA), and divided [2, 12].

During dissection of the hepatoduodenal liga-
ment, exposure may be further improved by pull-
ing upward and cephalad the gallbladder, using 
the fourth robotic arm. The right gastric vessels 
are divided between ligatures and the first part of 
the duodenum is divided with a laparoscopic sta-
pler. The gastroduodenal artery is double-ligated 
proximally using 0 linen, and divided. The com-
mon bile duct is divided between ligatures or 

clips, to avoid bile spillage, and the duct margin 
is sent for frozen-section histology. Depending 
on tumor type, lymphadenectomy is performed 
as required. Lymph node 8a is always removed to 
facilitate exposure of the hepatic artery. In case of 
ductal adenocarcinoma, in addition to the lymph 
node included in a standard lymphadenectomy 
(i.e. 5, 6, 8a, 12b1, 12b2, 12c, 13a, 13b, 14a, 14b, 
17a, and 17b), the following lymph nodes are 
removed: 8p, 9, 12a, 14c, 14d, and 14d) [17] 
(Fig. 25.6). The para-aortic nodes (station 16) are 
not removed [2, 12]. Attention is paid to remove 
en-bloc with the specimen the mesopancreas [13] 
(Fig. 25.7).

The pancreatic neck is elevated off the supe-
rior mesenteric/portal vein and stay sutures are 
placed at the inferior and superior border of the 
gland. The pancreas is divided using a combina-
tion of harmonic scalpel and robotic scissors and 
the pancreatic margin is sent for frozen-section 
histology. During division of the pancreas, atten-
tion is paid to identify the main pancreatic duct 
that is cut sharply a few mm to the right of the 
parenchymal transection to facilitate subsequent 
anastomosis [2, 12].

Following a complete Kocher manoeuvre, 
performed by retracting the duodenum to the left 
side, the first jejeunal loop is mobilized and 
brought to the right of the superior mesenteric 
vessels. The jejunal mesentery is divided using 

8a

a b

8p
11p

11d

18

14a

10

9

Fig. 25.5  Lymphatic clearance in robotic distal pancre-
atectomy for cancer. (a) The dotted line shows the poste-
rior plane of dissection for radical distal pancreatectomy. 
The left-sided portion of the extrapancreatic nerve plexus 

is removed en-bloc with the specimen and the retroper-
ioneal tissues. (b) Lymph node stations removed during 
robotic distal pancreatectomy for cancer
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the harmonic scalpel, but the bowel is not divided 
at this stage, to facilitate rotation around mesen-
teric vessels at the time of reconstruction [2, 12].

Dissection of the posterior margin is facili-
tated by hanging the duodenum using the fourth 
robotic arm. Dissection proceeds from bottom to 
up. The superior mesenteric artery is identified 
distally and dissection proceeds proximally along 
the periadventitial plane until the right diaphrag-
matic crus is reached. Pancreaticoduodenal arter-
ies are ligated or clipped. Also large lymphatics 
are preferentially ligated or clipped. The use of 
energy devices is avoided as much as possible 
during this phase.

The specimen is eventually removed in an 
endoscopic bag through a small transverse supra-
pubic incision [2, 12].

In the presence of limited vein involvement, 
segmental resection and reconstruction of the 
superior mesenteric/portal vein may be per-
formed. In these patients, the specimen is fully 
mobilized from the retroperitoneal margin with-
out attempting any dissection in the area with 
suspected tumour abutment. In many patients an 
end-to-end reconstruction is not feasible, 
because a Cattell-Braasch maneuver cannot be 
performed and because of the reverse 
Trendelenburg position. In these patients we pre-
fer to use the left internal jugular vein, as a jump 
graft. Additionally, when the spleno-mesenteric 

12b1

12b2
5

8a

14a

17a

17b

14b
6

12c

13a

13b

12a

9

14d

14c

8p

Fig. 25.6  Lymph node stations removed during robotic 
pancreatoduodenectomy for cancer. Within the white 
ovoids are depicted the lymph nodes usually removed en-
bloc with the specimen. Within the black ovoids the addi-
tional lymph nodes removed when dealing with cancer

a b

Fig. 25.7  Extrapancreatic nerve plexus and mesopan-
creas in resection of the head of the pancreas. (a) PLX1 
and PLX2 depicts the two portions of the extrapancreatic 
nerve plexus that make up most of the mesopancreas. (b) 
Specimen from robotic pancreatoduodenecromy. The 

black shaft represents the superior mesenteric/portal vein. 
The margins of the mesopancreas, looping behind the 
superior mesenteric/portal vein, are highlighted by a dot-
ted line
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junction is included in the resection, we always 
prefer to reinsert the splenic vein. Once all the 
vessels are clearly exposed, the vessels are cross-
clamped using laparoscopic bulldog clamps. The 
superior mesenteric artery is also crossclamped 
to reduce bowel congestion. No intravenous hep-
arin is given. Reconstruction is carried out as in 
the open operation, but 6/0 expanded polytetra-
fluoroethylene is preferred to polypropylene 
because it is more resistant to robotic needle-
driver manipulations. Two sutures of approxi-
mately 15 cm in length are used, and the posterior 
row of each anastomosis is sutured from within 
the lumen. When closing the sutures, attention is 
paid to avoid the “purse string effect”, by leaving 
a small growth factor. Before the last suture is 
tied, the reconstructed vein segment is flushed 

with heparinized saline solution using a Bracci’s 
catether. The clamp placed cranially on the por-
tal vein is released first, so that the integrity of 
the vascular anastomoses can be checked at a 
lower pressure. Bleeding sites are addressed, as 
required, and all the clamps are released.

Each vascular anastomosis requires approx-
imately 10 min. In order to minimize the time 
of complete cross-clamping of splancnic 
venous flow, the splenic vein and the portal 
vein are not occluded during the construction 
of the proximal anastomosis on the superior 
mesenteric vein. To avoid the obstacle of an 
additional bulldog clamp, we prefer to occlude 
the superior mesenteric vein distal to the anas-
tomotic site using a Hem-o-lok® clip of appro-
priate size (Fig. 25.8) [13].

a b

c d

Fig. 25.8  Vein resection and reconstruction during 
robotic pancreatoduodenectomy. (a) Segmental resection 
of superior mesenteric vein, following an artery first 
approach to the superior mesenteric artery. Note that the 
superior mesenteric artery is cross-clamped, and that the 

flow towards the liver is not totally obstructed (arrows). 
(b) The resected vein segment is reconstructed using a 
jump graft. (c) Construction of the distal anastomosis. (d) 
Reconstruction completed
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Reconstruction is performed on a single bowel 
loop. Before proceeding with anastomoses, the 
window behind the mesenteric vessels is closed 
by anchoring the jejunum and its mesentery to 
the peritoneum covering the infrarenal aorta. The 
pancreas stump is first anastomosed to the jeju-
num. In most patients we use a pancreatojejunos-
tomy, but all types of reconstructions can be 
carried out under robotic assistance. The decision 
to perform an invaginating or a duct-to-mucosa 
anastomosis is taken as required in the individual 
patient. Recently, we have adopted a modified 
Blumbgart technique. If the duct is not large (i.e. 
≤4 mm), we prefer to use an internal stent [2, 12].

When the pancreas is deemed at an exceed-
ingly high risk for severe post-operative pan-
creatic fistula, especially if the patient is frail, 
we prefer to avoid the pancreatic anastomosis 
by creating a pancratico-cutaneous fistula, 
using a Bracci’s catheter of suitable caliber 
threaded back into the Wirsung duct and 
brought outside through a small stab wound 
(Fig.  25.9). Finally, in the occasional patient 
with severe parenchymal atrophy of the pancre-
atic remnant the duct can be occluded without 
any type of drainage [12].

Hepaticojejunostomy is performed next end-
to-side, approximately 7–10 cm downstream the 
pancreatojejunostomy, in a double layer, using 
half running sutures of 6/0 or 5/0 polydioxanone. 
The duodenojejunostomy or gastrojejunostomy 
is done in two layers 10–15 cm downstream from 
the hepaticojejunostomy [2, 12].

At the end of the procedure the round liga-
ment of the liver is mobilized and used to wrap 
the hepatic artery and to protect the stump of the 
gastroduodenal artery (Fig. 25.10) [12].

Three 14-Fr pig-tail catheters are placed and 
left to drain by gravity. One drain is placed in the 
Morrison’s pouch, behind the hepaticojejunos-
tomy. The other two drains are placed in front 
and behind the pancreato-jejunostomy, respec-
tively. The drain running behind the pancreatoje-
junostomy is positioned through a small dedicated 
incision, placed between robotic ports 1 and 3 on 
the left flank. This drain is placed immediately 
after completion of the posterior layer of the pan-
creatojejunostomy, because at this stage it can be 
easily passed through the tunnel between the 
anastomosis and the superior mesenteric/portal 
vein [12].

25.7.4	 �Total Pancreatectomy

The technique for robotic total pancreatectomy 
merges the techniques described for pancreato-
duodenectomy and distal pancreatectomy. In 
some patients, the operation begins as a pancre-
aticoduodenectomy, and is converted to total pan-
createctomy because of intraoperative findings 
and/or of frozen section histology.

Fig. 25.9  Protection of the hepatic artery, and the stump 
of the gastroduodenal artery, with the round and falciform 
ligaments of the liver that are mobilized and wrapped 
around the artery (shown within the circle)

Fig. 25.10  Creation of a pancreatico-cutaneous fistula, 
in fragile patients with soft and fatty pancreas, and thin 
pancreatic duct. A catheter is threaded back into the main 
pancreatic duct and brought outside the abdominal wall 
through a small stab wound. Large vessels are protected 
using the round and falciform ligaments (not shown), and 
one or two drains are placed near the pancreatic stump 
(not shown)
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There are a couple of tips that can make this 
operation easier. First, when the spleen and the 
splenic vessels are planned for resection, the left 
gastric vein should be spared to avoid gastric 
venous ischaemia. Earlier identification of the 
left gastric vein is hence suggested. In some 
patients the course of the left gastric vein can be 
defined on preoperative computed tomography. 
The ideal configuration is a confluence into the 
portal vein (type 1 anatomy). When the conflu-
ence is in the splenic vein (type 2 anatomy), spar-
ing the left gastric vein requires also preservation 
of a segment of splenic vein. Second, until the 
left pancreas is fully mobilized, the duodenum 
(or the stomach) should not be divided to avoid 
retraction of the stomach in the left upper quad-
rant, that complicates subsequent dissection of 
the distal pancreas.

It is also worth to note that despite the large 
operative field, spanning the entire upper abdo-
men, repositioning of the patient and redocking 
of the dVss is not usually required [14].

25.8	 �Results

Laparoscopy is increasingly used for resection of 
left-sided pancreatic tumors [18] and, after many 
years of gestation, is gaining momentum also for 
pancreatoduodenectomy [19].

At many high volume centers laparoscopy is 
conveniently employed in most patients undergo-
ing distal pancreatectomy [7, 18]. Concerns on 
oncologic radicality, especially for pancreatic 
cancer, are also fading away although final undis-
puted evidence is not available yet [18]. In the 
setting of distal pancreatectomy the advantages 
of robotic assistance may be less immediately 
evident, because no reconstruction is needed. A 
recent meta-analysis showed that robotic distal 
pancreatectomy, when compared to laparoscopic 
distal pancreatectomy, is associated with longer 
operating time, lower estimated blood loss, a 
higher spleen-preservation rate, and shorter hos-
pital stay. There was no difference between the 
procedures in transfusion, conversion to open 
surgery, R0 resection rate, number of examined 
lymph nodes, overall complications, severe com-
plications, pancreatic fistula, clinically relevant 

pancreatic fistula, stay in the intensive care unit, 
total cost, and 30-day mortality [20].

In robotic pancreatoduodenectomy the advan-
tages of robotic assistance are expected to be 
more compelling, because of the more challeng-
ing dissection and the need for complex digestive 
reconstructions. So far, however, most informa-
tion refer to laparoscopic pancreatoduodenec-
tomy because this procedure was pioneered by 
laparoscopic surgeons [19]. Other factors that 
have limited a wider diffusion of robotic assis-
tance in pancreatoduodenectomy are the higher 
costs of robotics [6] and the often limited acces-
sibility to the system, that is typically used in 
busy urology and gynecology practice. The only 
comparative study between laparoscopic and 
robotic pancreatoduodenectomy was published 
very recently by Liu et al. [21]. In this study 27 
patients underwent robotic pancreatoduodenec-
tomy and 25 laparoscopic pancreatoduodenec-
tomy. Patients were selected for the two 
approaches based on patient preference. The sur-
gical team had completed the learning curve for 
both procedures and the two groups were compa-
rable. The use of robotic assistance resulted in 
shorter operative time (387  ±  58 vs. 442  ±  96; 
p = 0.015), lower estimated blood loss (219 ± 126 
vs. 334 ± 175; p = 0.01), and shorter length of 
hospital stay (17 ± 5 vs. 24 ± 13; p = 0.012) [21]. 
A summary of results achieved robotic pancre-
atoduodenectomy is provided in Table  25.2. 
Interpretation of these data is not always straight-
forward as not all authors used the same criteria 
to define and report outcome metrics.

In the author experience, the use of robotic 
assistance allowed pancreatoduodenectomy to be 
performed without any compromise on surgical 
technique. Indeed, the ability of throwing sutures 
and tying knots is unchanged from open surgery. 
Actually, when a suture has to be placed in a very 
deep and narrow space the use of a robotic arm 
may enhance precision and elegance, as demon-
strated, for instance, by the excellent results 
achieved in urologic reconstruction after radical 
prostatectomy. In the most recently updates expe-
rience of the authors, only 3 of 112 consecutive 
robotic pancreatoduodenectomies (2.6%), includ-
ing the learning curve, had to be converted to 
open surgery. None of these conversions was 

25  Robot Assisted Partial Pancreatectomy and Duodenopancreatectomy



274

Ta
b

le
 2

5
.2

 
R

ep
or

te
d 

ou
tc

om
es

 f
or

 r
ob

ot
ic

 p
an

cr
ea

to
du

od
en

ec
to

m
y

A
ut

ho
r

Y
ea

r, 
[R

ef
.]

C
as

es
L

O
Sa  (

da
ys

)
O

R
 ti

m
ea  (

m
in

)
E

B
L

a  (
m

L
)

C
on

ve
rs

io
n 

(%
)

PO
PF

 (
%

)
M

or
bi

di
ty

 (
%

)
M

or
ta

lit
yb  (

%
)

G
iu

lia
no

tti
 

(I
ta

ly
)

20
10

 
[2

2]
36

28
.7

 (
10

–8
5)

40
0.

5 
(2

40
–6

00
)

25
0 

(1
00

–6
00

)
25

.0
%

36
.1

%
N

A
5.

5%

G
iu

lia
no

tti
 

(U
SA

)
20

10
 

[2
2]

24
12

.5
 (

5–
30

)
45

2 
(3

00
–5

47
)

43
3 

(8
0–

60
0)

8.
3%

25
.0

%
N

A
4.

1%

N
ar

ul
a

20
10

 
[2

3]
8

9.
6

42
0.

0 
±

 3
60

–5
10

N
A

37
.5

%
N

A
N

A
N

A

Z
ho

u
20

11
 

[2
4]

8
16

.3
 ±

 4
.1

71
8.

7 
±

 1
86

.6
15

3.
7 

±
 4

3.
4

0
25

.0
25

.0
%

0

C
ha

lik
on

da
20

12
 

[2
5]

30
9.

79
47

6
48

5
10

%
6.

6%
30

.0
%

3.
3%

L
ai

20
12

 
[2

6]
20

13
.7

 ±
 6

.1
49

1.
5 

±
 9

4
24

7 
(5

0–
88

9)
5.

0%
35

.0
%

50
%

0

Z
ha

n
20

13
 

[2
7]

16
23

.1
47

9.
7 

±
 1

11
.5

63
3.

8 
±

 2
64

.5
0

6.
3%

37
.5

%
8

Z
ur

ei
ka

t
20

13
 

[2
8]

13
2

10
 (

4–
87

)
52

7.
0 

±
 1

03
.0

N
A

6.
0%

12
.8

%
66

.6
%

3.
8%

B
ao

20
14

 
[2

9]
28

7.
4 

(5
.5

–1
7.

1)
43

1 
(3

40
–6

28
)±

10
0 

(5
0–

30
0)

14
.2

%
28

.5
%

N
A

7.
1%

C
he

n
20

15
 

[3
0]

60
20

 ±
 7

.4
41

0 
±

 1
03

40
0

1.
7%

13
.3

%
35

.0
%

1.
7%

L
iu

20
16

 
[2

1]
27

17
.0

 ±
 5

.0
38

7.
0 

±
 5

8.
0

21
9 

±
 1

26
0

14
.8

%
29

.6
%

3.
7%

B
og

gi
20

16
 

[1
2]

11
2

22
.0

 ±
 1

2.
7

52
6.

3 
±

 1
02

.4
N

A
2.

6%
33

.0
%

74
.1

%
3.

6%

To
ta

l
50

1

Se
ri

es
 w

ith
 ≥

5 
ca

se
s 

w
er

e 
co

ns
id

er
ed

. F
or

 e
ac

h 
gr

ou
p 

on
ly

 th
e 

m
os

t r
ec

en
t fi

gu
re

s 
or

 th
e 

la
rg

es
t s

er
ie

s 
w

er
e 

co
ns

id
er

ed
, t

o 
av

oi
d 

du
pl

ic
at

io
n 

of
 d

at
a

R
ef

. r
ef

er
en

ce
, L

O
S 

le
ng

th
 o

f 
ho

sp
ita

l s
ta

y,
 O

R
 o

pe
ra

tiv
e 

ro
om

, E
B

L
 e

st
im

at
ed

 b
lo

od
 lo

ss
, P

O
P

F
 p

os
t-

op
er

at
iv

e 
pa

nc
re

at
ic

 fi
st

ul
a,

 N
A

 n
ot

 a
va

ila
bl

e
a M

ea
n 

or
 m

ed
ia

n
b E

ith
er

 3
0-

 o
r 

90
-d

ay
 m

or
ta

lit
y

U. Boggi and C. Lombardo



275

caused by failure to progress or uncontrollable 
bleeding [12]. Robotic assistance was also used in 
14 patients requiring simultaneous resection and 
reconstruction of the superior mesenteric/portal 
vein [13]. It is worth to note that in 13 of these 14 
patients a segmental vein resection was carried 
out, and that an artery first approach was pursued 
in all patients. It may also be worth noting that the 
rate of margin negativity (R0) in patients with duc-
tal adenocarcinoma was 74%, in case of standard 
resection, and 83% in case of associated vein 
resection. These results were achieved despite six 
margins were assessed and a clearance of 1 mm 
was considered, further focusing on the impor-
tance of methodology when assessing outcome 
parameters. It is also interesting to note the mean 
number of examined lymph nodes, that was 
44.6 ± 11 and 57.2 ± 14.6 in the two procedures, 
respectively [13].

�Conclusions

Robotic pancreatic resections, including pan-
creatoduodenectomy, have a role in the future 
of pancreatic surgery. Safe implementation of 
a program for robotic pancreatic surgery 
requires dedication, caution, and high-vol-
umes. Completion of a program of training 
and proctor supervision for the first cases, are 
both very much recommended (Video 25.1).

As newer robotic platforms are very close 
to marketing, it is hoped that competition will 
result in cost reduction and technology 
improvement.
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Laparoscopic 
Duodenopancreatectomy Step 
by Step: How I Do It

Antonio Talvane Torres de Oliveira, 
Croider Franco Lacerda, Paulo A. Bertulucci, 
and Miguel A. Cuesta

26.1	 �Step by Step: Laparoscopic  
Duodenopancreatectomy  
(Video 26.1)

	 1.	 Positioning of the patient and placement of 
trocars (Fig. 26.1)

	 2.	 Kocher manoeuvre (Figs. 26.2 and 26.3)
	 3.	 Dissection of the superior mesenteric vein 

and the portal vein under the neck of the pan-
creas by opening the infrapancreatic perito-
neum (Figs. 26.4 and 26.5)

	 4.	 Opening the hepatoduodenal ligament
	 5.	 Dissection of the common bile duct. Section 

of the hepatic duct and cholecystectomy 
(Figs. 26.6 and 26.7)

	 6.	 Lymphadenectomy of the hepatic propria 
artery, dissection and ligation of the 
gastroduodenal artery and division of the 
right gastrica artery (Figs. 26.8 and 26.9)

	 7.	 Skeletonizing the distal stomach on both 
sides for distal gastrectomy (Fig. 26.10)

	 8.	 Completing the tunnel of the pancreas at the 
level of resection

	 9.	 Proximal jejunum (short segment) division 
and skeletonizing the short mesentery at the 
side of jejunum (Fig. 26.11)

	10.	 Making a hole in the mesocolon, putting the 
jejunum up on the right side
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	11.	 Division of the pancreas with sealing device 
(Figs. 26.12 and 26.13)

	12.	 Dissection of the uncinate process and attach-
ments of pancreas to the Superior mesenteric 
vein and Portal vein (Figs. 26.14 and 26.15)

	13.	 Resection is finished (Figs.  26.16, 26.17, 
26.18, 26.19)

	14.	 Starting the reconstruction (Fig. 26.20)
	15.	 End-to-end pancreato-jejunostomy (Figs. 26.21,  

26.22, 26.23)
	16.	 End-to-side hepatico-jejunostomy (Figs. 26.24 

and 26.25)
	17.	 Inframesocolic end-to-side gastro-jejunostomy 

(Figs. 26.26 and 26.27)
	18.	 Reconstruction is finished (Fig.  26.28). 

Retrieval of specimen
	19.	 Placing of drains (Videos 26.1 and 26.2)

Fig. 26.3  Complete mobilization of duodeno-pancreas

Fig. 26.4  Dissection of the superior mesenteric vein and 
portal vein, behind the pancreas

Fig. 26.5  Dissection of the SMV behind the pancreas

Fig. 26.6  Division of hepatic duct

Fig. 26.2  Kocher maneuver

A.T.T. de Oliveira et al.
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Fig. 26.7  Division of 
hepatic duct

Fig. 26.8  Ligation of 
the gastroduodenal 
artery

Fig. 26.9  Dissection of 
the hepatoduodenal 
ligament
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Fig. 26.10  Distal gastrectomy

Fig. 26.11  Dissection and resection of 
proximal jejunum

Fig. 26.12  Division of the pancreas
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Fig. 26.13  Division of 
the pancreas

Fig. 26.14  Dissection of uncinate process 
and attachments of the head of the pancreas

Fig. 26.15  Section of 
attachments of the head 
of the pancreas and 
portal vein
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Fig. 26.16  View of the 
portal vein

Fig. 26.17  View of the 
portal vein, left gastric 
vein, superior 
mesenteric vein and 
splenic vein

Fig. 26.18  View of the 
hepatoduodenal 
ligament
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Fig. 26.19  Specimen

Fig. 26.20  Starting reconstruction Fig. 26.21  End-to-end pancreato-jejunostomy
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Fig. 26.22   
Pancreato-jejunostomy

Fig. 26.23   
Pancreato-jejunostomy

Fig. 26.24   
Hepatico-jejunostomy
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Fig. 26.25   
Hepatico-jejunostomy

Fig. 26.26   
Gastro-jejunostomy

Fig. 26.27   
Gastro-jejunostomy
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Fig. 26.28  Final aspect of the reconstruction
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Open or Laparoscopic Liver 
Resection?

Rubén Ciria, Maria Dolores Ayllon,  
Irene Gómez-Luque, and Javier Briceño

27.1	 �Introduction

Liver surgery is complex and technically demand-
ing. A teamwork consisting in experienced sur-
geons and well-trained anaesthesiologists is 
mandatory to achieve optimal results. Expertise 
teams have incorporated minimally invasive 
techniques to their liver surgery armamentarium 
and now, it is a well-established approach for sev-
eral indications. Since the first laparoscopic left-
lateral sectionectomies in 1996 [1, 2], the 
progression of laparoscopic liver resections has 
been exponential and now, complex liver resec-
tions, major hepatectomies, sequential proce-
dures and even living donation are being 
performed laparoscopically. We will provide an 
overview of indications, advantages and techni-
cal considerations of this approach.

27.2	 �Modalities of Minimally 
Invasive Liver Surgery

On November 2008, the first International 
Consensus Conference on Laparoscopic Liver 
Surgery was held in Louisville [3]. Forty-five 
experts in hepatobiliary surgery were invited to 
discuss the status of laparoscopic liver surgery. In 
this meeting, three modalities of laparoscopic 
liver procedures were defined: Pure Laparoscopy, 
Hand-assisted Laparoscopy and the Hybrid 
technique.

•	 Pure Laparoscopy. All the procedure is 
totally completed by laparoscopic approach. It 
involves a complete mobilization of the liver 
and the resection of the specimen under lapa-
roscopy. Only a small incision for specimen 
extraction is performed. Although it was not 
commonly used at the beginning of minimally 
invasive liver procedures, it is the most com-
monly used approach nowadays.

•	 Hand-Assisted Laparoscopy. A hand port 
device is placed electively to introduce one 
hand into the abdominal cavity, for the pur-
pose of assisting the laparoscopic procedure, 
either for mobilization or resection. This 
incision is also used for specimen extraction. 
Its advantages are: possibility to have tactile 
feedback, to facilitate mobilization or ability 
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to compress liver in case of an eventual vas-
cular injury. On the contrary, this approach 
requires a larger incision, higher risk of 
hand-port incisional hernia, greater post-
operative pain and many times interferes 
with trocars. When the placement of a hand 
port is unplanned and occurs during a pure 
laparoscopic procedure, it should be called 
“pure laparoscopy with hand-port conver-
sion”. This could happen either because of a 
complication in the course of  an operation, 
such as bleeding, or not technical 
progression.

•	 Hybrid Laparoscopy. It refers to a combined 
procedure, in which the operation starts as a 
laparoscopy, pure or hand-assisted, but the 
main procedure is completed through a mini-
laparotomy incision. Generally, the mobiliza-
tion is carried out using pure laparoscopic 
approach  and then, the resection and extrac-
tion are performed through an abdominal inci-
sion that is smaller than the standard one used  
for conventional open hepatectomy [4].

Pure laparoscopy is the most commonly used 
technique worldwide, but there are geographical 
differences, and many centres use a combination 
of the previously reported variations in selected 
cases. There are no data that suggest the superior-
ity of any to the others; however the two last tech-
niques are claimed by their supporters to be 
beneficial for large and/or posterior  lesions, 
donor hepatectomy and for the training of sur-
geons in major laparoscopic liver resections [4]. 
Another advantage is that, theoretically, these 
methods can decrease the frequency of conver-
sion to a full open incision. These techniques 
have been attempted to bridge the gap between 
open and conventional total laparoscopic 
approach. The use of each modality seems to be 
at the preference of the surgeon with scarce data 
that directly compares the techniques in matched 
patients. Hand-assisted laparoscopy is used more 
commonly in EEUU, versus Europe or Asia, 
where pure laparoscopy is more frequent.

There are less common techniques, such as 
thoracoscopic approach, that may be a good 
option for tumours located in segments VII or 
VIII, especially those fully covered by the cos-
tal cage. In addition, all these techniques can 
be completed with robotic assistance. Robotic 
technology can overcome conventional lapa-
roscopy, mainly in the most complex cases. 
This technique allows precise dissection, fine 
lymphadenectomy and biliary reconstruction 
even with small bile ducts and easier bleeding 
control [5]. It has been suggested that the 
learning curve of minimally invasive liver sur-
gery is easier with the robotic approach, how-
ever is not widely utilized because of its high 
cost.

27.3	 �Technical Considerations 
in Minimally Invasive Liver 
Surgery

27.3.1	 �Anaesthesia

The technique for anaesthetic management dur-
ing laparoscopic hepatectomy requires a strict 
and continuous monitoring. It is mandatory to 
keep central venous pressure (CVP) low (<5 
mmHg) and maintain a urine output of 25 mL/h. 
One of the main advantages of laparoscopic 
liver surgery is the reduced amount of intraop-
erative blood loss and lower need of postopera-
tive transfusions [6]. The main strategies to 
keep CVP low are strict fluid restriction, diuret-
ics, the use of epidural anaesthesia (generating 
a splanchnic vasodilation, high doses of propo-
fol and, less commonly, prostacyclin (0.05 mg/
kg/min). After the specimen is removed, crys-
talloid fluids should be administered intrave-
nously to achieve euvolemia [7]. The aggressive 
fluid restriction needed for liver surgery could 
be considered a risk factor for postoperative 
kidney dysfunction. However, a large analysis 
over more than 2000 cases, reported that bio-
chemical alterations in eGFR are transient in 
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the vast majority of patients after low-CVP-
assisted hepatectomy and their clinical impact 
is limited. Less than 1% of the patients devel-
oped postoperative clinically relevant acute 
kidney injury [8].

It has been speculated that the risk of venous 
gas embolism is increased during liver paren-
chymal transection; furthermore, this risk may 
be increased with positive pressure carbon diox-
ide (CO2) pneumoperitoneum (PP) and exacer-
bated when low central venous pressure 
anaesthesia is used to minimize haemorrhage 
during liver resection. Very recently, Jayaraman 
et  al. demonstrated on an experimental pigs 
model that Carbon dioxide embolism happened 
in about 75% of the cases. However, the major-
ity of gas emboli were small gas bubbles associ-
ated with dissection of the major hepatic veins. 
Of the 19 animals, 18 experienced no significant 
hemodynamic changes, with only one pig in the 
positive gradient group experiencing hypoten-
sion in relation to gas embolism. The effects 
were only transient and did not preclude safe 
completion of the operation [9]. The largest 
published experience in humans demonstrated 
only one episode of CO2 embolism, which 
caused transient hemodynamic instability, in a 
series of 335 resections [10]. This is different to 
gas emboli with the use of argon plasma. By 
using argon, the risk of embolism is higher with 
a rapid increase in the intraperitoneal pressure 
because argon is 17 times less soluble than 
CO2 in the blood.

27.3.2	 �Surgical Strategies

Laparoscopic liver resections need to be carefully 
planned. Basic equipment for a proper minimally 
invasive liver surgery should include:

•	 Surgical surface coagulation device. High-
energy fulguration should be avoided; instead, 

soft coagulation with saline to obtain a coagu-
lation of the liver surface rather than a carbon-
ization is strongly advisable

•	 Vessel sealing device. There are a several 
instruments available for this purpose. In our 
opinion, automated sealing devices are reli-
able for intrahepatic vessels.

•	 Staplers. Usually needed to section hilar plate, 
large hepatic veins or main portal vein 
branches.

•	 Dissection devices. Further than the first two 
superficial centimetres, careful dissection 
should be carried out to identify intrahepatic 
structures and avoid vessel damage or burn to 
bile ducts. Both traditional Kelly-clamp dis-
section and ultrasonic devices should be 
used.

Two main technical approaches may be con-
sidered in the laparoscopic surgery of the liver: 
the hilar or the Glissonian approach [11]. As 
reported in the Second International Consensus 
Conference in Laparoscopic Liver Resections 
that was held in Morioka in 2014 [4], “in the 
case of right or left hepatectomy, hilar dissec-
tion with individual vessel preparation is a stan-
dard practice”. Although “the Glissonian 
approach serves as an important alternative 
when applied appropriately”, potential compli-
cations regarding the risk of injury or stenosis to 
the contralateral hepatic duct were raised. Thus, 
it was agreed that “only surgeons experienced 
with this technique should use it”. According to 
the recommendations from the Morioka 
Conference, our standard technical approach for 
major hepatectomies is the hilar approach 
(Table  27.1). Our standard approach for liver 
resections follows the positioning of patient and 
trocars in “Japanese position”. They are depicted 
in Figs. 27.1 and 27.2. Our standard procedures 
for left lateral sectionectomy and left hepatec-
tomy are described in Videos 27.1 and 27.2, 
respectively.

27  Open or Laparoscopic Liver Resection?
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Table 27.1  Standard technical steps in most common laparoscopic liver resections

Non-anatomical 
minor resection

Left lateral 
sectionectomy Left hepatectomy Right hepatectomy

Step 1 Mobilization of 
liver

Mobilization of left 
liver

Mobilization of left liver Placing Pringle

Step 2 Placing Pringle Placing Pringle Left hanging maneuver Cholecystectomy

Step 3 Surface transection 
with sealing device

Parenchymal 
transection to the left 
of falciform ligament

Section left hepatic artery Section right hepatic artery

Step 4 Deep transection 
with dissection 
device

Identification space 
between left hilar plate 
and left hepatic vein

Section left portal vein 
(identify RPV)

Section right portal vein

Step 5 Stapling left hilar plate Placing Pringle Transection of segment I

Step 6 Stapling left hepatic 
vein

Section of left bile duct Parenchymal transection 
above and below right bile 
duct

Step 7 Parenchymal transection Section right bile duct

Step 8 Mobilization left lobe 
from segment I

Completion transection 
anterior to lower vena cava

Step 9 Section left hepatic vein. Section right hepatic vein

Step 10 Mobilization right liver

Fig. 27.1  Position of the patient and placement of the 
trocars in laparoscopic liver surgery for left and anterior 
segments

Fig. 27.2  Position of the patient and placement of the 
trocars in laparoscopic liver surgery for postero-superior 
segments
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27.4	 �Current Status 
of Laparoscopic Versus Open 
Liver Surgery:

27.4.1	 �Hepatocellular Carcinoma

Hepatocellular Carcinoma (HCC) is the most 
common primary malignant liver lesion. HCC is 
the sixth most common malignancy worldwide 
and the third leading cause of death. Its incidence 
varies according to geographical areas and tem-
porality. Risk factors associated with the devel-
opment of HCC, besides the HCV and HBV 
infection, are alcohol abuse, Aflatoxin B1, smok-
ing and excessive alcohol consumption among 
others [12].

Laparoscopic approach in liver resections for 
HCC has increased in recent years, thanks to the 
development and improvement in the learning 
curve and the advances of surgical devices and 
instruments. Laparoscopic left lateral sectionec-
tomy and minor laparoscopic liver resection are 
now considered standard approaches, particularly 
for tumors located in the anterolateral segments 
of the liver. Xiao et al. reported, by a case control 
study, that laparoscopic resection for patients 
with HCC in posterosuperior segments may also 
offer the same oncologic outcomes than conven-
tional procedures, being associated with advan-
tages as lower blood loss, fewer complications 
and shorter hospital stay [13]. In a recent case 
control study with propensity score matching by 
Sposito et al. [14] over 269 patients undergoing 
minor liver resection, blood loss and need of 
transfusions was similar in patients undergoing 
laparoscopic and open liver resection. 
Postoperative morbidity was significantly lower 
in the laparoscopic group (p = 0.004) as less asci-
tes, less infection, less chest complications, less 
pleural effusion and less abdominal wall compli-
cations. In general, patients in the open resection 
group had significantly longer hospital stay than 
laparoscopic patients (p < 0.001). Sposito reported 
that the use of laparoscopy was the only indepen-
dent factor that reduced the risk of postoperative 
complications (OR = 0.12; [0.03–0.55] p = 0.006).

Regarding major hepatic resection (LMH) for 
HCC patients, there are several studies with a 
small number of patients. A recent case-control 

study from Komatsu et al. [15], on patients who 
underwent major liver resection, reports that the 
overall complication rates were significantly 
higher in the open group than in the laparoscopic 
group (p = 0.011). They did not find significant 
differences on intraoperative blood loss, blood 
transfusion and pedicle clamping rates. In the lap-
aroscopic group the surgical time was significantly 
longer than in the open group (p < 0.001). 
Regarding hospital stay, the laparoscopic group 
showed a trend towards shorter, but it did not reach 
statistical significance. Komatsu concluded that 
the short-term results and oncological outcomes in 
the  laparoscopic group are superior compared 
with the open group. The technical principles of 
LMH are based on the anterior approach of Liu 
et  al., involving initial vascular inflow control, 
completion of parenchymal transection, and com-
plete venous outflow control, before the liver is 
mobilized. This technique shows the effectiveness 
of LMH by an anterior approach for HCC cases 
due to meticulous dissection enabled by laparo-
scopic magnification and the excellent view of the 
retrohepatic to hepatocaval space.

Regarding long-term and oncological results, 
tumour margins are similar in both groups. In 
some studies it was significantly wider in LLR 
than OLR; this may be explained because tumour 
size in the OLR group tends to be larger and usu-
ally closer to vessels and hepatic pedicle. Overall 
survival and disease-free survival rates are simi-
lar in both groups. In different studies disease-
free survival seems to be better in LLR group 
than in OLR.  This may be because patients in 
LLR group have smaller tumour size and, thus, 
microscopic vascular invasion was more frequent 
in the OLR group. A selection bias may be pres-
ent in these results, as all of them arise from non-
randomized studies [16]. Major advantages of 
LLR are the rapid recovery and the shorter hospi-
tal stay, less postoperative pain, and lower inci-
dence of postoperative liver failure and ascites 
(due to the maintenance of the parietal circula-
tion and less liver manipulation). Long-term out-
comes and survival and disease-free survival 
rates are similar in both groups. The last 
meta-analysis reported by Twaij et al. [17] sug-
gests that LLR for HCC in cirrhotic patients is 
safe and may offer improved patient outcomes.
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27.4.2	 �Colorectal Liver Metastases

The liver is the most common site of metastatic 
disease from various primary malignancies. The 
most frequent ones are liver metastases of 
colorectal origin (CRLM). Currently, liver resec-
tion is a treatment option with curative potential 
that may increase survival in these patients [18]. 
Although two-thirds of patients with CRLM have 
extrahepatic disease, some patients have liver-
only limited disease. Among other potential 
treatment strategies, such as ablation therapies 
(alcoholic instillation, radiofrequency), intraarte-
rial chemotherapy and radiotherapy, surgical 
resection is the only one that is associated with 
increased survival [19].

Metastatic liver disease can occur in two dif-
ferent moments, metachronous and synchro-
nously. The development of high technology and 
new surgical instruments has allowed the imple-
mentation and progress of minimally invasive 
surgery in this disease. Open resection is an 
effective treatment for CRLM offering a 5-year 
survival between 16 and 74%. The CRLM resec-
tion by laparoscopic approach is proposed as a 
feasible and safe method carried out in special-
ized centers that could offer several  advantages 
over the open approach. 

Regarding the short-outcomes, a meta-
analysis from  Zhou et  al. showed that rate of 
blood loss, need of transfusion and hospital stay 
were lower than in the laparoscopic group [20]. 
In this study, patients in laparoscopic group 
also had lower morbidity (21.1% vs 33.7%; p = 
0.003). The postoperative mortality was not dif-
ferent. Luo et al. reported similar results [21] in 
a systematic review over 624 patients, detecting 
a lower incidence of postoperative complications 
(RR = 0.647[CI 0.477-0.877]; P = .005) and sim-
ilar mortality (RR = 0.625[CI 0.12-3.25] P = 
.576). Less blood loss and less need for transfu-
sion were also found in laparoscopic patients, 
whereas comparable operative time and length 
of hospital stay were reported in both groups.

From the oncological perspective, there are sev-
eral studies that report wider surgical margins in 
the laparoscopic approach. Zhou et al. [20] showed 
higher rates of negative margin resection  in the 
laparoscopic than in the open group (93.7% vs. 

84.4%; P = 0.001). Luo et al. reported a lower inci-
dence of R1 resection in the laparoscopic group 
(RR = 0.357 [0.180-0.708]; P = .003). The prob-
lem of not having the tactile sensation may be 
hypothesised as a risk in the laparoscopic approach. 
However, magnified view and the use of intraop-
erative ultrasound, equals or may even improve the 
resection margins in these patients.

No randomized studies have been published to 
date that may  confirm comparable oncological 
outcomes between laparoscopic and open 
approach. Synchronous CRLM represent proba-
bly a more aggressive and worse prognosis 
tumour biology. The therapeutic strategy is deter-
mined by the symptoms that cause the primary 
tumour. At the moment, there is no consensus on 
whether simultaneous surgery could be consid-
erer as a  better  strategy than the sequential 
approach, but it is an option that could provide 
better quality of life and lower costs. There are 
several recent main comparative reports [22–24] 
suggesting that simultaneous laparoscopic 
approach is technically feasible, safe and associ-
ated with similar short- and long-term outcomes 
compared to open surgery. Ratti et  al. [23] 
reported a lower overall risk of complications, 
include anastomotic leak. In one recent study, 
Ferreti et al. [25] reported a case series with 142 
patients who underwent laparoscopic combined 
resection in which Pringle’s manoeuvre, length 
of hospital stay, ASA score and global operative 
time were independent predictors of postopera-
tive morbidity.

27.4.3	 �Benign Tumours

It is well known that laparoscopic surgery offers 
many benefits with a direct impact on patient 
recovery. The inflammatory response following a 
laparoscopic procedure is less severe, allowing 
for faster healing, fewer complications, and a 
shorter hospital stay [6]. All these benefits are 
even higher in benign pathologies, since the other 
option through open surgery requires big inci-
sions like Chevron, Mercedes or “in J” incision.

At the beginning of the minimally invasive 
liver surgery, up to 30–60% of resections in some 
series were for benign lesions. In 2007, a system-
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atic review was published, where nearly half of 
surgeries were done for benign lesions [26]. After 
that, stabilization in the number of procedures for 
benign disease was observed. The experts agree 
that there is no reason to modify the management 
of patients with benign liver tumours based on 
the availability of minimally invasive surgery. 
Therefore, laparoscopy should not widen the 
indications for resection of benign lesions [10]. 
The most common benign liver tumours include 
haemangiomas, focal nodular hyperplasia and 
hepatocellular adenoma. These lesions are fre-
quently found incidentally as a consequence of 
the widespread use of imaging test [27]. Their 
indications for surgery are limited, and they may 
be treated laparoscopically whenever possible by 
capable surgeons with adequate experience.

27.4.4	 �Living Donation

The most complex evolution of laparoscopic liver 
surgery is living donation. Although complex, the 
potential benefits to donors range from a faster 
recovery, as well as the almost absence of would 
complications and postoperative incisional 
hernias.

Two recent meta-analyses [28, 29] published 
in 2015 reported discordant results (but never 
favourable to open approach) regarding blood 
loss, hospital stay and operation time. In both of 
them, the rate of complications was lower in 
the  laparoscopic approach. The statistics, meth-
odology and bias assessment were excellent; 
however, there was a common bias in both of 
them, because the statistics were done using 
comparative series in which hybrid and pure lap-
aroscopic procedures were combined and differ-
ent grafts were mixed. Similarly, comparative 
studies and case series, had the same method-
ological problems, joining full laparoscopic and 
hybrid procedures, insufficient description of 
management of middle hepatic vein in left lobes, 
analyses of left lobes and left lateral sectors 
(LLS) together, cumulated experience biases, 
insufficient report of complications and satisfac-
tion scales not validated.

Evidence regarding the use of left lateral sec-
tors has two main comparative reports [30, 31] 

with 16 and 11 cases, respectively. Besides, 
recent series from [32–34], confirm the spread of 
this approach. The minimally invasive technique 
for the harvesting of LLS for LDLT seems feasi-
ble, has fewer complications than open approach 
and is safe. Troisi reported and interesting analy-
sis of four cases using laparoscopic-harvested 
LLS for adult liver transplant (previously calcu-
lated small-for-size) [35].

Regarding left lobes, only Marubashi reported 
in 2013 a specific matched analysis of 31 hybrid 
cases versus 79 pure open cases [36]. An interest-
ing CT scan “right portal vein” distance was 
reported as a risk factor of prolonged operating 
time. Physical recovery was improved in hybrid 
procedures versus open. In 2006, Kurosaki 
reported a “video-assisted” analysis in which most 
of the cases were left lobes  and need of epi-
dural analgesia was shorter [37]. Samstein reported 
a matched series of 22 laparoscopic (17 LLS and  
5 Left lobes) versus 20 open cases showing equiv-
alent results for both techniques [38].

Regarding right lobe grafts for LDLT, Makki 
and Zhang in 2014, Ha in 2013 and Baker in 
2009 reported the best-matched and highest qual-
ity analyses [39–42]. All these comparative series 
were performed with  hybrid procedures. All 
comparisons demonstrated similar results with 
no-inferiority results. Recent series show less 
postoperative pain and fewer incision-related 
complications. Besides, Makki reported 
improved quality of life in a well-assessed score. 
For full laparoscopic right lobe grafts, Takahara 
reported a comparative analysis in 2015 with six 
cases (three right lobes and three left lobes), 
showing its safety, increased operating time and 
significantly less blood loss [43]. Very recently, 
Rotellar has reported the first comparative analy-
sis of 5 full laparoscopic right-lobe living donors 
compared with the previous 10 consecutive 
open cases [44]. In this study, Rotellar reported 
only two Clavien-Dindo Grade-I complications 
in the laparoscopic group, while open patients 
had ten Grade I, two Grade II and one Grade IIIa 
complications in the short-term period  (<3 
months). In the long-term setting (6–12 months 
follow-up), they also reported a significant ben-
efit of laparoscopic approach (CCI: 1.74 vs 15.2; 
p = 0.0059).
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27.5	 �Fast-Track and Enhanced 
Recovery After Surgery 
in Laparoscopic Approach 
Versus Open Liver Resection

Liver surgery has traditionally been considered 
as major surgery, and liver resections as high-
risk procedures undertaken in specialist centres. 
There are few published data for intended 
enhanced recovery after liver resection. 
Recently, Schultz et  al. reported excellent 
results in a prospective analysis of their fast-
track program for liver resections including 
both open and laparoscopic approaches. Median 
length of stay for all patients was 5 days, with 2 
days after laparoscopic versus 5 days following 
open resection [45]. The readmission rate was 
6% and 30-day mortality was zero. In their 
study, all laparoscopic resections (N = 13) were 
minor ones. In our own experience, we have an 
aggressive fast-track program (discharge in less 
than 2 and 3 days for minor and major resec-
tions, respectively) and a super-fast track pro-
gramme (discharge in less than 1 and 2 days for 
minor and major resections, respectively). From 
our analysis, almost 30% and 50% could be 
included in these super-fast-track and fast-track 
programs, respectively. Only two patients 

needed readmission due to non-biliary collec-
tions [46]. Our protocols are depicted in Tables 
27.2 and 27.3.

Table 27.3  Fast-track perioperative protocol in major liver resections

Major resections. Perioperative protocol

Day −1
Day 0 
(presurgery)

Day 0 
(postsurgery)

Day 0 
(postsurgery)

Day +1
Day +2

Admission Surgery Intermediate care 
unit

Ward Ward Ward

Furosemide 20 mg iv 
(11.00 pm)

Furosemide 
40 mg iv (8.00 
am)

Admission blood 
and gas analysis

Clear fluid +6 h Blood + gas 
7.00 am

Blood + gas 
7.00 am

Urinary 
Catheterization

Central venous 
and arterial 
lines

Continuous 
monitoring

Progression 
normal fluids 
and yoghourt

Start solid 
intake

Full solid 
intake

Clear fluids CVP < 5 
mmHg

Lactate 
monitoring

Stand up and 
walk

Abd palpation Abd palpation

Stop oral intake 
00.00

Epidural 
catheter

Water intake 
+2–3 h

Respiratory 
exercises

± Ultrasound ± Ultrasound

500 Saline iv during 
night

Propofol 
infusion

Removal epidural 
catheter

Family needed Blood + gas 
6.00 pm

Discharge

Manitol iv Discharge to 
Ward +3–5 h

Blood + gas 
10.00 pm

Table 27.2  Fast-track perioperative protocol in minor 
liver resections and left lateral sectionectomy

Minor resections and left lateral sectionectomy. Perioperative 

protocol

Day −1

Day 0 

(presurgery)

Day 0 

(postsurgery)

Day 0 

(postsurgery) Day +1

Admission Surgery Intermediate 

care unit

Ward Ward

Furosemide 

20 mg iv 

(11.00 pm)

Furosemide 

40 mg iv 

(8.00 am)

Admission 

blood and 

gas analysis

Clear fluid 

+6 h

Blood + 

gas 7.00 am

Urinary 

Cathe

terization

Central 

venous 

and 

arterial 

lines

Continuous 

monitoring

Progression 

normal 

fluids and 

yoghourt

Start solid 

intake

Clear 

fluids

CVP  

< 5 mmHg

Lactate 

monitoring

Stand up 

and walk

Abd 

palpation

Stop oral 

intake 

00.00

Epidural 

catheter

Water 

intake 

+2–3 h

Respiratory 

exercises

± Ultrasound

500 

Saline iv 

during 

night

Propofol 

infusion

Removal 

epidural 

catheter

Family 

needed

Discharge

Manitol iv Discharge 

to Ward 

+3–5 h
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Conclusions

Minimally invasive liver surgery can now be 
considered a standard of practice in several 
resections. It has clearly proven that, in experi-
enced hands, may offer better short-term out-
comes with similar long-term outcomes. 
However, surgeons who are willing to perform 
proper laparoscopic liver resections need full 
training in high-volume centers in which 
proper surgical technique may be learned. 
Minor resections are feasible and well stan-
dardized. Major resections are still under 
debate, although incoming series have reported 
excellent results. Regarding living donation, 
left lateral sectionectomy is close to be consid-
ered standard of practice. Few series on full-
left and full-right lobes have been reported, 
but all of them report excellent safety with bet-
ter perioperative outcomes. Laparoscopic liver 
surgery should not be considered anymore a 
secondary approach.
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Laparoscopic Left Lateral 
Sectionectomy

Marcel J. van der Poel, Pieter J. Tanis, 
Dennis A. Wicherts, and Marc G.H. Besselink

28.1	 �Introduction

Since its first introduction in 1992 [1], the wide-
spread implementation of laparoscopic liver sur-
gery has been slow, in contrast to other 
laparoscopic abdominal procedures such as lapa-
roscopic cholecystectomy and laparoscopic her-
nia repair. The need for advanced laparoscopic 
skills and several concerns have delayed the 
widespread adaptation of this technique. Most 
feared was the risk of uncontrollable intraopera-
tive bleeding. The suggested poor visibility and 
poor ability to mobilize the liver caused doubts 
about oncological efficiency. Other concerns 
included the potential of gas embolism and tumor 
cell seeding at surgical ports during the extrac-
tion of the specimen. Furthermore, few surgeons 
felt comfortable with the idea of losing the ability 
to manually manipulate the liver and palpate liver 
lesions.

Initial reports and case-series demonstrated 
beneficial results including less pain, shorter hos-
pital stay and faster recovery without compro-
mising the efficiency of the procedure. After the 
publication by Cherqui et  al. [2] of 30 laparo-

scopic liver resections, the feasibility of the tech-
nique was more widely acknowledged, leading to 
more and bigger series being reported.

In the early phases of laparoscopic liver sur-
gery, the most performed resections were 
metastasectomies from anterior segments. The 
first report of laparoscopic left lateral sectio-
nectomy (LLS) appeared in 1996, but this pro-
cedure was performed in 1993 [3]. This 
case-report was the first report of a formal, 
anatomical liver resection performed by lapa-
roscopy. Nowadays, it is considered the most 
standardized laparoscopic liver resection and 
at the Louisville consensus conference in 2008 
it was even declared standard of care over an 
open procedure in experienced hands [3]. In 
this chapter we will further discuss the stan-
dardized technique for this procedure and its 
advantages over open surgery.

28.2	 �Technique of Left Lateral 
Sectionectomy

28.2.1	 �Patient Selection

All patients with lesions in liver segments 2 and 
3, with a 10–20 mm margin on the left hepatic 
vein origin are generally considered candidates 
for LLS. Routine work-up consists of bloodwork 
and imaging studies, usually consisting of con-
trast enhanced computed tomography (CT) scans 
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and/or magnetic resonance imaging (MRI). The 
results of these studies are then discussed in a 
multi-disciplinary team including liver surgeons, 
medical oncologists, gastroenterologists, radiolo-
gists and pathologists. Treatment options depend 
on the patients performance status and resectabil-
ity of the lesion(s). Depending on exact tumor 
location and size as well as histology, a more or 
less extensive resection (hemihepatectomy or 
non-anatomical wedge resection) or local abla-
tive procedures might be considered more suit-
able. Left lateral sectionectomy might also be 
part of a two stage liver resection.

28.2.2	 �Positioning

Resections are performed under general anes-
thesia without epidural catheter. A supine posi-
tion with legs spread (French position) is 
preferred when performing a laparoscopic left 
lateral sectionectomy, but the procedure can 

also be performed with the legs closed and the 
surgeon on the patient’s right side [4]. Four 
ports are placed (Fig.  28.1). Care should be 
taken not to position the ports too low. 
Pneumoperitoneum is generally established 
around 12 mmHg.

28.2.3	 �Intraoperative Ultrasound

The use of ultrasound is generally advocated to 
evaluate the liver intraoperatively for any addi-
tional malignant lesions that were not seen on 
pre-operative imaging. For benign lesions this 
may only be indicated when the lesion is close to 
the resection margin. The resection line can be 
marked using a diathermic hook, which can then 
be seen on ultrasound as a hyperacoustic shadow 
over the liver parenchyma, ensuring enough dis-
tance between the resection line and the lesion(s). 
The typical resection line is 1 cm to the left of the 
falciform ligament.

12 mm

12 mm

5 mm

5 mm

Fig. 28.1  Positioning 
and port placement
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28.2.4	 �Control of Bleeding

An often-used method of extra-parenchymal 
bleeding control is the use of a Pringle-sling. 
Although not routinely required during LLS it can 
act as useful adjunct, for instance in patients with 
expected bleeding risk because of cirrhosis or che-
motherapy associated ‘blue liver’. A nylon tape is 
positioned around the portal triad and then passed 
through a 10–13 cm long surgical drain. The ends 
are extracted through the skin incision of a lateral 
port, but not through the port itself. Generally, an 
extra port placement is needed for this purpose, 
ideally 2  cm subcostally, right anterior axillary 
line. During parenchymal transection, the sling 
can be tightened by pulling at the ends and secur-
ing tension by clamping at the level of the skin. To 
reduce ischemic injury, one may decide to perform 
intermittent Pringle maneuvers (i.e. 10–20  min 
intervals). In the vast majority of procedures a 
Pringle sling/maneuver is not required.

28.2.5	 �Liver Mobilization

After diagnostic laparoscopy and intra-operative 
ultrasound, the left lobe of the liver is mobilized. 
The teres ligament is separated from the abdomi-
nal wall using the harmonic scalpel and is kept as 
long as possible so it can be used to retract and 
mobilize the liver. Using either the diathermic 
hook or ultrasonic shears the falciform, triangular 
and coronary ligament are divided up to the left 
hepatic vein. Care should be taken not to injure 
the left hepatic or diaphragmatic vein.

28.2.6	 �Parenchymal Transection

Routinely used equipment for superficial paren-
chymal transection is the harmonic scalpel. On 
indication the laparoscopic CUSA (cavitron ultra-
sonic surgical aspirator) may be used depending 
on the thickness of the parenchyma just lateral to 
the falciform ligament. This enables visualization 
of bigger vascular structures, but this is rarely 
needed for LLS.  Transection is started on the 
upper liver surface, 1 cm to the left of the falciform 
ligament moving from front to back, taking small 
bites with slow closure of the ultrasonic shears 
until a 2 cm cut is completed. By going deeper into 
the liver parenchyma with the harmonic scalpel, 
the risk of significant bleeding increases. It is cru-
cial to prevent tunneling, causing deep holes were 
visibility is compromised and bleeding can occur 
without noticing. Additional 1  cm parenchymal 
transection on the dorsal side is also optional.

Laparoscopic clips or hem-o-locks can be 
used to control bigger vascular structures, but this 
often needs dissection using a CUSA. One should 
also keep in mind that clips can interfere with 
future stapling.

When the remaining parenchyma is thin 
enough, the remaining parenchyma, which 
includes the 2/3 portal pedicle is transected using 
an endoscopic stapler that is passed along the 
groove between segments 2/3 and segment 1 
(Fig. 28.2). The transection is finalized with one 
or two additional staplings. A 60 mm stapler with 
a wide opening and a medium height stapler size 
is typically ideal. A vascular stapler may be used 
when large vessels are clearly visible.

Fig. 28.2  Parenchymal 
transection using stapler
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28.2.7	 �Treatment of the Parenchymal 
Transection Plane

When the transection is completed, the transec-
tion plane should be carefully examined for 
potential bile leak or hemorrhage. Bile leak can 
be managed using prolene sutures or clips. For 
the management of superficial bleeding, bipolar 
diathermy usually suffices. For more consider-
able bleeding prolene sutures and clips can be 
used. Haemostatic products such as fibrillar col-
lagen or fibrin glue can be applied to the surface. 
A silicone drain can be left behind to drain any 
oozing that might occur but generally this is not 
necessary.

28.2.8	 �Removal of the Specimen

Once the dissection is completed, the specimen is 
placed in an impermeable bag that is introduced 
into the abdomen through a small suprapubical 
incision with transverse fascial incision and mid-
line incision between the rectus muscles 
(Pfannenstiel incision). The bag with specimen is 
then extracted through this incision. Following 
removal of the specimen, the parenchymal tran-
section plane is checked for hemorrhage for a 
final time.

28.3	 �Laparoscopic vs. Open

Initial reports and case series, as in other areas of 
abdominal surgery, demonstrated favorable out-
comes of LLS, leading the way for further 
research. Throughout the years, multiple com-
parative studies have appeared, further evaluating 
the benefits of the laparoscopic approach. Overall 
conclusions have never differed much and have 
boosted the widespread implementation of this 
technique: LLS is feasible and safe with possible 
advantages over the open approach. These advan-
tages are as can be expected from a minimally 
invasive approach: a decrease in intraoperative 
blood loss, shorter hospital stay and faster recov-
ery, without compromising oncological effi-
ciency or increasing the amount of complications. 

The only problem that remained was the increased 
operative difficulty that is inherent to a new tech-
nique, represented by an increase in operative 
time in early experiences [5, 6]. Hence, when in 
2008 LLS was proposed as the standard of care, a 
side note mentioned for experienced surgeons 
only.

In the years thereafter, the learning curve of 
LLS was a much-debated subject. It was initially 
feared that patients were exposed to additional 
risks during early experience. Nevertheless, it 
appeared through further research that the learn-
ing curve of LLS is short and non clinical [7]. 
The only randomized trial on laparoscopic versus 
open LLS was stopped early because of slow 
accrual due to strong patient preference for the 
laparoscopic approach [8]. This further contrib-
utes to the statement that laparoscopy should be 
the standard approach for LLS.
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Laparoscopic Techniques in Major 
Liver Resections

Mark Halls, David Martinez-Cecilia, 
Salvatore Barbaro, and Mohammad Abu Hilal

29.1	 �Introduction

Major laparoscopic liver resections represent the 
evolution of minimally invasive liver surgery 
from the initial non-anatomical wedge resections 
to left lateral sectionectomies and finally to major 
anatomical and major complex resections.

Traditionally, major liver resections have been 
defined as those requiring the resection of three or 
more contiguous Couinaud’s liver segments [4]. 
However, with the introduction of the laparoscopic 
approach the concept of major technical resections 
has emerged. These resections do not have a 
requirement of size but instead refer to resections 
in difficult locations such as segment 1, 4a, 7 and 8 
[8]. Regardless of the size of the resection and 
location of the lesion all laparoscopic liver surgery 
is complex and requires excellent anatomical 

knowledge and advanced laparoscopic skills. In 
addition, an experienced and well-coordinated 
team is essential when considering the important 
role played by the scrub nurse, theatre assistant 
and the anaesthetistic team [11].

The most common cause of conversion in 
laparoscopic surgery is bleeding; careful dissec-
tion and advanced skills in bleeding control are 
of paramount importance when it comes to lapa-
roscopic liver resections [1]. During laparo-
scopic liver surgery, bleeding control can be 
achieved by a combination of three factors: 
inflow control, a low central venous pressure 
and local control of vessels during parenchymal 
dissection [14, 5, 1, 10]. Due to the absence of 
venous valves in the hepatic veins and inferior 
vena cava the venous pressure of the liver is 
directly related to the pressure within the right 
atrium. Therefore, the maintenance of a low 
central venous pressure is a fundamental 
requirement to performing a laparoscopic liver 
resection and this should be regulated by the 
anaesthetist throughout the operation.

29.2	 �General Guidance

Prior to starting any operation the patient’s pre-
operative imaging must be reviewed to ensure a 
comprehensive knowledge of the patient’s liver 
anatomy, the location of the tumour and its rela-
tion with the major vascular structures.
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Following careful preparation with disinfec-
tant and draping, patients are placed in the 
supine position with reverse Trendelenburg 
table tilt. The position of the surgeon and lapa-
roscopic stack are dependent on the resection 
to be performed. It is not uncommon that the 
surgeon has to move from the patients left to 
the patients right and vice versa during the pro-
cedure. Access to the abdomen is achieved 
using an Open Hasson Technique to place a 
12 mm port. The pressure of the pneumoperito-
neum is maintained between 12 and 14 mmHg 
whilst the central venous pressure (CVP) is 
maintained between 0 and 5  cmH2O 
(0–4 mmHg). A wide differential between the 
two should be avoided as it can encourage CO2 
emboli (although the solubility of CO2 in the 
blood makes this less concerning than an air 
emboli) [5]. Following the successful creation 
of a pneumoperitoneum all further ports are 
inserted under direct vision.

With the progression of laparoscopic liver sur-
gery an initial concern for complex resections 
was access. Some centres have reported the use 
of thoracic trans-diaphragmatic ports and the 
semi-prone position in order to access the 
postero-superior segments [9] however in our 
experience a conventional set-up (as already 
highlighted) combined with full mobilisation 
allows for more than adequate access and reduces 
the complexity of set-up. The first step in any 
resection is to confirm the location of the 
lesion(s), which is performed using laparoscopic 
ultrasound. This permits the surgeon to assess the 
relation of the lesion(s) to the major vascular 
structures and to mark the resection lines on the 
surface of the parenchyma ensuring sufficient 
free margins will be achieved [3].

The next step is then mobilisation of the 
liver, freeing it from its ligaments. The round 
ligament and the falciform ligament are tran-
sected with an ultrasonic dissector. These 
divided structures then become useful as points 
of traction that can held by one of the assistants 
in order to manipulate the view and achieve bet-
ter access. Further mobilisation of the liver is 
dependent upon the resection to be performed 
(Fig. 29.1).

29.2.1	 �Pringle’s Manoeuvre

Pringle’s manoeuvre is performed by retracting 
the liver caudally (either by the gallbladder or 
divided Falciform ligament) to allow access to 
the Foramen of Winslow. A grasper is passed 
through the Foramen of Winslow from a 5 mm 
port in the right upper quadrant (Fig. 29.2).

The left liver lobe is then lifted to permit a 
clear view of the hepato-gastric ligament 
(Fig.  29.3). This is opened using diathermy to 
allow a 5-mm nylon tape to be grasped by the 
forceps in the Foramen of Winslow and pulled 
around the portal triad. The nylon tape is then 
passed through a 10-cm silicon tube with an 
atraumatic tip so that the tube maybe snugged 
against the structures whilst the tape encircles 
them to provide control. The nylon tape is then 
exteriorised through a port that is then removed 
and replaced so the tape can be controlled exter-
nally without needing to pass through the lumen 
of a port.

29.2.2	 �Transection

Superficial parenchymal transection is achieved 
using a Torsional Ultrasound Device (LOTUS; 
S.R.A Devon, UK) or a harmonic scalpel (Ethicon 
ACE, Endo-Surgery; Johnson & Johnson) to dis-
sect 2–3 mm of the superficial parenchyma along 
the intended resection lines.

For deep dissection, a Cavitron Ultrasonic 
Surgical Aspirator (CUSA) (Integra Lifesciences, 
New Jersey, USA) is used to transect the deeper 
parenchyma and to identify the deep/major vas-
culature and biliary structures. During parenchy-
mal dissection it is important to avoid tunnelling 
and the creation of deep holes in which views are 
compromised and bleeding control is more diffi-
cult. Structures encountered during dissection 
should be carefully secured using laparoscopic 
clips (Hem-o-Lock clips, Weck Closure Systems, 
Research Triangle Park, USA) or vascular sta-
plers depending on the size of the structure. Clips 
and haemolocks should be placed away from the 
transection line in order to avoid subsequent 
inclusion into endovascular stapler lines.
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Fig. 29.1  Mobilization 
of the liver to visualize 
all hepatic segments

Fig. 29.2  The 
gallbladder is retracted 
caudally to allow access 
to the Foramen of 
Winslow from a port 
placed in the right upper 
quadrant
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29.2.3	 �Revision of Transection 
Surface

Prior to the completion of the operation and 
removal of the laparoscopic ports haemostasis is 
checked with a restored central venous pressure 
provided by the anaesthetist with fluid replace-
ment, vasopressors and the Valsalva Manoeuvre. 
The transection line is compressed with a clean 
gauze swab—this provides a tamponading effect 
and the presence of bile on the gauze highlights a 
bile leak. A Bile leak is controlled with Prolene 
3-0/4-0 stitches or with clips if a pedicle is identi-
fied clearly. Haemostasis is obtained using 
monopolar diathermy (set to spray) for small 
bleeding points while clips and Prolene sutures 
are used for any substantive bleeding. Haemostatic 
products such as fibrin glue (Evicel; Johnson & 
Johnson Wound Management) and fibrillar Snow 
(Johnson & Johnson Wound Management) can 
be additionally used in areas of difficult access 
areas or close to hepatic veins. A 20-Fr tube drain 
is then positioned near each of the resection 
margins.

29.2.4	 �Removal of the Specimen

The specimen is removed in an impermeable 
bag (Endopouch retriever TM, Ethicon, Inc.) 
Introduced through a 15 mm supra-pubic port 
that is subsequently extended to a 4–6  cm 
Pfannenstiel incision. The incision should be as 

small as possible to minimise trauma, however 
it is important not to damage the specimen 
pulling it through a tight incision to permit an 
accurate histological examination and margin 
evaluation.

29.3	 �Left Hemihepatectomy [12]

Patients are positioned in the supine position. 
The surgeon stands to the patient’s left for the 
hilar dissection and then moves to the patient’s 
right for the parenchymal dissection. Five ports 
are necessary in this procedure (Fig. 29.4).

Port 1 (5 mm) is placed in the left upper quad-
rant to aid with the dissection of the left triangular/
coronary ligament and allows the assistant to pro-
vide suction, manipulation of the liver via the 
movement of the round ligament.

Ports 2 and 3 (12  mm) accommodate the 
camera, instruments for dissection and endo-
scopic staplers. The camera can be switched 
between these ports in order to adequately 
expose the resection margin without the dissect-
ing instruments obstructing the surgeon’s view. 
The camera should be aligned parallel with the 
resection line; this can be facilitated with the 
use of a 30-degree scope. In patients with 
tumours less than 10  cm in diameter the ports 
should be placed in the epigastrium, one-third 
of the distance from the umbilicus to the costal 
margin. In patients with large tumours or hepa-
tomegaly, it is necessary to place the ports at the 

Fig. 29.3  The left lobe 
of the liver is retracted 
caudally using either the 
falciform ligament or a 
flexible retractor—this 
then demonstrates the 
lesser omentum that 
consists of the hepato-
gastric ligament 
(indicated here with the 
diathermy hook) and 
laterally the hepato-
duodenal ligament 
(containing the portal 
triad)
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level of the umbilicus to facilitate access for the 
initial dissection.

Port 4 (5 mm) is for gallbladder retraction and 
to pass the tape for the Pringle’s manoeuvre.

Port 5 (12 mm) is used to elevate the liver by 
retracting the falciform ligament or with the use 
of a 12-mm fan retractor. During initial transec-
tion an instrument placed through this port can be 
used to help open the transection line by moving 
the falciform ligament to the left. In large or 
obese patients it can also be useful for access of 
dissecting instruments during hilar dissection and 
for the last stages of the transection close to the 
left hepatic vein.

29.3.1	 �Liver Mobilization

After explorative laparoscopy and intraoperative 
ultrasonography, mobilisation is performed by 
dividing the round and falciform ligaments to the 
level of the hepatico-caval venous confluence, 
until the antero-lateral surface of the left and 
middle hepatic veins is identified and dissected 
free. This sequence of dissection helps to avoid 
accidental division of the middle hepatic vein in 
patients with a common hepatic venous 
confluence.

The triangular ligament is then divided using 
an ultrasonic dissector in port 1 while port 2 and 

3 accommodate the camera and a soft grasper 
that allow the left lobe of the liver to be lifted and 
rotate it to the right. The line of dissection is 
extended medially along the anterior border of 
the left coronary ligament, keeping the left dia-
phragmatic vein in sight until the lateral border 
of the left hepatic vein is identified. The table 
can be tilted 30° left side up to facilitate this 
phase of the procedure. The left lobe is then 
lifted and moved to the right using a 10-mm 
articulating fan retractor to permit division of the 
lesser omentum (Fig. 29.3), the operator must be 
aware of the possibility of a replaced or acces-
sory left hepatic artery originating from the left 
gastric artery or the celiac trunk, which requires 
formal control with Hem-o-lock clips before 
division.

29.3.2	 �Vascular Control

In this procedure, as for all major anatomic resec-
tions, inflow control is achieved by extra paren-
chymal techniques after a careful dissection of 
the hilar structures and a clear understanding of 
the hilar anatomy. In our opinion, the extra paren-
chymal approach, although technically more 
challenging, is safer and more efficient in a lapa-
roscopic context. Special attention must be given 
to the arterial anatomy and the position of any 
aberrant or replaced vessels. Preoperative mag-
netic resonance cholangiopancreatography is 
routinely performed to exclude an aberrant  
insertion of the right-sided ducts into the left 
hepatic system, as these biliary anomalies are dif-
ficult to identify if encountered intraoperatively. 
The vascular control is of paramount importance 
and is technically demanding so good access is 
essential. Access to the portal structures can be 
obtained by elevating the liver using the gallblad-
der as a retractor via port 1 or 4 (Fig. 29.5), the 
falciform ligament through port 1 or by using a 
10-mm articulating fan retractor through port 5 to 
lift the left lobe of the liver and expose the hilar 
structures.

The dissection starts with a superficial trans-
verse incision of the hepato-duodenal ligament 
from left to right 1–2 cm below the hilar plate 
(Arantius’ ligament). The neurolymphatic tissue 

5 mm 5 mm

12 mm 12 mm

12 mm

Fig. 29.4  The port placement for left hemihepatectomy

29  Laparoscopic Techniques in Major Liver Resections



310

is dissected carefully and divided with a 
diathermy hook and ultrasonic dissector, ensur-
ing good haemostasis and avoiding damage to 
any hilar structures. The left hepatic artery is 
identified, slung and dissected using a diathermy 
hook, a non-traumatic grasper and a 10-mm 
right angle Gemini dissecting forceps (Elmed) 
(Fig. 29.6). The sling allows for gentle handling 
of the vessel to avoid causing damage to the 
arterial wall and also provides a means for rapid 
control should there be sudden, unexpected 
bleeding. A bulldog clip can be placed on the 
artery to produce temporary exclusion when an 
assessment of the anatomy and ischemic line is 
needed (Fig. 29.7).

Once the arterial anatomy is clear, the left 
hepatic artery is gently retracted laterally to allow 
for its ligation with three self-locking polymer 
Hem-o-lock clips (Fig. 29.8). Finally, the artery 
is divided leaving a minimum of 3-mm cuff 
beyond the clips. Division of the artery opens the 
plane, which allows for direct vision of the left 
hepatic duct and portal vein.

It is often easier to identify and divide the 
left portal vein before dissecting out the left 
hepatic duct, because the left portal vein is usu-
ally longer and more malleable than the adja-
cent left hepatic duct (Fig.  29.9). This then 
permits improved views of the left hepatic 
duct, which can then be dissected out in the 

Fig. 29.6  Dissection if 
the hepato-duodenal 
ligament using 
atraumatic grasper and 
Gemini dissecting 
forceps

Fig. 29.7  The left hepatic artery is slung (red sloop) and 
the portal vein and left branch are slung (blue sloop). This 
allows for atraumatic manipulation of the vessels. A bull-
dog may be used to temporarily exclude flow to demon-
strate the vascular anatomy prior to its ligation

Fig. 29.5  The view obtained following mobilisation of 
the liver and its subsequent elevation using the gallbladder 
(retraction from non-traumatic grasper in port 1)
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liver parenchyma away from the confluence or 
can be controlled intra-parenchymally if the 
lesion is not very near to the biliary bifurca-
tion. The extra parenchymal ductal control is 
only performed for lesions very near to the 
bifurcation to ensure wider clear resection 
margins.

After clear identification of the anatomy, 
the left portal vein is dissected, slung and 
divided after the origin of the small caudate 
branches are identified. Small caudate branches 
can be spared or ligated with metal clips if 
needed.

The vein can be divided between Hem-o-Lock 
clips or with an endovascular stapler (Endoscopic 

Articulating Linear Cutter ETS 45 mm, Ethicon 
Endo-Surgery).

29.3.3	 �Intraoperative Ultrasonography

A second ultrasonographic scan is performed to 
confirm and mark the line of transection 
(Fig. 29.10). The transection line is marked with a 
diathermy hook 5 mm to the right of the line of 
demarcation, while taking care to ensure adequate 
clearance of all tumour deposits. This marked line 
is seen on ultrasound as a hyper-echoic line cast-
ing an acoustic shadow into the liver parenchyma 
in between the lesions and the demarcation line.

Fig. 29.8  Application 
of polymer clips to left 
hepatic artery

Fig. 29.9  The left 
hepatic artery has been 
divided and traction is 
applied to the sloop on 
the left portal vein. The 
lower sloop was placed 
on the main portal vein 
earlier in the procedure 
and remains in place 
until the anatomy is 
clarified

29  Laparoscopic Techniques in Major Liver Resections



312

29.3.4	 �Parenchymal Dissection

Good views are an essential part of this proce-
dure and are achieved by keeping both camera 
and operating instruments in the line of the tran-
section. This requires use of a 30-degree scope 
and careful port positioning to ensure that ports 2 
and 3 are low enough to offer a good view and 
access to the initial transection line, but high 
enough to allow access to the superior parts of the 
liver later in the procedure. The course of the 
middle hepatic vein is identified on intraoperative 
ultrasound and its relation to any tumour deposits 
is noted. The line of transection is then marked 
using the diathermy staying 5–10 mm to the left 
of the middle hepatic vein but providing adequate 
clear margins in malignant disease (Fig. 29.11).

When resection of the caudate lobe is also 
required, this is carried out alongside the dissec-
tion of the left liver. After lifting the left lobe and 
pushing it to the right with the aid of a 10-mm 
articulating fan retractor, the inferior part of the 
caudate lobe is dissected away from the vena 
cava using the harmonic scalpel and metallic 
clips for vascular branches as encountered. Next 
the left lobe of the liver is resected giving better 
exposure of the middle and posterior parts of the 
caudate lobe. This dissection is continued until 
large middle hepatic vein branches are 
encountered. In this stage, a two-handed tech-
nique can be adopted, using the CUSA in con-
junction with the ultrasonic dissector to skeletalise 

vascular structures, allowing correct identifica-
tion and control before division (Fig. 29.12).

A 60-mm Endoscopic Linear Cutter (Echelon 
flex, Ethicon Endo-Surgery) is used to transect 
the left hepatic duct and Glissonian sheath. When 
the left hepatic vein confluence is revealed the 
parenchyma is dissected to reveal the superior 
and medial surfaces over a 10-mm length of vein. 
The transection is then completed using a single 
firing of an endovascular stapler to divide the 
vein (Fig.  29.13) and any remaining adjacent 
parenchyma, taking care to avoid traction injury 
to the middle hepatic vein and the cava. 
Haemostatic products are used if bleeding is 
encountered especially in proximity to the mid-
dle hepatic vein.

Fig. 29.11  Following USS guided marking of the sur-
face of the liver superficial parenchymal dissection is per-
formed using an ultrasonic dissector

Fig. 29.10  Intra-
operative endoscopic 
ultrasound to confirm 
the site of the lesion and 
planning of resection 
border
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29.4	 �Right Hemihepatectomy [13]

The patient is placed in the supine position. The 
surgeon either stands between the patient’s legs 
for the whole procedure or stands to the patient’s 
right for the hilar dissection and then moves to 
the patient’s left for the parenchymal dissection.

Five ports are necessary in this procedure 
(Fig. 29.14):

Port 1 (12 mm) is used for the dissection of the 
hepatic artery and portal vein, for division of the 
coronary ligament, for retraction of the falciform 
ligament and for elevation of the posterior sur-
face of the right hemi-liver during dissection of 
the right triangular ligament.

Ports 2 and 3 (12 mm) accommodate the cam-
era, instruments for dissection and endoscopic 
staplers. The camera can be switched between 

Fig. 29.12  Two-handed 
technique using an 
ultrasonic dissector and 
CUSA to dissect out 
vascular and biliary 
structures that are 
controlled prior to divided 
(control technique is 
dependent on size)

Fig. 29.13  Transection 
of the left hepatic vein 
using an endoscopic 
linear cutter

5 mm

5 mm

12 mm

12 mm

12 mm

Fig. 29.14  The port placement for right hemihepatectomy
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these ports in order to adequately expose the 
resection margin without the dissecting instru-
ments obstructing the surgeon’s view, thus it 
should be aligned parallel with the resection line; 
this can be facilitated with the use of a 30-degree 
scope.

Ports 4 and 5 (5 mm) are used for gallblad-
der retraction, dissection of the triangular liga-
ment and serve to aid the assistant with suction, 
liver retraction, and elevation. To perform 
Pringle’s manoeuvre the tape is held on an 
atraumatic grasper introduced through the right 
lateral port, passed in between the vena cava 
(posteriorly) and the portal vein (anteriorly) 
and then picked up and externalised with 
another grasper introduced through the left lat-
eral port. Poor positioning of the ports will cre-
ate angulations, which increase operative 
difficulty and risk for complications.

29.4.1	 �Liver Mobilization

After exploratory laparoscopy and intraoperative 
ultrasonography, the liver is mobilised by divid-
ing the round and falciform ligaments up to the 
level of the hepatico-caval venous confluence. 
This is continued until the anterior surface of the 
right hepatic vein is identified and dissected free. 
This line of dissection is extended laterally along 
the anterior border of the right coronary liga-

ment, as far as access permits (Fig. 29.15). The 
table is then tilted 30° right side up, and the sur-
geon moves to the left side of the patient. The 
liver is then lifted using a 10-mm articulating fan 
retractor to permit dissection of the relatively 
avascular planes in the retrocaval hepatic space. 
This is achieved using a combination of blunt dis-
section, ultrasonic dissectors and diathermy scis-
sors down to the triangular ligament. Next, the 
hepatico-caval plane is gently dissected using a 
combination of scissors; hook diathermy, and 
blunt dissection. The short retro-hepatic veins 
draining directly into the inferior vena cava are 
skeletonized, clipped, and divided, leaving an 
adequate stump and two clips on the stay side. 
The dissection is continued superiorly as far as 
access permits to expose the right hepatic vein to 
facilitate the formal hepatectomy. The table is 
then levelled out for the hilar dissection. The 
medial aspect of the gallbladder is dissected from 
the liver bed and the cystic artery is divided. This 
allows elevation of the right liver and exposure of 
the portal triad for vascular dissection. The cystic 
duct is left in continuity at this stage, so the com-
mon hepatic duct can be lifted anteriorly by trac-
tion on the cystic duct. This opens up the posterior 
plane and gives access to the right hepatic artery. 
Counter traction can be provided by drawing 
down on the Pringle sling, putting tension on the 
hepato-duodenal ligament without constricting 
the vascular inflow to the liver.

Fig. 29.15  Dissection 
of the postero-superior 
attachments of the liver 
from the diaphragm
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29.4.2	 �Vascular Control

In this procedure, flow control is routinely 
achieved by extra-parenchymal means, which 
offers safe and haemostatic dissection of the 
parenchyma. Access to the portal structures can 
be obtained by lifting the liver via the gallbladder 
on one side and the falciform ligament on the 
other and then by gently retracting the cystic 
duct. Special attention must be paid to patient’s 
arterial anatomy and the position of any aberrant 
or replaced vessels (Fig. 29.16).

The right hepatic artery is identified and dis-
sected first, using a diathermy hook, a non-
traumatic grasper and a laparoscopic 10-mm 
right-angle Gemini dissecting forceps (Fig. 29.17).

The right hepatic artery is then slung and gen-
tly retracted laterally to aid its ligation with three 
self-locking polymer Hem-o-lok clips. Finally, 

the artery is divided, leaving two clips on the 
proximal side and a minimum of 3  mm cuff 
beyond the clips. The division of the artery opens 
the plane, which enables the dissection of the 
right portal vein at the level of the bifurcation of 
the portal vein. After clear identification of the 
anatomy, the right portal vein is dissected out, 
and the caudate branches are identified and where 
necessary clipped or ligated and divided. The 
right portal vein is then controlled and divided in 
a similar fashion between Hem-o-lok clips 
(Fig.  29.18). The right hepatic duct is divided 
intra-hepatically during the parenchymal 
transection.

A second ultrasound scan is performed to con-
firm and mark the line of transection. The resec-
tion line is marked with a diathermy hook 5 mm 
to the right of the line of demarcation, while care 
is taken to ensure adequate clearance of all 
tumour deposits. This marked line is seen on 
ultrasound as a hyper-echoic line casting an 
acoustic shadow into the liver parenchyma in 
between the lesions and the demarcation line.

The parenchyma is dissected using a torsional 
ultrasonic device (LOTUS; S.R.A Devon, UK) or 
a harmonic scalpel (Ethicon ACE, Endo-Surgery; 
Johnson & Johnson) starting on the upper liver 
surface from front to the back, taking layers of 
2–3  mm deep each time up to the level of the 
right hepatic vein. The dissection is continued in 
this way until large middle hepatic vein branches 
are encountered (Fig. 29.19).

At this stage, a two-handed technique is 
adopted using the CUSA in conjunction with the 

Fig. 29.16  Vascular control of portal structures of the 
right hepatic lobe

Fig. 29.17  Dissection of the hepato-duodenal ligament 
with Gemini forceps to isolate the right hepatic artery

Fig. 29.18  The right hepatic artery has been divided and 
the right portal vein is slung in preparation for application 
of hem-o-lok clips
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Lotus or Harmonic ACE to skeletonize vascular 
structures, allowing correct identification and 
control before dividing them. A 60-mm endo-
scopic linear cutter is used for division of the 
middle hepatic vein branches and broader and 
thicker pedicles of tissue (right hepatic duct and 
Glissonian sheath). After intrahepatic division of 
the right hepatic duct, the transection is contin-
ued posteriorly to the inferior vena cava. The 
right hepatic vein is identified at the superior 
margin of the transection, dissected out and 
divided either flush on the cava or intra-
hepatically with an endovascular stapler. The site 
of division is determined by the requirements of 
oncologic clearance and the degree of technical 
difficulty in approaching the vena cava.

29.5	 �Laparoscopic Parenchymal-
Sparing Resections Lesion 
in the Posterior Segments 
(The Diamond Technique)  
[6, 7]

Laparoscopic resection of non-peripheral 
lesions and lesions in segments 7, 8 and 4a 
share some of the technical difficulties associ-
ated with a hemi-hepatectomy, specifically 
during the mobilization phase. Careful division 
of the triangular and the anterior and posterior 
right coronary ligaments to the level of the 
right hepatic vein insertion is usually required. 
This enables the surgeon to apply traction to 

the liver moving it down and rotating it to the 
left, offering better access to the posterior seg-
ments. This manoeuvre requires advanced lap-
aroscopic skills and the ability to work in a 
small, deep, “distant” operative field. However, 
these operations do not require extra-hepatic 
hilar dissection or large parenchymal resection 
as in a formal hemi-hepatectomy. Therefore, 
these resections should be considered as a sep-
arate classification from minor resections and 
anatomically major resections—Technically 
major resections [8].

Initially, the right upper quadrant and epigas-
tric ports are placed then laparoscopy is  
performed and the liver is inspected ultrasono-
graphically, looking for unknown lesions and 
confirming the exact tumour size and location. 
This evaluation also helps to ensure correct place-
ment of the remaining ports. A 4/5-port configu-
ration in a reverse L-shape around the medial and 
inferior aspects of the tumour is recommended 
(Fig. 29.20).

This port placement is intended to facilitate 
four transection planes with good triangulation 
by running in parallel with the ports 
(Fig. 29.21).

12 mm

12 mm 12 mm

5 mm

5 mm

Fig. 29.20  Port placement for resection of lesions in seg-
ments 7 and 8

Fig. 29.19  The middle hepatic vein branches
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The round and falciform ligaments must be 
divided unless the lesion is a diagnosed or sus-
pected HCC.  Unlike resections in segment 7 
resections those undertaken for lesions in in seg-
ment 8 does not usually require mobilization of 
right liver as the anticlockwise rotation and caudal 
traction down of the liver is not usually required.

After insertion of all ports, ultrasonography is 
again performed for localisation of the lesion and 
its relationship with the major vessels and biliary 
drainage as well as assessing resection margins. 
In case of HCC, any satellite nodule must be 

comprehensively excluded. The resection margin 
is marked under direct ultrasonography view 
2–3 cm away from the lesion.

Straight transection lines in a square shape are 
easier to follow, especially during dissection. The 
liver capsule is scored using the hook diathermy 
and these resection lines are seen ultrasonically 
as acoustic shadows allowing evaluation of the 
intended resection lines throughout their length 
(Fig. 29.22).

As previously, parenchymal transection is 
started with an ultrasonic dissector. Two or three 

a b c

Fig. 29.21  (a) Indication of the port placement for “Diamond Technique” of lesions in segment 8. (b) Ports required 
to make each resection line to produce diamond. (c) The intended shape of resected tissue

Fig. 29.22  Straight 
resection borders are 
marked on the surface of 
the liver and then 
superficial parenchyma 
resection occurs with 
an ultrasonic dissector
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stitches may be placed at the edges of the speci-
men (away from the tumour) in order that the 
specimen can be manipulated in a non-touch 
technique to open the resection line and facilitate 
dissection (Fig. 29.23a, b). Care must be taken to 
avoid contacting the tumour in while positioning 
those stitches. The CUSA is the used to identify 
and dissect out the deep and major vascular and 
biliary structures. Millimetric readjustments of 
the dissection line can be performed on the basis 
of the ultrasonic findings.

Care must be taken to not progressively bear 
toward the centre of the specimen (a well-known 
risk in open surgery). In laparoscopy, this is mag-
nified by the absence of tactile feedback. Although 
we conventionally call this the “diamond tech-
nique,” due to the similarity of the final specimen 
to a diamond shape, we emphasize the need for 
continuous assessment and adjustment of the 

transection line aiming toward a semi-diamond 
“frustum-shaped” specimen, rather than a com-
plete diamond or a cone (Figs. 29.21c and 29.24). 
This is essential for achieving adequate tumour-
free margins on both the lateral and basal transec-
tion planes. Repeated ultrasound and CUSA 
dissection facilitate the development of millimet-
ric readjustments of the dissection line. Although 
the lateral margins can be easily assessed, evalua-
tion of the basal margin can be challenging. For 
this, ultrasonic measurement of the tumour loca-
tion from the surface can estimate the depth of 
dissection needed, and the specimen can be 
scanned from the lateral side of the specimen. 
When the lower plane is reached, the tip of the 
laparoscopic grasper that has been placed below 
the specimen can be detected on ultrasound, per-
mitting the evaluation of its relation with the infe-
rior part of the tumour. Intermittent inflow control 

a

b

Fig. 29.23  (a, b) A 
stitch has been placed 
superficially in the 
specimen to allow for a 
“non-touch technique” 
and to provide retraction 
to open the resection 
plane
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is performed during the dissection phase in the 
majority of cases, as described elsewhere.

In case of small specimens these can be 
removed from a slightly enlarged port site while 
a Pfannenstiel incision can be used for larger 
specimens. After closing this incision, and prior 
to completing the operation, haemostasis is again 
assessed under restored central venous pressure 
and Valsalva manoeuvre.
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Laparoscopic Liver Resection 
in Cirrhotic Patients

Tan To Cheung

30.1	 �Introduction

Laparoscopic liver resection has been considered 
an advanced operation in the field of hepatobili-
ary and pancreatic surgery. There are a lot of 
doubts and skepticism because even open liver 
resection alone is still considered a complex 
operation which requires a long period of train-
ing before a surgeon can master the skill [1–3].

Laparoscopic liver resection is becoming a 
standard practice as more and more centers are 
picking up this skill. Many reports have shown 
that it can be carried out with very low mortal-
ity and morbidity even in patients with liver 
cirrhosis [4–9]. After two very large-scale 
consensus meetings on laparoscopic liver 
resection, many doubts have been removed 
[2]. Laparoscopic liver resection remains a 
complex operation but, as long as the surgeons 
understand their own limits and carry out the 

procedure cautiously, the morbidity can be 
very low.

30.2	 �Problems of Liver Resection 
in Patients with Liver 
Cirrhosis

Liver cirrhosis and hepatocellular carcinoma usu-
ally present together. The presence of cirrhosis 
makes liver resection more difficult. Hepatocellular 
carcinoma has a highest incidence in Asia because 
many Asians have hepatitis B, and hepatitis-B-
related hepatocellular carcinoma is usually associ-
ated with liver cirrhosis. Hepatectomy is more 
difficult in the presence of portal hypertension, 
splenomegaly, gastric or esophageal varices, or 
thrombocytopenia. Therefore, patients with liver 
cirrhosis have higher mortality and morbidity rates 
after hepatectomy. To overcome the difficulties, 
close cooperation with the anesthesiologist is very 
important. In the perioperative period, a very tight 
intravenous fluid administration is followed. 
During operation, a central venous line is inserted 
to monitor the central venous pressure, which 
should be maintained at 0–5 cmH2O. A head-up 
position, low tidal volume and low positive end-
expiratory pressure can reduce the central venous 
pressure. Vasodilators and diuretics can be admin-
istrated during hepatic transection. All these are 
useful methods to reduce blood loss during liver 
transection [10].
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30.3	 �Selection Criteria

Meticulous patient selection is important in pre-
venting unexpected complications and outcomes. 
Special attention is needed if liver cirrhosis is 
present. Table  30.1 shows the selection criteria 
for laparoscopic liver resection for patients with 
hepatocellular carcinoma and cirrhosis.

It is always a good practice to start a new 
approach with easier procedures. Tumors located 
in the anterolateral position are easier lesions to 
start with. In general, minor liver resection, tumors 
smaller than 3  cm and tumors away from major 
vascular structures are good cases to start [11–16].

Laparoscopic left lateral sectionectomy is a 
good case to commence. The anatomy of laparo-
scopic left lateral sectionectomy is constant. 
There is only one hilar pedicle to control and 
only one left hepatic vein to divide [17].

30.4	 �Operation Equipment 
and Setup

The instruments used for laparoscopic liver 
resection are similar to other laparoscopic proce-
dures. An additional endo-retractor or golden 
finger is required for hilum control. A laparo-
scopic ultrasonic dissector is another additional 

instrument that is required for liver parenchymal 
transection. A list of instruments required is 
shown in Table 30.2.

In the operation, the patient is usually placed 
in the French position. The surgeon stands 
between the legs of the patients. The display 
unit is positioned on the head side of the patient. 
The assistant sits next to the patient. A telescope 
is introduced after direct cut-down of the sub-
umbilical port. Depending of the indication for 
the operation, usually 3–5 working ports are 
needed for laparoscopic hepatectomy. Fewer 
ports are required for minor hepatectomy. For 
major hepatectomy, usually four working ports 
are required. Figure 30.1 shows the placement 
of ports for laparoscopic major hepatectomy. 
Ultrasound examination is performed to confirm 
the location and size of the tumor and to check 
for additional lesions. An ultrasonic dissector is 
used for superficial liver parenchymal transec-
tion and a CUSA® is used for deep liver paren-
chymal transection. In major hepatectomy, the 
dissection method is the same as that used in the 
open approach. The intra-Glissonian approach 
is used for individual isolation of the liver 
inflow. The hepatic artery is doubly controlled 
by metal clips and the main branch of the portal 
vein is doubly controlled by a hemolock. The 
main bile duct is controlled by a stapler or a 

Table 30.1  Selection criteria for laparoscopic liver 
resection for patients with hepatocellular carcinoma and 
cirrhosis

Inclusion Exclusion

Can tolerate general 
anesthesia

Decompensated Child B or 
C liver cirrhosis

Child A liver cirrhosis Diffuse hepatocellular 
carcinoma

For minor hepatectomy, 
platelet count 
>40 × 109/L

Tumor invasion of the 
portal vein, hepatic vein or 
bile duct

For major hepatectomy, 
platelet count 
>80 × 109/L

Vessel reconstruction 
would be required

Tumor smaller than 
10 cm

Extrahepatic metastasis

Laparoscopic liver 
resection will be 
technically feasible

Table 30.2  List of instruments required

Instrument Quantity

30-degree Laparoscope 1

10-mm Telescope port 1

12-mm Working port 2–3

5-mm Working port 2–3

Laparoscopic ultrasound 1

Laparoscopic CUSA® 1

Energy source dissector (Olympus)/Sono 
Surg™ (Olympus)/Harmonic® scalpel 
(Ethicon)/Sonocision™ (Medtronic)

1

Stapling device with cartridge of 
2.5–3 mm

1–2

Multi-firing metal clip 2–3

Hemolock 1–3

Laparoscopic argon bean coagulator 1

12-cm Endo Catch™ 1

Laparoscopic bulldog clamp 1–2

T.T. Cheung
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hemolock. The major hepatic vein is controlled 
by an endovascular stapler. Hemostasis is per-
formed with metal clips, diathermy and sutures 
as would be in the open approach. The liver 
specimen is delivered through a Pfannenstiel 
incision not larger than the largest diameter of 
the specimen [11–16]. Drainage tube is not rou-
tinely placed. Video 30.1 demonstrates a laparo-
scopic right hepatectomy in a patient with liver 
cirrhosis.

30.5	 �Setting Up of 
Pneumoperitoneal Pressure

Pneumoperitoneal pressure is the key to success 
in laparoscopic liver resection. In liver resection, 
bleeding occurs in vessels of the liver but not the 
liver parenchyma itself. The inflow of the liver is 
usually controlled when we are contemplating 
liver anatomical liver resection. Most of the 
bleeding actually comes from the hepatic vein 
and its tributaries. The hepatic venous pressure 
can be directly reflected by the central venous 
pressure which is kept at <5 cmH2O during the 
operation. The normal pressure set at 12 mmHg 
should be able to give a negative gradient to stop 
significant bleeding from the hepatic vein even 

when there is a small inadvertent venotomy. In 
case of a poorly controlled central venous pres-
sure due to underlying cardiac conditions, we can 
temporarily increase the abdominal pressure up 
to 18 mmHg without serious consequences. The 
high solubility of carbon dioxide used for pneu-
moperitoneum will not cause any air-embolism 
effect during the operation. Subclinical CO2 
embolism is possible but it seldom leads to hemo-
dynamic disturbance [18–23].

30.6	 �Special Considerations 
in Laparoscopic Major 
Hepatectomy

30.6.1	 �Pringle Maneuver

In open liver resection, intermitted inflow con-
trol of the liver hilum is an important mean to 
reduce bleeding. This is particularly important 
as portal hypertension can be severe in patients 
with liver cirrhosis. Studies have shown that 
Pringle maneuver is effective in reducing the 
speed and the amount of bleeding and sometimes 
it could be life-saving. It is relatively easy to 
apply Pringle maneuver in open surgery but spe-
cial technique is required in laparoscopic 
surgery.

In laparoscopic surgery, the ease of acces-
sibility is limited by the number, size and loca-
tion of the ports. In order to ensure smooth 
inflow control, the liver hilum has to be slung 
and controlled in advance. Controlling the liver 
hilum in case of bleeding will be chaotic. 
Figure  30.2 demonstrates the preparation for 
hilar control with vessel loops. If bleeding is 
anticipated, a bulldog clamp can be applied for 
20  minutes without any disturbance to liver 
function.

30.6.2	 �Right Phrenic Vein—The 
North Star

In laparoscopic major hepatectomy, the transec-
tion starts at the inferior end of the liver and ends 
at the superior end. This South to North approach 

5 mm

12 mm

12 mm

5 mm

10 mm

Fig. 30.1  Port placement for laparoscopic major right 
hepatectomy
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is the only way a liver can be transected in a lapa-
roscopic setting.

In laparoscopic liver surgery, the surgeon 
cannot feel or touch the liver. In addition, the 
angle of view is limited from the foot end of the 
patient most of the time. It may be difficult to 
determine the line of transection when the 
demarcation of the liver is not very obvious 
after hemi inflow control during major 
hepatectomy.

A high-definition video system allows very 
meticulous dissection of the liver hilum and liver 
parenchyma. The magnification can be more than 
ten times, with a crystal-clear image on the dis-

play unit. The right phrenic vein of the diaphragm 
can be shown very clearly.

The right phrenic vein serves as a very impor-
tant landmark during laparoscopic hepatectomy. 
It drains constantly into the origin of the right 
hepatic vein (Fig.  30.3). Knowing the precise 
location of the right hepatic vein, an accurate 
transection line can be drawn between the gall-
bladder fossa. For major right hepatectomy, the 
Cantlie line will be from the gallbladder fossa to 
the medial of the right phrenic vein origin. For 
right posterior sectionectomy, the origin will be 
the right Glissonian groove to the lateral of the 
right phrenic vein origin.

Fig. 30.2  Application 
of laparoscopic Pringle 
maneuver
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30.7	 �Benefits of Laparoscopic 
Hepatectomy for Patient 
with Liver Cirrhosis

Laparoscopic liver resection causes minimal inva-
sive trauma to patients. In patients with liver cir-
rhosis, due to the presence of portal hypertension, 
there are a lot of varices and collateral develop-
ments in the abdominal wall. In open liver resec-
tion where a larger abdominal wound is created, 
there will be disruption of the liver blood flow. 
Patients will develop decompensation and ascites 
after laparotomy. This is evident not only in major 
hepatectomy but also in minor liver resection 
where a limited amount of liver has been 
sacrificed.

Although some surgeons advocate the use of a 
smaller wound in the upper abdomen for minor 
live resection, laparoscopic liver resection should 
still be a better option. In laparoscopic major 
liver resection, a larger wound is required for 
specimen retrieval, but the wound is usually 
placed as a horizontal wound in the suprapubic 
area. This type of wound usually only affects the 
dermatome and there will be minimal pain and 
minimal pulmonary complications.

30.8	 �Outcome of Laparoscopic 
Liver Resection

Up to date, there have been more than 10,000 
cases of laparoscopic liver resection performed in 
the world and 2/3 of the cases involved cancer 
treatment.

Long-term outcomes have shown that laparo-
scopic liver resection can be safely performed in 
experienced centers. Laparoscopic liver resection 
is associated with less blood loss, shorter opera-
tion time, fewer pulmonary complications, and 
shorter hospital stay.

This approach has no oncological inferiority, 
and many major studies have shown that its 
results were comparable with those of open live 
resection.

In the study by Cheung et al. involving 440 
patients with hepatocellular carcinoma and liver 
cirrhosis, patients having laparoscopic liver 
resection (110 cases) had better long-term out-
comes. There is a possibility that laparoscopic 
live resection is associated with non-touch tech-
nique, less blood loss, and less inflammatory 
response. These are all good prognostic factors 
for survival of cancer patients.

Fig. 30.3  The North 
Star. The right phrenic 
vein (yellow arrow) 
draining into the right 
hepatic vein (white 
arrow)
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�Conclusion

With appropriate training and education, lapa-
roscopic liver resection can be safely per-
formed in patients with liver cirrhosis. The 
benefit of this approach is obvious and it is 
likely to become a mainstream because of its 
potential benefits.
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Robotic Liver Resection 
for Malignancies

Rachel E. Beard, Lee M. Ocuin, and Allan Tsung

31.1	 �Introduction

The benefits of minimally invasive surgery for 
quicker patient recovery with reduced complica-
tions are increasingly recognized, and laparo-
scopic abdominal surgery is now an integrated 
part of surgical training. Laparoscopic approaches 
to liver surgery have been widely adopted and are 
increasingly reported in the literature. Multiple 
studies have demonstrated the equivalency, and 
sometimes superiority, of perioperative parame-
ters and short-term postoperative outcomes after 
laparoscopic liver surgery when compared to 
open liver resections, even for major hepatec-
tomy [1–3]. A number of studies have largely 
allayed fears that oncologic outcomes would be 
compromised with a laparoscopic approach to 
liver surgery. Both meta-analyses and case-
controlled series have shown similar rates of mar-
gin positivity, recurrence and survival when 
comparing laparoscopic and open liver resections 
for hepatocellular carcinoma (HCC) [4–6]. 
Likewise, laparoscopy has shown no disadvan-
tages in regards to oncologic outcomes when 
used for colorectal carcinoma (CRC) liver metas-

tases [2, 7–11]. In 2008 an international consen-
sus conference on laparoscopic liver surgery 
composed the Louisville Statement, which was 
issued in 2009 [12]. They deduced that: (1) cur-
rently acceptable indications for laparoscopic 
liver surgery include solitary lesions of 5 cm or 
less that are located in segments 2–6, (2) laparo-
scopic left lateral sectionectomy should be con-
sidered standard of care, (3) major laparoscopic 
liver resections should be performed only by 
experienced surgeons, (4) conversion to open 
procedure should be readily considered for 
patient safety, long operative times and difficult 
resections, (5) a hand-assisted or hybrid approach 
may be beneficial. Importantly, however, a sig-
nificant learning curve for laparoscopic liver sur-
gery has been demonstrated, with a 45–75 cases 
needed for competency [13–17]. Though the fea-
sibility, safety and oncologic efficacy of a laparo-
scopic approach to liver surgery are well 
established, the liver still presents significant 
technical challenges for larger anatomic resec-
tions, owing to the need for mobilization, limited 
space to maneuver and the complex and variant 
vascular and biliary anatomy.

The introduction of the da Vinci Surgical 
System (Intuitive Surgical, Inc., Sunnyvale, CA) 
aimed to address some of the technical short-
comings of laparoscopic surgery. Advantages of 
robotic-assisted surgery include full articulating 
motion that simulates the surgeon’s wrist, an 
improved three-dimensional view of the surgical 
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field, elimination of the physiologic tremor and 
enhanced instrument dexterity for suturing and 
dissection. Disadvantages include the significant 
expense of purchasing and maintaining equip-
ment, a significant learning curve and the loss of 
tactile feedback for the surgeon. Several early 
series demonstrated its safety and success when 
employed in abdominal surgery to treat a variety 
of diseases including antireflux operations, cho-
lecystectomy, bariatric procedures, colon, gas-
tric and adrenal resections [18–20]. Liver 
resections constituted a small minority of initial 
robotic surgeries—seven out of 153 procedures 
in one study and three of 207 in another [19, 20]. 
Over time, advances were made in the applica-
tion of robotic liver surgery and it is now increas-
ingly utilized with increased reports in the 
literature.

31.2	 �Robotic Liver Resection

There are now 19 major series (>9 patients) in the 
literature describing robotic hepatectomy, com-
prising 631 procedures and published between 
2010 and 2016 [21–39] (Table 31.1).

31.2.1	 �Indication and Resection Type

Of the 631 robotic liver resections reported, 
the indication for 461 (73%) was malignancy 
(Table  31.1). All but three of the studies 
reported on specific pathologies and overall the 
most common malignancies were HCC 
(n  =  205) and metastatic CRC (n  =  136) 
(Table 31.3). Of the resections performed 139 
(22%) were classified as major hepatectomy 
comprising a resection of at least three liver 
segments (Table 31.2).

31.2.2	 �Operative Time

All 19 series included data on operative times 
that ranged from 45 to 812  min (Table  31.2). 
Importantly a number of studies included proce-
dures during which simultaneous other surger-
ies were performed, most frequently colectomies 
in the case of synchronous metastatic colorectal 
cancer [22, 26, 29–33, 36]. The shortest reported 
operative times were 163 minutes as reported by 
Kingham et  al. with only 9% of resections in 
that series constituting major hepatectomies, 

Table 31.1  Major series of robotic liver resections (≥9 patients)

Study Center Patients (n) Malignant (%) Reference

Giulianotti et al. (2011) Chicago, USA 70 42 (60) [29]

Lee et al. (2016) Hong Kong, China 70 52 (74) [37]

Kingham et al. (2016) New York, USA 64 50 (78) [36]

Tsung et al. (2014) Pittsburgh, USA 57 40 (70) [24]

Wu et al. (2014) Taipei, Taiwan 52 39 (75) [21]

Lai et al. (2013) Hong Kong, China 41 41 (100) [22]

Troisi et al. (2013) Ghent, Belgium 40 28 (70) [33]

Montalti et al. (2016) Ghent, Belgium 36 26 (72%) [38]

Choi et al. (2012) Seoul, Korea 30 21 (70) [28]

Tranchart et al. (2014) Perugia, Italy 28 15 (54) [32]

Chan et al. (2011) Hong Kong, China 27 21 (78) [27]

Spampinato et al. 
(2014)

Italy 25 17 (68) [31]

Casciola et al. (2011) Spoleto, Italy 23 19 (83) [26]

Ji et al. (2011) Beijing, China 13 8 (62) [30]

Yu et al. (2014) Seoul, Korea 13 10 (77) [34]

Kim et al. (2016) Seoul, Korea 12 7 (58) [39]

Packiam et al. (2012) Pittsburgh, USA 11 6 (55) [23]

Croner et al. (2016) Erlangen, Germany 10 10 (100) [35]

Berber et al. (2010) Cleveland, USA 9 9 (100) [25]

Total 631
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Table 31.3  Oncologic outcomes

Study

Type of tumor (n)
Resection 
(%) Pathology Follow-up

CRC HCC Other R0 R1

Tumor 
size, 
mm ± SD 
(range)

Margins, 
mm ± SD 
(range)

Follow-up, 
months ± SD 
(range)

Postoperative 
oncologic 
outcomes

Giulianotti 
et al. [29]

16 13 13 100 0 47 
(11–110)

15 (1–70) NR NR

Lee et al. [37] 8 40 4 100 1 25 
(10–120)

15 (0–60) NR NR

Kingham et al. 
[36]

NR NR NR 98 NR 25 
(30–145)

NR NR NR

Tsung et al. 
[24]

21 7 12 100 0 32 
(20–50)

NR NR NR

Wu et al. [21] 0 38 1 NR NR 34 ± 17 NR NR NR

Lai et al. [22] 0 41 0 93 7 34 ± 1.9 NR 14 15% 
recurrence 
rate; 2 years 
OS/DFS: 
94%/74%

Troisi et al. 
[33]

24 3 1 89 11 52 ± 38 NR 9.6 (CRC) 37% 
recurrence 
rate; 1/3 years 
DFS: 
79%/62%

Montalti et al. 
[38]

21 3 2 NR 11 44 ± 31 
(2–110)

NR NR OS for CRC 
92, 65, 40% at 
1, 3, 5 years

Choi et al. [28] 4 13 4 NR NR 31 (8–50) 21 (1–35) HCC: 11 
(5–29)

1 CRC 
recurrence at 5 
mosCRC: 12 

(3–22)

Other: 21 
(3–22)

Tranchart et al. 
[32]

NR NR 15 NR NR 35 
(6–115)

NR NR NR

Chan et al. 
[27]

7 13 1 NR NR NR NR NR NR

Spampinato 
et al. [31]

11 2 3 100 0 NR NR NR NR

Casciola et al. 
[26]

14 3 2 100 0 34 ± 18 15 ± 8 25 ± 12 1 HCC 
recurrence; 2 
CRC 
recurrence

Ji et al. [30] 0 6 2 100 0 64 
(18–120)

NR NR NR

Yu et al. [34] 0 10 0 NR NR 31 ± 16 19 ± 10 NR NR

Kim et al. [39] 1 6 0 100 0 23 
(20–36)

18 (9–35) NR NR

Packiam et al. 
[23]

NR NR 6 NR NR 55 
(24–65)

NR NR NR
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and 175  minutes by Packiam et  al. which 
reported exclusively on left lateral sectionecto-
mies [23, 36]. In the 13 series that compared 
laparoscopic to open liver resections, 5 series 
reported significantly longer operative times 
with robotic resections [21, 24, 35, 37, 39].

31.2.3	 �Estimated Blood Loss 
and Transfusion Requirement

All series reported intraoperative estimated 
blood loss (EBL) and amounts ranged from 30 
to 415  mL (Table  31.2). The lowest EBL of 
30  mL was reported by Packiam et  al. and all 
patients in that series underwent left lateral sec-
tionectomy [23]. Spaminato et  al. reported 
exclusively on major hepatectomies and 
reported an EBL value of 250  mL [31]. The 
highest EBL was 415 mL reported by Montali 
et  al., however that series reported only on 
tumors located in the difficult to access postero-
superior liver segments [38].

31.2.4	 �Conversion Rate

Conversion rates ranged from 0 to 20% across 
series (Table  31.2). Of the 631 robotic proce-
dures reported, 45 were converted to an open 
procedure for an overall conversion rate of 
7.1%. Reasons for conversion included bleed-
ing, concern for oncologic margins, adhesions 

and prolonged operatives times. The largest 
review laparoscopic liver resection by Nguyen 
et al. included 2804 patients and reports a con-
version rate of 4% [1]. In the 13 series that com-
pared laparoscopic and open robotic resections, 
only Troisi et  al. reported a higher conversion 
rate with robotic procedures (20 vs. 7.6%; 
p = 0.034) [33] (Table 31.5).

31.2.5	 �Morbidity and Mortality

Of the 631 patients included across all major 
series, 102 suffered a complication for an over-
all rate of 16%, with a range of 0–43% 
(Table 31.2). The two series reporting a compli-
cation rate of 43% were among the earlier series 
published—Choi et  al. (2012) and Casciola 
et  al. (2011). Five studies reported complica-
tion rates of less than 10% [21, 22, 27, 30, 34]. 
By comparison Nguyen et al. reports a compli-
cation rate of 10.5% [1]. Of the 13 major series 
that compared laparoscopic to robotic proce-
dures, only Packiam et al. reported a higher rate 
of minor complications with robotic approach 
(27 vs. 0%, p = 0.019) [23] (Table 31.5). Of the 
631 patients included in the 19 major series 
there were three mortalities. Montalti et  al. 
reported the death of one patient on postopera-
tive day four from a myocardial infarction [38]. 
Kingham et  al. reported the death of two 
patients at 90  days and the causes were not 
stated [36].

Table 31.3  (continued)

Study

Type of tumor (n)
Resection 
(%) Pathology Follow-up

CRC HCC Other R0 R1

Tumor 
size, 
mm ± SD 
(range)

Margins, 
mm ± SD 
(range)

Follow-up, 
months ± SD 
(range)

Postoperative 
oncologic 
outcomes

Croner et al. 
[35]

5 4 1 100 100 48 
(29–105)

57 
(10–150)

NR NR

Berber et al. 
[25]

4 3 2 100 0 32 ± 13 NR 14 1 Distant and 
1 local 
recurrence

NR not reported, DFS disease free survival, OS overall survival, CRC colorectal carcinoma, HCC hepatocellular 
carcinoma
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Table 31.5  Major series comparing robotic to laparoscopic liver resections

Study LR (n) RR (n) Significant cohort differences Significant outcome differences

Lee et al. 
[37]

66 70 • � More recurrent pyogenic cholangitis 
with RR (20 vs. 2%, p = 0.001)

• � Longer operative time with RR 
(252 vs. 215 min, p = 0.008)

• � More major hepatectomy with RR 
(20 vs. 3%, p = 0.002)

• � More wedge resection with LR (52 
vs. 24%, p = 0.001)

Montalti 
et al. [38]

72 36 None • � More frequent and longer 
Pringle with RR (56 vs. 22%; 
p = 0.001 and 77 vs. 25 min; 
p < 0.001)

Croner 
et al. [35]

19 10 • � More previous abdominal surgery in 
open group (1.36 OR vs. 0.58 LR vs. 
0.90 RR; p = 0.007)*

• � Longer operative times with 
RR (186 OR vs. 242 LR vs. 
321 RR; p = 0.001)*

• � Longer LOS with LR (10 OR 
vs. 8 LR vs. 7 days RR; 
p = 0.004)*

Kim et al. 
[39]

31 12 None • � Longer operative times for RR 
(337 vs. 216 min; p = 0.001)

Tsung et al. 
[24]

57 114 None • � Longer operative times for RR 
(253 vs. 199 min; p < 0.001)

• � Higher rates of purely MIS for 
major hepatectomy with RR 
(81 vs. 7%, p < 0.05)

Table 31.4  Major series comparing robotic to open liver resections

Study
Open 
procedures (n)

Robotic 
procedures (n)

Significant cohort 
differences Significant outcome differences

Kingham 
et al. [36]

64 64 • � More hypertension 
with RR (42 vs. 0%; 
p < 0.001)

• � Shorter operative time with RR 
(163 vs. 210 min; p = 0.017)

• � Higher EBL with OR (300 vs. 
100 mL; p < 0.001)

• � Higher intraoperative transfusion 
with OR (14 vs. 1.6%; p < 0.03)

• � More need for Pringle with OR 
(75 vs. 9.4%, p < 0.001)

• � Shorter LOS with RR (4 vs. 
7 days; p < 0.001)

• � More synchronous organ resection 
with OR (20 vs. 11%; p = 0.003)

Croner 
et al. [35]

53 10 • � More previous 
abdominal surgery 
in open group (1.36 
OR vs. 0.58 LR vs. 
0.90 RR; p = 0.007)*

• � Longer operative times with RR 
(186 OR vs. 242 LR vs. 321 RR; 
p = 0.001)*

• � Longer LOS with OR (10 OR vs. 8 
LR vs. 7 days RR; p = 0.004)*

Ji et al. [30] 32 13 Statistical analysis not performed
*P-values provided compare open, laparoscopic and robotic cohorts
OR open resection, RR robotic resection, LR laparoscopic resection, EBL estimated blood loss, LOS length of stay
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Table 31.5  (continued)

Study LR (n) RR (n) Significant cohort differences Significant outcome differences

Tranchart 
et al. [32]

28 28 • � More solitary tumors with LR (22 vs. 
28; p = 0.02)

• � More frequent Pringle with RR 
(12 vs. 0; p = 0.001)

• � More superior/posterior segment 
tumors with RR (14 vs. 3; p = 0.003)

• � Higher number of lesions with RR (1, 
range 1–5 vs. 1; p = 0.03)

• � More associated procedures with RR 
(10 vs. 2; p = 0.02)

Yu et al. 
[34]

17 13 None None

Spampinato 
et al. [31]

25 25 • � More neoadjuvant chemotherapy with 
LR (68 vs. 12%; p < 0.001)

• � More frequent Pringle 
maneuver with LR (32 vs. 0%, 
p = 0.004)

Wu et al. 
[21]

69 52 • � Older age for RR (61 vs. 54 years, 
p = 0.04)

• � Higher EBL with RR (325 vs. 
173 mL, p = 0.03)

• � Larger tumors size for RR (3.4 vs. 
2.5 cm, p = 0.02)

• � Longer operative time with RR 
(380 vs. 227 min, p = 0.04)

• � More resection >2 segments for RR 
(78 vs. 37%, p = 0.04)

Troisi et al. 
[33]

223 40 • � Older age in RR (65 vs. 55 years; 
p = 0.001)

• � Higher EBL with RR (330 vs. 
174 mL, p < 0.001)

• � More males in RR (68 vs. 44%; 
p = 0.01)

• � More frequent Pringle 
maneuver with RR (45 vs. 3%, 
p < 0.001)

• � Previous abdominal surgery in LR 
(33 vs. 66%; p < 0.001)

• � More frequent conversion with 
RR (20 vs. 7.6%, p = 0.034)

• � Combined colorectal surgery in RR 
(25 vs. 2.7, p < 0.001)

• � More neoadjuvant chemotherapy in 
LR (13 vs. 38%, p < 0.004)

• � Higher mean lesion number in RR 
(1.97 vs. 1.57; p = 0.04)

• � More major hepatectomy in LR group 
(0 vs. 17%, p = 0.011)

• � More posterior, superior segment 
resections in RR (55 vs. 34%, 
p = 0.019)

Packiam 
et al. [23]

18 11 None • � Higher rate of minor 
complications in RR (27 vs. 
0%; p = 0.019)

• � Higher ICU admission rate 
with RR (46 vs. 6%; p = 0.01)

• � Longer LOS with RR (4 vs. 3; 
p = 0.031)

Ji et al. [30] 20 13 Statistical analysis not performed

Berber 
et al. [25]

9 23 None None

*P-values provided compare open, laparoscopic and robotic cohorts
LR laparoscopic resection, RR robotic resection, OR open resection, EBL estimated blood loss, ICU intensive care unit, 
MIS minimally invasive surgery, LOS length of stay
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31.2.6	 �Length of Stay (LOS)

Median length-of-stay (LOS) was reported in 17 
of the 19 series and ranged from four to 12 days 
(Table 31.2). In their review of laparoscopic liver 
resections, Nguyen et  al. reported variability in 
regards to hospital stay based on country, with 
the shorter LOS in the USA and longer LOS in 
Asia and Europe [1]. Indeed, for robotic resec-
tions the three series reporting a median LOS of 
four days were American, whereas the series that 
reported 12 days originated from Korea [23, 24, 
28, 36]. Both of the studies that compared open 
and robotic liver resections and performed statis-
tical analysis reported significantly shorter LOS 
with robotic approach [24, 35] (Table 31.4). Two 
of the 13 studies comparing robotic and laparo-
scopic resections demonstrated a longer LOS 
with robotic approach [23].

31.2.7	 �Oncologic Outcomes

Oncologic outcomes were not consistently 
reported across studies (Table 31.3). R0 resection 
rate, when reported, was generally high ranging 
from 89 to 100%. Tumor size tended to be small 
ranging from 25 to 48  mm. Only a few series 
reported on margin status and even fewer reported 
any long-term follow-up or data on recurrence or 
survival.

31.3	 �Robotic Compared to Open 
Liver Resection

Three of the published major series compared 
robotic-assisted liver resection to open procedures 
[35, 36] (Table 31.4). The largest and most recent 
was reported by Kingham et al. and case-matched 
64 robotic to 64 robotic hepatectomies at the same 
center [36]. Of their 64 robotic cases, 35 (55%) 
were for metastatic cancer and 13 (20%) were for 
primary liver cancer, though the specific patholo-
gies were not specified. Another 13 (30%) were 
performed for benign pathology though seven of 
these tumors were found to be potentially prema-
lignant gallbladder polyps or adenomas. The indi-

cations for surgery in the open resection cohort 
were not significantly different. They reported 
positive margins in 1.6% of robotic resections and 
14% of open resections but this did not reach sta-
tistical significance (p = 0.4%) and they did not 
differentiate between R1 and R2 resections. 
Patients were matched based on resection type 
and on benign or malignant pathology, and the 
only significant difference in the patient demo-
graphics was more hypertension in the robotic 
group (42 vs. 0%, p < 0.001). Intraoperatively the 
open cohort had longer median operative times 
(210 vs. 163 min, p = 0.017), higher median EBL 
(300 vs. 100 mL; p < 0.001), higher rate of intra-
operative transfusion (14 vs. 1.6%; p  =  0.03), 
greater need for Pringle maneuver (75 vs. 9.4%; 
p  <  0.001) and more synchronous organ resec-
tions (20 vs. 11%; p = 0.003) than did the robotic 
cohort. Tumor number, size and margin positivity 
were not significantly different nor were postop-
erative complications, need for readmission or 
mortality (3% for robotic and 1.6% for open at 
90 days; p = 1.0).

Croner et al. case-matched ten patients under-
going robotic resection to a control group of 53 
contemporaneous open procedures at a single 
institution [35]. They also included a group of 19 
patients undergoing laparoscopic resection so 
while statistical analysis was performed, p-values 
provided are derived from comparison amongst 
all three cohorts. The only statistically significant 
demographic difference between groups was a 
higher mean number of previous abdominal sur-
geries in the open group (1.36 open vs. 0.58 lapa-
roscopic vs. 0.90 robotic; p  =  0.007). The 
operative times were lower for the open group 
(186 open vs. 242 laparoscopic vs. 321  min 
robotic; p  =  0.001). All other intraoperative 
parameters including EBL, tumor pathology 
characteristics and margin status were not signifi-
cantly difference. Postoperatively the LOS was 
highest in the open group (10 open vs. 8 laparo-
scopic vs. 7  days robotic; p  =  0.004), whereas 
morbidity, mortality and measures of postopera-
tive pain were comparable between groups.

Ji et  al. compared 13 consecutive robotic 
resections to a contemporary cohort-matched 
group of 32 open resections [30]. Though they 
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reported and compared perioperative outcome 
parameters no statistical analysis was performed, 
making any true cohort comparison difficult. 
Mean operative times were longer for the robotic 
group (338 vs. 205  min) and mean EBL was 
higher in the open group (470 vs. 280 mL) as was 
transfusion requirement (4 vs. 0  units PRBC). 
LOS was longer for the open group (9.6 vs. 
6.7 days).

31.4	 �Robotic Compared 
to Laparoscopic Liver 
Resection

Thirteen of the published major series compare 
laparoscopic and open liver resections [16, 21, 
23–25, 31–35, 37–39] (Table 31.5). Most of the 
studies were retrospective and many reported on 
consecutive patients series, some with case 
matching. As of yet there are no randomized con-
trolled trials comparing the two approaches.

Lee et al. retrospectively compared 66 laparo-
scopic to 70 robotic resections performed at a 
single institution [37]. There were more major 
hepatectomies performed in the robotic group 
(20 vs. 3%, p = 0.002) and longer operative times 
with robotic resections (252 vs. 215  min; 
p = 0.008). There were no differences in conver-
sion rate, blood loss, hospital stay or morbidity. 
There was no mortality in either group. In a sub-
group analysis looking solely at left lateral sec-
tionectomies, all perioperative outcomes were 
statistically similar between the two groups.

Montalti et al. performed a 1:2 matched pro-
pensity score analysis between 36 robotic and 72 
laparoscopic parenchymal-preserving liver resec-
tions of the posterosuperior segments performed 
at two institutions [38]. Patient demographics 
and disease characteristics were comparable. 
Intraoperative blood loss, conversion rate, and 
operative times were not significantly different 
but robotic procedures more often required a 
Pringle maneuver and for longer time periods (56 
vs. 22%; p = 0.001 and 77 vs. 25 min; p < 0.001). 
Postoperatively the groups had identical compli-
cation rates (19.4%, p  =  1.0) and though LOS 
was longer for the robotic group this did not 

reach statistical significance (6  ±  2.9 vs. 
4.9 ± 2.95; p = 0.07).

Croner et  al. included only minor resections 
and compared 10 robotic to 19 laparoscopic 
resections performed at a single institution [35]. 
They also compared these patients to a case-
matched control group of 53 open resections 
done during the same time period, and statistical 
analysis reported provided p-values comparing 
all three groups. The only statistically significant 
demographic difference between groups was a 
higher mean number of previous abdominal sur-
geries in the open group (1.36 open vs. 0.58 lapa-
roscopic vs. 0.90 robotic; p  =  0.007). The 
operative times were lower for the open group 
(186 open vs. 242 laparoscopic vs. 321  min 
robotic; p = 0.001) with all other intraoperative 
measures including EBL, tumor pathology char-
acteristics and margin status being comparable. 
The LOS was highest in the open group (10 open 
vs. 8 laparoscopic vs. 7 days robotic; p = 0.004), 
and morbidity, mortality and measures of postop-
erative pain were not significantly different.

Kim et al. retrospectively compared 12 robotic 
to 31 laparoscopic left lateral sectionectomies at 
a single institution [39]. There were no differ-
ences in the cohort demographics or in the tumor 
characteristics. The mean operation times were 
significantly longer for the robotic group (404 vs. 
246 min; p < 0.001) but EBL was comparable. 
Postoperatively all of the reported parameters 
including LOS and rates of complication were 
comparable. There were also no significant dif-
ferences in disease-free or overall survival 
between the two groups (p  =  0.462 and 0.484, 
respectively).

Tsung et al. performed a 1:2 matched analysis 
between 57 robotic and 114 laparoscopic hepatic 
resections [24]. Demonstrated intraoperative dif-
ferences included longer operative times for 
robotic cases (median 253 vs. 199 min; p < 0.001) 
and higher rates of purely minimally invasive 
major hepatectomies with a robotic approach (81 
vs. 7%; p < 0.05). No differences were demon-
strated in blood loss, transfusion, R0 resection, 
LOS, morbidity or mortality.

Tranchart et al. performed a case matched com-
parative study between 28 robotic liver resections 
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performed at an Italian institution to 28 laparo-
scopic liver resections performed at a French cen-
ter [32]. Patients in the robotic cohort had fewer 
solitary tumors, more tumors located in the supe-
rior/posterior segments, a higher number of lesions 
and more associated procedures, mostly colecto-
mies, than did the laparoscopic cohort. 
Intraoperatively the robotic group more frequently 
required Pringle maneuver (12 vs. 0; p = 0.001) 
but otherwise EBL and conversion were compa-
rable. Postoperatively none of the parameters 
including morbidity, mortality or LOS were sig-
nificantly different.

Yu et  al. included only patients undergoing 
left hemihepatectomy or left lateral sectionec-
tomy and compared 13 robotic to 17 laparoscopic 
resections at a single center [34]. There were no 
differences in preoperative characteristics or 
tumor pathology. No intraoperative parameters or 
postoperative outcomes were significantly differ-
ent between groups.

Spampinato et al. pooled data from four hepa-
tobiliary centers and retrospectively compared 25 
laparoscopic to 25 robotic major hepatectomies 
[31]. The only significant demographic differ-
ence was more neoadjuvant chemotherapy in the 
laparoscopic group (68 vs. 12%; p  <  0.001). 
Intraoperatively the only difference was a greater 
need for Pringle maneuver with the laparoscopic 
group (32 vs. 0%; p  =  0.004). Postoperatively 
there was a quicker return of bowel function with 
shorter reported time of first flatus (1 vs. 3 days; 
p = 0.023) and earlier tolerance of liquid diet (1 
vs. 2  days; p  =  0.001) with the laparoscopic 
group. Tumor margin status, morbidity, mortal-
ity, readmission and LOS were all comparable.

Wu et al. compared 52 robotic to 69 laparo-
scopic liver resections at a single institution [21]. 
The extent of the resections performed roboti-
cally was greater with 78% of patients having a 
resection of more than two segments compared to 
37% of laparoscopic patients (p = 0.04). Operative 
times were longer for the robotic group (mean 
380 vs. 227 min; p = 0.04) and EBL was higher 
(mean 325 vs. 173 mL; p = 0.03). There was no 
difference in conversion rate, length of stay or 
morbidity, and there was no mortality in either 
group.

Troisi et al. compared 223 consecutive laparo-
scopic liver resections performed at an institution 
in Ghent, Belgium to 40 consecutive robotic 
resections at an institution in Spoleto, Italy [33]. 
A number of differences in the cohort demo-
graphics were demonstrated with the robotic 
group being more elderly (65 vs. 55  years; 
p < 0.001) and more predominantly male (68 vs. 
44%; p = 0.01). The laparoscopic group also had 
higher rates of previous abdominal surgery and 
neoadjuvant chemotherapy, whereas the robotic 
group had a higher percentage of combined 
colorectal procedures. Indication for surgery and 
mean tumor size were not significantly different, 
but the laparoscopic group had a higher mean 
lesion number (1.97 vs. 1.57; p  =  0.04). More 
major hepatectomies were performed in the lapa-
roscopic group and more posterior-superior seg-
ment resections were performed in the robotic 
group. Intraoperatively the robotic group had 
higher median EBL (330 vs. 174 mL; p < 0.001), 
more frequent need for Pringle maneuver (45 vs. 
2.7%; p < 0.001), and higher conversion rates (20 
vs. 7.6%; p  =  0.034), most frequently due to 
bleeding. Postoperatively there were no signifi-
cant differences in morbidity or mortality.

Packiam et  al. retrospectively compared 11 
robotic to 18 laparoscopic resections at a single 
center. Patients undergoing robotic resection had 
more intensive care unit (ICU) admissions (46 vs. 
6%; p = 0.01), longer length of stay and increased 
rate of minor complication than the laparoscopic 
cohort [23]. There were no differences in major 
complications, conversion rate, EBL, transfu-
sions or operative time. There was no mortality in 
either group.

Ji et  al. compared 13 consecutive robotic 
resections to 20 laparoscopic hepatectomies that 
were contemporaneous and cohort-matched at a 
single institution [30]. In the laparoscopic group, 
mean operative times were shorter (130 vs. 
338  min) and conversions were higher (2 vs. 0 
conversions), however statistical analysis was not 
performed.

Berber et  al. prospectively compared nine 
robotic resections performed over a 1-year period 
to 23 laparoscopic resections at the same institu-
tion [25]. One robotic case was converted to open 
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whereas none were in the laparoscopic group, 
and one patient in the robotic group had a postop-
erative complication compared to four in the 
laparoscopic group. However no clinical, opera-
tive or postoperative parameters reached a clini-
cally significant difference, likely in part due to 
small sample size.

31.5	 �Systematic Reviews 
and Meta-analyses

A number of meta-analyses have aimed to pool 
data to compare outcomes following robotic hep-
atectomy. Recently Nota et  al. performed a 
review and meta-analysis of 12 studies with 363 
patients with subgroup analyses of (i) minor 
resections of easily accessible segments (2/3, 4B, 
5, 6), (ii) minor resections of difficult located 
segments (1, 4A, 7, 8), and (iii) major resections 
(≥4 segments) [40]. When surgical outcomes 
were pooled they reported a mean operative time 
of 300  min, mean EBL of 230  mL, conversion 
rate of 1% and mean LOS of 5 days for subgroup 
(i) and a mean operative time of 220 min, mean 
EBL of 170 mL, conversion rate of 0% and mean 
LOS of 5 days for subgroup (ii). All parameters 
were higher for major resections with mean oper-
ative time of 405  min, mean EBL of 380  mL, 
conversion rate of 8% and mean LOS of 11 days.

Meta-analyses have also been performed with 
studies comparing laparoscopic and robotic liver 
resections. Montalti et  al. performed a meta-
analysis of seven articles published between 
2010 and 2014 encompassing 694 patients with 
479 laparoscopic resections and 215 robotic 
resections [41]. After pooling data they demon-
strated a significantly lower mean blood loss 
(mean difference = 83.96, 95%CI: 10.51–157.41, 
p = 0.03) and lower operative times (mean differ-
ence 68.43, 95%CI: 39.22–97.65, P < 0.00001) 
with the laparoscopic approach. No differences 
were demonstrated with regards to conversion 
rate, morbidity, hospital stay or R1 resections. 
Qiu et al. performed a meta-analysis of nine stud-
ies involving 774 patients comparing laparo-
scopic and robotic resections [42]. They also 
found longer operative time with robotic proce-

dures (mean difference 48.49; 95% confidence 
interval (CI) 22.49–74.49 min; p = 0.0003) but no 
significant differences in EBL, LOS, morbidity 
or surgical margin.

Jackson et  al. performed a systemic review 
and meta-analysis of articles comparing laparo-
scopic hepatectomy with both robotic and open 
resections [43]. They included 49 articles, three 
of which compared laparoscopic and robotic 
resections and 46 of which compared laparo-
scopic to open approaches, including 3702 
patients comprising 1901 laparoscopic resec-
tions, 1741 open resections and 60 robotic proce-
dures. Their outcomes were operative time, blood 
loss, LOS, resections margins, morbidity, mortal-
ity and cost. They found no difference in any of 
these outcomes between laparoscopic and robotic 
approaches, whereas open procedures had greater 
EBL, longer LOS and higher complications rates. 
Their operative cost analysis included three stud-
ies comparing laparoscopy to open surgery and 
one study comparing robotic and open surgery 
[23] and showed a non-significant trend towards 
higher total operative cost for minimally invasive 
approaches ($334, 95% CI, −$753.50 to 
$1421.60).

31.6	 �The Cost of Robotic Surgery

Seven of the major case series provided some 
degree of analysis on cost [23, 25, 29, 30, 34, 
35, 39] (Table 31.6). Most of these studies pro-
vided numerical data on comparative costs with 
the exceptions of Berber et  al., which roughly 
estimated that the robotic equipment added a 
$500 per case increase to the laparoscopic 
equipment cost, and Montalti et  al., who 
reported the mean instrumentation costs of their 
laparoscopic procedures to be €1406 and then 
referenced the estimate by Berber et al. [25, 38]. 
Kim et  al. reported a significantly higher total 
cost with their robotic compared to their laparo-
scopic procedures ($8183 vs. $5190; p = 0.009). 
They also looked at total costs amongst cancer 
patients compared to those with benign patholo-
gies and found that only the cancer patients 
undergoing robotic surgery had a significantly 
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higher cost ($8302 vs. $4535; p  =  0.002), 
whereas for the benign patient cohort the costs 
were comparable ($8017 vs. $7437; p = 0.826) 
[39]. Croner et al. reported the highest periop-
erative cost with robotic surgery (€8765, 64% of 
the total surgical cost), followed by laparoscopic 
surgery (€3437, 42% of the total surgical cost), 
and lastly open surgery (€2672, 36% of the total 
surgical cost), however statistical analysis for 
this metric was not performed [35].

Yu et al. found that the total medical cost of 
robotic procedures was significantly higher than 
laparoscopic procedures ($11,475 vs. $6762; 
p < 0.001) despite a trend towards shorter hospi-
tal stay (7.8 vs. 9.5 days; p = 0.053) [34]. Packiam 
et al. compared the direct costs of operating room 
supplies and found that though the costs for their 
robotic procedures were higher than for laparo-
scopic, the difference did not reach statistical sig-
nificance ($5130 vs. $4408; p = 0.4) [23]. Ji et al. 
found that total hospital cost of the robotic proce-
dures ($12,046) exceeded the cost of both the 
laparoscopic ($7618) and open procedures 
($10,548), however no statistical analysis was 
performed [30].

The cost of the da Vinci robotic surgical sys-
tem was reported at $1.2 million US dollars with 
an annual of $138,000 for maintenance in 2009 
[44, 45]. A number of studies have compared the 
expense of robotic liver resection to that of open 
and laparoscopic approaches. One recent single 
institution retrospective study from the University 
of Washington compared cost data for 71 robotic 

hepatectomies to 88 open procedures and found 
that despite higher perioperative costs for the 
robotic procedures, the postoperative costs and 
subsequent direct hospital costs were lower when 
compared with open procedures ($14,754 vs. 
$18,998; p  =  0.001), perhaps owing to a 2 day 
shorter hospital stay on average after robotic pro-
cedures (4.2 vs. 6.5 days; p < 0.001) [46]. The 
increased cost of minimally invasive techniques 
is certainly significant, but data thus far is incon-
sistent and these parameters are likely to change 
as the market surrounding this technology 
evolves.

31.7	 �Current Status and Future 
Applications

Robotic liver surgery is increasingly gaining 
acceptance is it becomes more widespread and 
increasingly analyzed. Studies have shown that it 
is feasible for all kinds of liver resections, includ-
ing difficult to access segments and major resec-
tions, and that it is well-tolerated with acceptable 
intraoperative and short-term postoperative out-
comes, including EBL and conversion rate, which 
are largely comparable to those achieved with a 
laparoscopic approach. Some studies have dem-
onstrated longer operative times with a robotic 
approach but as Tsung et al. demonstrated these 
times can decrease as experience is gained [24]. 
Though the data on oncologic outcomes is some-
what limited, parameters such as R0 resections 

Table 31.6  Major studies including cost analysis

Study

Cost parameter 
reported

Robotic cases Laparoscopic cases Open cases

p-Valuen Cost n Cost n Cost

Kim et al. 
[39]

Total cost 12 $8183 31 $5190 NA NA 0.009

Croner et al. 
[35]

Perioperative costs 10 €8765 19 €3437 53 €2672 NR

Yu et al. 
[34]

Total medical cost 13 $11,475 17 $6762 NA NA <0.001

Packiam 
et al. [23]

Direct cost of 
operating room 
supplies

11 $5130 18 $4408 NA NA 0.40

Ji et al. [30] Hospital cost 13 $12,046 20 $7618 32 $10,548 NR

NR not reported, NA not applicable
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and tumor margins do not appear to be compro-
mised with robotic surgery.

As experience with robotic surgery is gained, 
both on an individual and institutional level, out-
comes improve. King et al. describes the imple-
mentation of a robotics program over a 5-year 
period at a major academic center [47]. The study 
looked at 1236 robotic surgeries performed by 14 
surgeons, 157 of which were liver procedures. 
From 2009 to 2014, operative volume increased 
(7 cases/month vs. 24 cases/month; p  <  .001), 
mean operative times decreased (471 vs. 211 min; 
p  <  .001), conversion rates decreased (12 vs. 
1.7%; p = .009) and morbidity decreased (49 vs. 
12%; p < .001).

Novel techniques in robotic liver surgery are 
increasingly reported as its applications continue 
to be expanded. In managing colorectal liver 
metastases, robotic resections are now combined 
with not only resection of the primary tumor but 
also with lung metastases [48, 49]. Small num-
bers of robotic resections for intrahepatic cholan-
giocarcinomas have been reported and radical 
resections for hilar cholangiocarcinomas are now 
described, though perioperative and oncologic 
outcomes have raised some concerns [50, 51]. An 
entirely robotic ALPPS (associating liver parti-
tion and portal vein ligation in staged hepatec-
tomy) procedure has also been performed [52].

In moving forward, the challenge will also lie 
in clarifying the indications and optimal surgical 
approach for different liver lesions in order to 
optimize perioperative and oncologic outcomes 
and minimize healthcare costs. Factors specific to 
the patient and to individual tumors combined 
with surgeon expertise and institutional experi-
ence will drive these decisions. In a review spe-
cifically focused on the differentiating indications 
for laparoscopic versus robotic liver surgery, 
Bonapasta et al. noted that the use of robotic sur-
gery has allowed for increasingly complex and 
parenchymal sparing resections, thereby 
expanding the number of patients who may ben-
efit from a less invasive procedure. They also 
pointed out that long-term oncologic outcomes 
for these patients are not yet well established in 
the literature [53].

As experience is gained, applications for a 
robotic approach in liver surgery are expanding 
and outcomes, including operative times, con-
tinue to improve. There is also reason to believe 
that the costs associated with robotic 
approaches may decrease in the future as alter-
native robotic platforms are developed and 
introduced. It is a reasonable expectation that 
robotic liver surgery will become increasingly 
adopted in the future.

References

	 1.	Nguyen KT, Gamblin TC, Geller DA. World review of 
laparoscopic liver resection-2,804 patients. Ann Surg. 
2009;250(5):831–41.

	 2.	Nguyen KT, Laurent A, Dagher I, Geller DA, Steel J, 
Thomas MT, et al. Minimally invasive liver resection 
for metastatic colorectal cancer: a multi-institutional, 
international report of safety, feasibility, and early 
outcomes. Ann Surg. 2009;250(5):842–8.

	 3.	Dagher I, O’Rourke N, Geller DA, Cherqui D, Belli 
G, Gamblin TC, et  al. Laparoscopic major hepatec-
tomy: an evolution in standard of care. Ann Surg. 
2009;250(5):856–60.

	 4.	Xiong JJ, Altaf K, Javed MA, Huang W, Mukherjee R, 
Mai G, et al. Meta-analysis of laparoscopic vs open 
liver resection for hepatocellular carcinoma. World 
J Gastroenterol. 2012;18(45):6657–68.

	 5.	Twaij A, Pucher PH, Sodergren MH, Gall T, Darzi A, 
Jiao LR. Laparoscopic vs open approach to resection 
of hepatocellular carcinoma in patients with known 
cirrhosis: systematic review and meta-analysis. World 
J Gastroenterol. 2014;20(25):8274–81.

	 6.	Takahara T, Wakabayashi G, Beppu T, Aihara A, 
Hasegawa K, Gotohda N, et al. Long-term and periop-
erative outcomes of laparoscopic versus open liver 
resection for hepatocellular carcinoma with propensity 
score matching: a multi-institutional Japanese study. 
J Hepatobiliary Pancreat Sci. 2015;22(10):721–7.

	 7.	Wei M, He Y, Wang J, Chen N, Zhou Z, Wang 
Z. Laparoscopic versus open hepatectomy with or with-
out synchronous colectomy for colorectal liver metasta-
sis: a meta-analysis. PLoS One. 2014;9(1):e87461.

	 8.	Abu Hilal M, Di Fabio F, Abu Salameh M, Pearce 
NW. Oncological efficiency analysis of laparoscopic 
liver resection for primary and metastatic cancer: a 
single-center UK experience. Arch Surg. 2012; 
147(1):42–8.

	 9.	Kazaryan AM, Pavlik Marangos I, Rosseland AR, 
Rosok BI, Mala T, Villanger O, et  al. Laparoscopic 
liver resection for malignant and benign lesions: ten-
year Norwegian single-center experience. Arch Surg. 
2010;145(1):34–40.

31  Robotic Liver Resection for Malignancies



340

	10.	Castaing D, Vibert E, Ricca L, Azoulay D, Adam R, 
Gayet B. Oncologic results of laparoscopic versus open 
hepatectomy for colorectal liver metastases in two spe-
cialized centers. Ann Surg. 2009;250(5):849–55.

	11.	Cannon RM, Scoggins CR, Callender GG, McMasters 
KM, Martin 2nd RC. Laparoscopic versus open resec-
tion of hepatic colorectal metastases. Surgery. 
2012;152(4):567–73, discussion 73–4.

	12.	Buell JF, Cherqui D, Geller DA, O’Rourke N, Iannitti 
D, Dagher I, et al. The international position on lapa-
roscopic liver surgery: the Louisville Statement, 2008. 
Ann Surg. 2009;250(5):825–30.

	13.	Lin CW, Tsai TJ, Cheng TY, Wei HK, Hung CF, Chen 
YY, et  al. The learning curve of laparoscopic liver 
resection after the Louisville statement 2008: will it 
be more effective and smooth? Surg Endosc. 
2016;30(7):2895–903.

	14.	Kluger MD, Vigano L, Barroso R, Cherqui D.  The 
learning curve in laparoscopic major liver resection. 
J Hepatobiliary Pancreat Sci. 2013;20(2):131–6.

	15.	Brown KM, Geller DA. What is the learning curve for 
laparoscopic major hepatectomy? J Gastrointest Surg. 
2016;20(5):1065–71.

	16.	Vigano L, Laurent A, Tayar C, Tomatis M, Ponti A, 
Cherqui D. The learning curve in laparoscopic liver 
resection: improved feasibility and reproducibility. 
Ann Surg. 2009;250(5):772–82.

	17.	Nomi T, Fuks D, Kawaguchi Y, Mal F, Nakajima Y, 
Gayet B. Learning curve for laparoscopic major hepa-
tectomy. Br J Surg. 2015;102(7):796–804.

	18.	Hanly EJ, Talamini MA. Robotic abdominal surgery. 
Am J Surg. 2004;188(4A Suppl):19S–26S.

	19.	Tomulescu V, Stanciulea O, Balescu I, Vasile S, Tudor 
S, Gheorghe C, et al. First year experience of robotic-
assisted laparoscopic surgery with 153 cases in a gen-
eral surgery department: indications, technique and 
results. Chirurgia (Bucur). 2009;104(2):141–50.

	20.	Giulianotti PC, Coratti A, Angelini M, Sbrana F, 
Cecconi S, Balestracci T, et  al. Robotics in general 
surgery: personal experience in a large community 
hospital. Arch Surg. 2003;138(7):777–84.

	21.	Wu YM, Hu RH, Lai HS, Lee PH. Robotic-assisted 
minimally invasive liver resection. Asian J  Surg. 
2014;37(2):53–7.

	22.	Lai EC, Yang GP, Tang CN.  Robot-assisted laparo-
scopic liver resection for hepatocellular carcinoma: 
short-term outcome. Am J Surg. 2013;205(6):697–702.

	23.	Packiam V, Bartlett DL, Tohme S, Reddy S, Marsh JW, 
Geller DA, et  al. Minimally invasive liver resection: 
robotic versus laparoscopic left lateral sectionectomy. 
J Gastrointest Surg. 2012;16(12):2233–8.

	24.	Tsung A, Geller DA, Sukato DC, Sabbaghian S, 
Tohme S, Steel J, et al. Robotic versus laparoscopic 
hepatectomy: a matched comparison. Ann Surg. 
2014;259(3):549–55.

	25.	Berber E, Akyildiz HY, Aucejo F, Gunasekaran G, 
Chalikonda S, Fung J.  Robotic versus laparoscopic 
resection of liver tumours. HPB (Oxford). 2010;12(8): 
583–6.

	26.	Casciola L, Patriti A, Ceccarelli G, Bartoli A, Ceribelli 
C, Spaziani A.  Robot-assisted parenchymal-sparing 
liver surgery including lesions located in the posterosu-
perior segments. Surg Endosc. 2011;25(12):3815–24.

	27.	Chan OC, Tang CN, Lai EC, Yang GP, Li MK. Robotic 
hepatobiliary and pancreatic surgery: a cohort study. 
J Hepatobiliary Pancreat Sci. 2011;18(4):471–80.

	28.	Choi GH, Choi SH, Kim SH, Hwang HK, Kang CM, 
Choi JS, et al. Robotic liver resection: technique and 
results of 30 consecutive procedures. Surg Endosc. 
2012;26(8):2247–58.

	29.	Giulianotti PC, Coratti A, Sbrana F, Addeo P, Bianco 
FM, Buchs NC, et al. Robotic liver surgery: results for 
70 resections. Surgery. 2011;149(1):29–39.

	30.	Ji WB, Wang HG, Zhao ZM, Duan WD, Lu F, Dong 
JH. Robotic-assisted laparoscopic anatomic hepatec-
tomy in China: initial experience. Ann Surg. 
2011;253(2):342–8.

	31.	Spampinato MG, Coratti A, Bianco L, Caniglia F, 
Laurenzi A, Puleo F, et al. Perioperative outcomes of 
laparoscopic and robot-assisted major hepatectomies: 
an Italian multi-institutional comparative study. Surg 
Endosc. 2014;28(10):2973–9.

	32.	Tranchart H, Ceribelli C, Ferretti S, Dagher I, Patriti 
A. Traditional versus robot-assisted full laparoscopic 
liver resection: a matched-pair comparative study. 
World J Surg. 2014;38(11):2904–9.

	33.	Troisi RI, Patriti A, Montalti R, Casciola L.  Robot 
assistance in liver surgery: a real advantage over a 
fully laparoscopic approach? Results of a comparative 
bi-institutional analysis. Int J Med Robot. 2013;9(2): 
160–6.

	34.	Yu YD, Kim KH, Jung DH, Namkoong JM, Yoon SY, 
Jung SW, et  al. Robotic versus laparoscopic liver 
resection: a comparative study from a single center. 
Langenbeck’s Arch Surg. 2014;399(8):1039–45.

	35.	Croner RS, Perrakis A, Hohenberger W, Brunner 
M. Robotic liver surgery for minor hepatic resections: a 
comparison with laparoscopic and open standard proce-
dures. Langenbeck’s Arch Surg. 2016;401(5):707–14.

	36.	Kingham TP, Leung U, Kuk D, Gonen M, D’Angelica 
MI, Allen PJ, et  al. Robotic liver resection: a case-
matched comparison. World J Surg. 2016;40(6):1422–8.

	37.	Lee KF, Cheung YS, Chong CC, Wong J, Fong AK, 
Lai PB. Laparoscopic and robotic hepatectomy: expe-
rience from a single centre. ANZ J Surg. 2016;86(3): 
122–6.

	38.	Montalti R, Scuderi V, Patriti A, Vivarelli M, Troisi 
RI. Robotic versus laparoscopic resections of posterosu-
perior segments of the liver: a propensity score-matched 
comparison. Surg Endosc. 2016;30(3):1004–13.

	39.	Kim YS, Kim MJ, Park SC, Sohn DK, Kim DY, 
Chang HJ, et al. Robotic versus laparoscopic surgery 
for rectal cancer after preoperative chemoradiother-
apy: case-matched study of short-term outcomes. 
Cancer Res Treat. 2016;48(1):225–31.

	40.	Nota CL, Rinkes IH, Molenaar IQ, van Santvoort 
HC, Fong Y, Hagendoorn J.  Robot-assisted laparo-
scopic liver resection: a systematic review and pooled 

R.E. Beard et al.



341

analysis of minor and major hepatectomies. HPB 
(Oxford). 2016;18(2):113–20.

	41.	Montalti R, Berardi G, Patriti A, Vivarelli M, Troisi 
RI.  Outcomes of robotic vs laparoscopic hepatec-
tomy: a systematic review and meta-analysis. World 
J Gastroenterol. 2015;21(27):8441–51.

	42.	Qiu J, Chen S, Chengyou D. A systematic review of 
robotic-assisted liver resection and meta-analysis of 
robotic versus laparoscopic hepatectomy for hepatic 
neoplasms. Surg Endosc. 2016;30(3):862–75.

	43.	Jackson NR, Hauch A, Hu T, Buell JF, Slakey DP, 
Kandil E.  The safety and efficacy of approaches to 
liver resection: a meta-analysis. JSLS. 2015;19(1): 
e2014.00186.

	44.	Amodeo A, Linares Quevedo A, Joseph JV, Belgrano 
E, Patel HR. Robotic laparoscopic surgery: cost and 
training. Minerva Urol Nefrol. 2009;61(2):121–8.

	45.	Patel HR, Linares A, Joseph JV. Robotic and laparo-
scopic surgery: cost and training. Surg Oncol. 
2009;18(3):242–6.

	46.	Sham JG, Richards MK, Seo YD, Pillarisetty VG, 
Yeung RS, Park JO. Efficacy and cost of robotic hepa-
tectomy: is the robot cost-prohibitive? J Robot Surg. 
2016;10(4):307–13.

	47.	King JC, Zeh 3rd HJ, Zureikat AH, Celebrezze J, 
Holtzman MP, Stang ML, et  al. Safety in numbers: 

progressive implementation of a robotics program in 
an academic surgical oncology practice. Surg Innov. 
2016;23(4):407–14.

	48.	Garritano S, Selvaggi F, Spampinato MG. Simultaneous 
minimally invasive treatment of colorectal neoplasm 
with synchronous liver metastasis. Biomed Res Int. 
2016;2016:9328250.

	49.	Xu JM, Wei Y, Wang XY, Fan H, Chang WJ, Ren L, 
et al. Robot-assisted one-stage resection of rectal cancer 
with liver and lung metastases. World J Gastroenterol. 
2015;21(9):2848–53.

	50.	Ocuin LM, Tsung A.  Robotic liver resection for 
malignancy: current status, oncologic outcomes, com-
parison to laparoscopy, and future applications. J Surg 
Oncol. 2015;112(3):295–301.

	51.	Xu Y, Wang H, Ji W, Tang M, Li H, Leng J, et  al. 
Robotic radical resection for hilar cholangiocarcinoma: 
perioperative and long-term outcomes of an initial 
series. Surg Endosc. 2016;30(7):3060–70.

	52.	Vicente E, Quijano Y, Ielpo B, Fabra I. First ALPPS 
procedure using a total robotic approach. Surg Oncol. 
2016;25(4):457.

	53.	Bonapasta SA, Bartolini I, Checcacci P, Guerra F, 
Coratti A. Indications for liver surgery: laparoscopic 
or robotic approach. Updat Surg. 2015;67(2):117–22.

31  Robotic Liver Resection for Malignancies



Part VI

Spleen Malignancies



345© Springer International Publishing AG 2017 
M.A. Cuesta (ed.), Minimally Invasive Surgery for Upper Abdominal Cancer, 
DOI 10.1007/978-3-319-54301-7_32

Minimally Invasive Splenectomy 
for Oncological Diseases 
of the Spleen

Julio Lopez Monclova, Carlos Rodriguez Luppi, 
and Eduardo Mª Targarona Soler

32.1	 �Introduction

Laparoscopic splenectomy (LS) has become the 
gold standard procedure for the treatment of 
benign hematological disorders not associated 
with splenomegaly, such as idiopathic thrombo-
cytopenic purpura (ITP) [1, 2]. The great 
advances in minimally invasive surgery (MIS) 
that have been made over the last two decades did 
also benefit patients suffering from hematologi-
cal malignant diseases However, this patients 
usually develop splenomegaly and the endo-
scopic manipulation of bulky organs is techni-

cally more challenging, and retrieval of the 
specimen may prove difficult. Splenomegaly was 
initially considered a contraindication for LS, 
thus, many malignant hematological diseases 
which are associated with an enlarged spleen 
were traditionally reserved for open splenectomy 
(OS) with its associated increased morbidity. 
Improvements and refinement of LS techniques 
have resulted in the ability to remove an enlarged 
spleen using the laparoscopic approach and pre-
serving all the advantages of the MIS [3–5].

Hematological malignancies rarely require 
major surgical interventions. When needed, 
major surgery in this setting typically involves 
either splenectomy, removal of an intra-
abdominal or retroperitoneal mass, or lymph 
node sampling for staging.

The advantages of MIS for cancer treatment 
are widely accepted these days. It should be kept 
in mind that patients requiring splenectomy are 
usually elderly and frail, so a less invasive 
approach to their treatment may be an 
advantage.

32.2	 �Overview of Primary 
Hematological Malignancies

32.2.1	 �Hodgkin’s Lymphoma

Hodgkin’s lymphoma (HL) is a curable malig-
nancy that shows a bimodal curve in incidence in 
economically developed countries; there is a 
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putative association with Epstein–Barr virus. 
The incidence of HD in European countries is 
about 2.2/100,000/year. The World Health 
Organization 2008 classification schema recog-
nizes two histological types of HL: the nodular 
lymphocyte predominant and the “classic” 
HL. The latter encompasses four entities: nodu-
lar sclerosis, mixed cellularity, lymphocyte 
depletion, and lymphocyte-rich [6]. Most 
patients with HL present with asymptomatic 
superficial lymphadenopathy. The most common 
sites of disease are the cervical, supraclavicular 
and mediastinal lymph nodes, while sub-dia-
phragmatic, bone marrow, and hepatic involve-
ment are less common. Splenic involvement is 
usually concomitant with hepatic disease and 
systemic symptoms; extranodal presentations 
are quite rare. Systemic symptoms are present in 
∼35% of cases. The stage of disease is defined 
according to the Ann Arbor staging system or its 
Cotswolds variant, and staging work-up includes 
physical examination, chest X-rays, chest and 
abdominal CT scan, and bone marrow biopsy. 
18FDG-PET (18fluordeoxyglucose positron 
emission tomography) plays a central role in 
staging, response assessment and prognosis defi-
nition [7]. The choice of chemotherapeutic regi-
men combined with radiation therapy of 
30–36 Gy depends on the clinical stage. ABVD, 
using a combination of four drugs (Adriamycin, 
Bleomycin, Vinblastine, Dacarbazine), or 
BEACOPP for advanced stage, (Bleomycin, 
Etoposide, Adriamycin, Cyclophosphamide, 
Vincristin  =  Oncovine, Procarbazine, 
Prednisone), are the two regimens most com-
monly used. Treatment for relapsing disease 
includes different drug combinations. 
Autologous stem cell transplantation after high-
dose chemotherapy may be considered [8].

In our center, 439 patients underwent LS over 
a period of 23 years and malignancy was found in 
126 patients (29%) (Table  32.1). LS was per-
formed in eight patients suffering from HL 
(7.4%). These patients were younger, and the size 
of the spleen was generally normal. Indications 
for LS in this setting are clinical suspicion of 
lymphoma without evidence of peripheral  
disease, or patients requiring re-staging after 

completion of chemotherapy due to suspicion of 
residual disease on conventional imaging or 
PET-CT.

32.2.2	 �Non-Hodgkin’s Lymphoma

Non-Hodgkin’s lymphoma (NHL) is a group of 
lymphoid malignancies that rank fifth in cancer 
incidence and mortality in most countries. The 
incidence increased by 80% over the last 30 years. 
NHL presents as an indolent disease, mainly nod-
ular or follicular variant or highly aggressive dis-
ease. B-cell lymphomas are more common than 
T-cell types. The most common B-cell lymphoma 
types are: Diffuse large B-cell (31%) and 
Follicular lymphomas (22%). Less common vari-
ants are: MALT lymphoma (8%), Peripheral 
T-cell (7%), Mantle cell lymphomas (6.9%), 
Chronic lymphocytic leukemia (5.5%) and other 
types (3%).

Conventional treatment is based on the natural 
history of the disease, and ranges from a “watch-
and-see policy,” to radiation therapy alone, 
chemotherapy alone or chemoradiation therapy. 
Single-agent alkylation therapy and the CVP reg-
imen (Cyclophosphamide, Vincristine, and 
Prednisone) are the mainstay treatments avail-
able for low-grade NHL. High-intensity therapy 
usually involves the CHOP regimen (Doxorubicin, 
Cyclophosphamide, Vincristine and Prednisone 

Table 32.1  Peri operative outcome after LS for malig-
nancy, stratified by diagnosis (Authors’ personal 
experience)

Malignant 126 28.7%
126 de 
439

NHLs (non-Hodgkin 
lymphomas)

73 16.6%

CLL (chronic lymphoid 
leukemia)

9 2.1%

Hodgkin lymphoma 8 1.8%

Myelofibrosis 8 1.8%

Metastases 6 1.4%

Hairy cell leukemia 4 0.9%

CML (chronic myeloid 
leukemia)

4 0.9%

Primary splenic lymphoma 2 0.5%

Others 12 2.7%

J.L. Monclova et al.
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and Fludarabine). Treatment for relapsing dis-
ease after first line therapy includes a number of 
drug combinations. In the setting of relapsing 
disease, the 5-year survival is reported to be 
below 50%. Monoclonal antibody treatment is 
currently in clinical trials and shows promising 
results as first line and salvage therapy. Initial 
results with Rituximab, a chimeric anti CD-20 
monoclonal antibody, and Alemtuzumab, a CDR-
grafted human IgG monoclonal antibody, have 
led to the development of new medications and 
alteration of current therapies. Both medications 
are directed against the CD52 antigens expressed 
in leukemic T lymphocytes, macrophages, and 
monocytes [9–11].

The most frequent indication for LS in our 
series was NHL (73/126, 60%). LS is only indi-
cated in cases where a diagnosis cannot be estab-
lished by obtaining peripheral tissue and the 
clinical suspicion remains, or when the patient 
experiences clinical symptoms related to massive 
splenomegaly or low platelet count. LS does not 
alter the natural history of the disease, but related 
thrombocytopenia may improve in up to 75% of 
patients. The patients with NHL were older when 
compared with patients undergoing LS for other 
indications. Enlargement of the spleen was mod-
erate with a mean weight of 1200 g (range 140–
6100 g) (Table 32.1).

Chronic lymphocytic leukemia (CLL) was 
diagnosed in 9 of 126 cases (7%), and spleno-
megaly was moderate with a spleen weight of 
1094 g (range 440–2952 g). In our practice, LS 
was mainly indicated to treat cytopenias, massive 
spleen enlargement, or progressive splenomegaly 
refractory to medical treatment. Splenectomy did 
improve cytopenias in up to 90% of our patients. 
HALS was required in one patient and conver-
sion in another.

32.2.3	 �Chronic Myeloid Leukemia

Chronic myeloid leukemia (CML) was one of the 
first hematological diseases to be linked to a 
chromosomal defect, the so-called Philadelphia 
chromosome. It is a rare disease with an inci-
dence of 1–2/100,000/year. It is easily diagnosed 

by blood tests and confirmed by genetic analysis 
(Phi chromosome or BCR-ABL transcripts) of 
peripheral white blood cells or bone marrow. A 
number of hematological, cytogenetic and 
molecular markers can be used to predict a 
response to treatment or to identify a possible 
blast crisis. Treatment for CML has advanced 
considerably over the last 40  years due to 
improved understanding of the molecular and 
genetic basis of this disease. Treatment strategies 
evolved from using Hydroxyl Urea and Busulfan, 
to stem cell transplantation, alpha Interferon, and 
more recently to molecular targeted therapies 
such as the tyrosine kinase inhibitor Imatinib. 
Current treatment protocols for chronic disease 
generally include Imatinib or allogenic stem cell 
transplantation. The selection of any of those 
therapies will depend on the existence of clinical 
predictors of blast crisis or the individual risk 
factors for stem cell transplantation. Novel thera-
pies under development include additional tyro-
sine kinase inhibitors (Dasatinib or Nilotinib), 
immunotherapy with vaccines (BCR-ABL pep-
tide vaccine), and immunochemotherapy com-
bining Imatinib and interferon [12, 13].

It was most common in males in their sixth 
decade of life. Splenomegaly develops in 55–70% 
of patients. The spleen is often massively enlarged 
with a median weight of 3675  g (range 3200–
4500  g) (Fig.  32.1). If splenomegaly develops 
rapidly, it may be a predictor of a blast crisis. 

Fig. 32.1  CT scan of a patient with CML requiring 
splenectomy
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CML was rarely an indication for LS. Splenectomy 
may be indicated in advanced disease and 
improves clinical symptoms in up to 15% of 
patients, but the risk to develop a blast crisis 
remains unchanged. Surgical risk in this sub-
group is high because of associated coagulation 
disorders and platelet malfunction.

32.2.4	 �Myelofibrosis

Myeloid metaplasia with myelofibrosis is a 
chronic myeloproliferative disorder character-
ized by anemia, massive splenomegaly, extra-
medullar hepatosplenic hematopoiesis, stromal 
bone marrow reactions including fibrosis, osteo-
sclerosis and angiogenesis.

Median survival is 5 years, ranging from 2 to 
12  years, depending on the clinically defined 
prognostic factors. Clinical symptoms include 
portal hypertension, pulmonary hypertension, 
and leukemic changes and these patients often 
require blood transfusions. The only curative 
therapy is allogeneic bone marrow transplanta-
tion in younger, high-risk patients. Supportive 
therapy for clinically symptomatic anemia 
includes steroids, Danazol, EPO, Thalidomide, 
or a blood trans-fusion. In the event of spleno-
megaly Hydroxyl-urea, Busulfan, interferon, or 
surgery will be therapeutic options. Leukemic 
changes are associated with a grim prognosis. 
Evolving therapies include VEGF receptor inhib-
itors or a combination of therapies including 
Thalidomide or Etanercept [14, 15].

The third most frequent indication in our 
series was myelofibrosis (8/126, 11%), a malig-
nant condition without definitive cure. The 
spleen, in this particular subgroup, was greatly 
enlarged with a median weight of 2700 g (range 
300–3300 g). It is characterized by bone marrow 
fibrosis, pancytopenia, extramedullar hematopoi-
esis and hepatosplenomegaly and associated with 
massive spleen enlargement, requiring repeat 
transfusions. Surgery is mainly performed to pal-
liate symptoms but is also indicated in cases of 
massive enlargement and portal hypertension, 
and to reduce transfusion requirements. The 
completion rate of LS was 87%. HALS was nec-

essary in 50% of the patients. A well-known 
potential risk of LS, especially in this subgroup 
of patients, is development of postoperative por-
tal vein thrombosis.

32.3	 �Primary Malignancies 
of the Spleen

Primary malignant tumors of the spleen are rare 
and include primary splenic lymphoma, angio-
sarcoma and Malignant fibrous histiocytoma.

Local symptoms are very unspecific. Currently 
available imaging techniques demonstrate only 
indirect signs. Surgery is usually warranted to 
confirm the diagnosis and will be performed with 
curative intent. Therapeutic LS may also be ben-
eficial to patients in cases of a primary spleen 
lymphoma or splenic marginal zone lymphoma. 
A primary splenic lymphoma is a rare disorder 
and seen in less than 1% of NHL in our series.

32.4	 �Secondary Malignancies 
of the Spleen

The spleen is the second largest reticulum-
endothelial organ. It is composed by large 
amounts of monocytes, synthesizes immuno-
globulin and opsonins, and has a very efficient 
phagocytic activity, all of which seems to repre-
sent protection factors against malignant cell 
implantation and proliferation, and maybe these 
anatomic and immunologic features of the spleen 
account for the rather rare incidence of metasta-
ses to the spleen [16]. The most common primary 
cancers metastasizing to the spleen are: 
Melanoma, Breast, Lung, Colon, and Ovarian 
cancer. Splenectomy may be an option, if the 
spleen is the only site of disease and the primary 
tumor should have already been resected and 
well controlled. Therefore, surgery is planned 
with curative intent [17, 18].

Splenic metastases were found in 6/126 cases 
(4%). Metastases to the spleen are usually a sign 
of systemic disease and therefore rarely an indi-
cation for surgery [16]. Splenectomy may be per-
formed, if it can be proven that the spleen is the 
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sole site of cancer spread. The six cases we 
treated included four patients with melanoma, 
one patient with sarcoma and one with colon can-
cer metastatic to the spleen (Fig.  32.2). Spleen 
enlargement was not excessive, and all six 
patients had an uneventful perioperative and 
postoperative outcome.

32.5	 �Surgical Approach 
to the Spleen

32.5.1	 �Indications for Splenectomy

LS is indicated in a variety of clinical situations, 
either for diagnostic, therapeutic, palliative, or 
staging purposes (Table 32.2).

32.5.2	 �Preoperative Evaluation

Patients undergoing elective LS for malignancy 
require careful preoperative evaluation. A thor-
ough physical examination may enable the sur-
geon to get a rough estimate of the size of the 
spleen. Normal-sized spleens are usually not 
palpated below the costal margin. It is usually 
possible to palpate the lower pole of the spleen 
in the left upper quadrant of the abdomen in 
patients with moderate splenomegaly. Massive 
splenomegaly with spleen diameter ≥30  cm 
may occupy the entire abdominal cavity. 

Important findings during the abdominal exam 
includes mobility of the spleen and distensibil-
ity of the abdominal wall, both of which are 
important when planning the laparoscopic 
approach in order to assess the projection of the 
lower pole of the spleen towards the midline. All 
these pre-operatively collected data will deter-
mine if the laparoscopic approach is feasible or 
not, will help determine the best patient posi-
tioning on the operating table (supine, semi-
supine or lateral), and guide the placement of a 
hand-assisted device, if needed. Preoperative 
blood transfusion should be considered depend-
ing on the results of blood tests, taking into 
account that an enlarged spleen pools a signifi-
cant amount of blood. Coagulation profile is 
obtained, and the patient typed and cross-
matched should the need for transfusion of the 
blood derivatives required perioperatively. All 
our patients get a polyvalent pneumococcal, 
meningococcal, and hemophilus vaccine in the 
preoperative period.

32.5.3	 �Preoperative Imaging

A preoperative computer tomogram (CT) or 
ultrasound (US) is recommended to evaluate the 
size and shape of the spleen. The shape of the 
spleen will influence operative planning and sur-
gical strategy. Postoperative outcome is directly 
related to the shape of the spleen.

a b

Fig. 32.2  Secondary splenic malignancy: Splenic metastasis from colon cancer. (a) CT scan, (b) macroscopic 
appearance
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32.5.4	 �The Role of Preoperative 
Splenic Artery Embolization

Preoperative splenic artery embolization (SAE) 
has been considered to facilitate any splenec-
tomy, not only laparoscopic splenectomy and 
serves three major purposes: to occlude terminal 
vascular branches, to diminish the risk of intraop-
erative bleeding and to reduce the spleen size.

Is considered that patients who underwent 
SAE showed 10% less intraoperative blood loss 
and subsequently a lower rate of emergency 
blood transfusions. However, SAE may be asso-
ciated with other complications such as pain, 
hemorrhage, and hepatic or splenic abscesses. 
Preoperative SAE is not routinely recommended 
for LS but may play a role in spleens larger than 
25 cm in maximum dimension [19].

32.5.5	 �Preoperative Platelet 
Transfusion

Although it was traditionally thought that severe 
coagulation alterations or platelet counts 
<50 × 109/L were absolute contraindications for 
LS, several authors have found that platelet 
counts <50 × 109/L, and even as low as 10 × 109/L, 
do not impede the performance of a safe 
LS. Moreover, LS carried out with platelet counts 
between 10 and 50 × 109/L did not differ in terms 

of blood loss, operative time or postoperative 
complications as compared with the outcomes of 
LS with platelet counts >50  ×  109/L.  However, 
platelet counts <10  ×  109/L had an important 
impact on perioperative outcome, with signifi-
cantly greater intraoperative blood loss, longer 
operative time and prolonged hospital stay [20].

32.5.6	 �Preoperative Risk Calculation

Currently, little information is available regard-
ing the grade of technical difficulty in performing 
LS for non-traumatic diseases. In order to predict 
the surgical difficulty and postoperative outcome 
for patients undergoing LS for hematological/
oncological disorders, we developed a grading 
system based on preoperative parameters: age, 
gender, type of pathology, and spleen weight 
[21]. The minimum possible score is 2 and the 
maximum is 10. In this grading system, patients 
older than 60 years are given 2 points (maximum 
for age), patients with malignant diseases are 
given 2 points (maximum for type of pathology), 
and 5 points for patients whose spleen weight is 
>1000 g (maximum for weight). The bottom line 
is that patients undergoing LS for hematologic 
malignancies are usually older, frail, and their 
malignancy is often associated with splenomeg-
aly, thus a more difficult procedure and a troubled 
outcome may be expected in this setting, accord-
ing to the preoperative grading system.

Table 32.2  Own experience with LS for splenic malignancies

Hodgkin Non-Hodgkin CLL CML Myelofibrosis Metastases

n 8 73 9 4 8 6

Age (years) 38 (27–49) 63 (32–84) 59 (40–72) 43 (22–54) 57 (48–72) 59 (25–81)

Spleen weight 
(g)

508 
(250–1160)

1460 
(140–6100)

1317 
(410–2950)

3760 
(3200–
4500)

2296 (360–3300) 416 
(162–640)

OR time (min) 101 
(60–120)

129 
(60–270)

140 
(60–270)

180 
(150–240)

188 (110–270) 144 (60–240)

HALS (n/%) 1 (12.5%) 33 (45.2%) 3 (33.3%) 3 (75%) 4 (50%) 0%

Conversion 
(n/%)

0% 11 (15.1%) 0% 1 (25%) 1 (12.5%) 1 (16.6%)

Morbidity (n/%) 2 (25%) 15 (20.6%) 2 (22.2%) 4 (100%) 4 (50%) 1 (16.6%)

Hospital stay 
(days)

5 (2–11) 6 (2–30) 5 (3–10) 15 (4–24) 9 (3–29) 4 (2–11)

Mortality (n/%) 0% 1 (1.4%) 0% 0% 1 (12.5%) 0%

CLL chronic lymphocytic leukemia, CML chronic myeloid leukemia
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32.5.7	 �Essential Equipment for LS

LS does not require any special equipment. The 
use of two video monitors is recommended and 
improves surgeon’s comfort and efficiency 
(Videos 32.1 and 32.2). We routinely use a set of 
three to four trocars. Our preference lies on an 
angled 30° laparoscope, which is often reposi-
tioned depending on the step of the procedure to 
improve visualization. Most grasping, dissecting, 
and cutting instruments are 5 mm in diameter. It 
is not uncommon, particularly for large spleens, 
that 10-mm instruments are required to facilitate 
retraction.

To seal and divide vessels, a combination of 
clip appliers, endovascular stapling devices, 
monopolar, and bipolar cautery is used. The har-
monic scalpel is also a very useful device to dis-
sect the spleen. Endovascular staplers are very 
useful, particularly in controlling the splenic 
hilum. Clips should only be placed in areas where 
no stapler is to be needed because as they will 
prevent proper closure and thus malfunctioning 
of the stapling device. A durable specimen 
retrieval bag is key equipment for LS. It has to be 
able to withstand the morcellation process prior 
to specimen extraction.

32.6	 �Surgical Technique

Antibiotic prophylaxis is given preoperatively. 
LS is always performed under general anesthesia. 
An oral gastric tube (OGT) is inserted to empty 
the stomach, which will greatly improve the visu-
alization in the left upper quadrant. We remove 

the OGT upon completion of surgery. A Foley 
catheter should also be placed due to the length 
of the procedure.

32.6.1	 �Patient Positioning

Since LS was first described, several techniques 
and ways to position the patient have been 
reported; all aimed at best controlling the hilar 
vessels. The most difficult part of the procedure 
is the mobilization of the spleen toward the mid-
line. Patient positioning on the operating table 
will depend on surgeon’s preference and on the 
size of the spleen. The patient can be placed in a 
low lithotomy position and further tilted laterally 
to elevate the left upper abdomen. The lateral tilt 
may be increased to 45°, if necessary. Some sur-
geons prefer to start the procedure in the French 
position and then moving to the side, if needed. 
Currently the most accepted position is full lat-
eral at 90°. We prefer the 90° full lateral approach 
in cases of a normal-sized spleen or moderate 
splenomegaly. A supine or semi-lateral position 
is deemed more suitable in cases of massive sple-
nomegaly or when the median border of the 
spleen crosses the midline when palpated preop-
eratively (Fig. 32.3).

32.6.2	 �Anterior Approach

The patient is placed supine or in Fowler posi-
tion according to surgeon’s preference. A sand 
bag is placed underneath the left upper quadrant. 
After establishing the pneumoperitoneum, the 

Fig. 32.3  Progressive lateral approach for LS: The spleen can be mobilized with lateral tilt taking advantage of 
gravity
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first trocar is inserted at the umbilicus and an 
exploratory laparoscopy is performed. Three 
more trocars are inserted, one in the subxiphoid 
area, one in the midepigastrium, and the last one 
in the left iliac fossa. The scope is introduced 
through the midepigastric trocar. The subxiphoid 
trocar and umbilical port are used for grasping 
and dissecting instruments. The table is then 
tilted to the right and brought into reverse 
Trendelenburg position. The lesser sac is opened, 
and the short gastric vessels are divided with the 
harmonic scalpel or bipolar cautery.

Several techniques to dissect the splenic 
hilum are described in the literature. The splenic 
vessels can either be controlled at their main 
trunk or a segmental devascularization near the 
splenic parenchyma may be performed. The 
remaining short gastric vessels are divided with 
the harmonic scalpel after division of the main 
splenic vessels. Close attention must be paid not 
to injure the pancreas by carefully dissecting off 
the main vessels. Takedown of the splenic flex-
ure gives access to the posterior attachments of 
the spleen, which may be divided using har-
monic scalpel.

32.6.3	 �Lateral Approach

The patient is placed in right lateral decubitus 
position on the operating table. The table is flexed 
20°–30° and brought into moderate reverse 
Trendelenburg position. This maximizes the win-
dow of access between the patient’s left iliac 
crest and the costal margin. Three to four trocars 
are then inserted in the patient’s left upper 
abdominal quadrant. A 12-mm port is inserted at 
the anterior axillary line, above the anterior supe-
rior iliac spine and is used for the endovascular 
stapler and final specimen removal. In pediatric 
and non-obese patients, we place the camera port 
at the level of the umbilicus. In obese patients, it 
is often necessary to move this site to the left 
upper quadrant. Subcostal and subxyphoid tro-
cars are used for retraction and dissection. 
Finally, a 2- to 5-mm trocar is placed under direct 
vision below the 12th rib at the mid- to post-
axillary line. This trocar is used to retract and 
elevate the lower pole of the spleen.

Dissection starts with mobilization of the 
splenic flexure of the colon using a combination 
of sharp dissection and ultrasonic energy. The lat-
eral peritoneal attachments of the spleen are 
incised as a second step. A cuff of peritoneum is 
left alongside the spleen for further safe mobili-
zation. This maneuver avoids grabbing the spleen 
directly and greatly reduces the risk of splenic 
tears. Dissection of the splenic hilum starts from 
the lower pole and progresses cephalad. An 
accessory splenic artery is sometimes encoun-
tered at the lower pole and should be divided 
between clips or with the harmonic scalpel.

After mobilization of the lower pole of the 
spleen and division of the polar vessels, it is pos-
sible to access the lesser sac with ease. With the 
spleen elevated, the short gastric vessels and 
main vascular pedicle are tented up. The short 
gastric vessels can be divided either with the har-
monic scalpel, between clips, or using an endo-
vascular stapler. The tail of the pancreas is often 
visible at this point of the dissection. Once the 
vascular pedicle is well exposed and the main 
artery and vein dissected off of the pancreas, they 
are divided by two separate firings of the endo-
vascular stapler (white loads) (Fig. 32.4).

It is important to point out a few technical 
aspects concerning approach to the splenic ves-
sels. Prior to mobilization of the spleen, we rou-

Fig. 32.4  Division of the vascular pedicle of the splenic 
hilum with the endostapler
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tinely attempt to ligate the artery within the lesser 
sac in order to reduce spleen size, facilitate 
auto-transfusion, and decrease the risk of hemor-
rhage. The full lateral approach is especially use-
ful to identify the splenic pedicle. We prefer to 
transect the hilar vessels with an endostapler, 
thus avoiding excessive intra-operative hemor-
rhage. In cases of non-Hodgkin lymphomas it is 
often possible to encounter large lymph nodes in 
the hilum, which makes it more difficult to iden-
tify the vascular structures. In this case, the endo-
stapler is fired near the hilum, leaving the lymph 
nodes behind, avoiding unnecessary dissection 
and the risk of bleeding.

32.6.4	 �Extraction of the Specimen

After the splenic hilar and short gastric vessels 
are divided, the uppermost part of the spleno-
phrenic ligament is left undivided. This serves 
to hold the spleen in its normal anatomic posi-
tion and facilitates introduction into the retrieval 
bag. The specimen retrieval bag is introduced, 
opened, and placed under the relatively immo-
bile spleen. The remaining splenophrenic 
attachments are now divided and the bag closed. 
The neck of the bag is withdrawn through the 
12-mm trocar site and the spleen is morcellated 
within the bag and extracted in pieces. Careful 
attention is needed to insure not to rupture the 
bag and to avoid spillage and subsequent sple-
nosis. Once the entire specimen and bag are 
withdrawn, we perform a final laparoscopic 
inspection of the left upper abdomen and irri-
gate the surgical field with normal saline. If the 
spleen has to be extracted intact, an accessory 
incision is made by enlarging the umbilical tro-
car site, or through a separate Pfannenstiel 
incision.

32.6.5	 �Hand-Assisted Laparoscopic 
Splenectomy (HALS)

LS is challenging when spleen size is signifi-
cantly increased. In some cases the size of the 
spleen does not allow enough intra-abdominal 
space for manipulation and elevation of the 

organ, and conversion is unavoidable. HALS 
may be justified when an accessory incision is 
needed to retrieve an intact organ or when there 
are major difficulties in placing the spleen into 
the retrieval bag. Several non-randomized 
series have shown the potential advantages  
of HALS for splenectomy in cases of spleno-
megaly [22, 23].

The main indication for a hand-assisted lapa-
roscopic splenectomy (HALS) procedure is a 
patient with massive splenomegaly [22]. 
Position of choice is right lateral decubitus 
(Fig.  32.5a). Pneumoperitoneum is created 
using a Veress needle inserted into the right iliac 
fossa, a good distance away from the spleen. A 
12-mm camera port is inserted in the perium-
bilical area to perform an exploratory laparos-
copy and to select the best site for the hand-port, 
which usually requires an incision of 7–7.5 cm 
in length. The most common site is the right epi-
gastrium (Fig.  32.5b), but in cases of massive 
splenomegaly, it may be placed in the right sub-
costal area or in the right iliac fossa. Several 
devices are commercially available (Lapdisc™, 
Ethicon, USA; Omniport™, Advanced Surgical 
Concepts Ltd., Dublin, Ireland; Handport™, 
Smith Nephew, MA, USA). The left hand is 
inserted into the abdomen to examine the shape 
of the spleen and surrounding anatomy. A sec-
ond 12-mm trocar is inserted laterally to the 
laparoscope port under guidance of the intra-
abdominal hand. All further instruments are 
introduced through this trocar (Fig.  32.5b). If 
additional retraction is needed, a 5-mm trocar is 
placed at the left flank and an endoretractor 
(Endoflex™, Genzyme, Tucker, GA, USA) is 
inserted to expose the anterior aspect of the 
spleen.

As a first step in the procedure, we incise 
the gastro-splenic ligament to gain access to 
the retro-gastric plane. The opening of the 
lesser sac is widened, and the short gastric ves-
sels are divided with the ultrasonic shears 
(Ultracision™, Ethicon, USA) or Ligasure™ 
(Valley lab, USA). The splenic artery is directly 
palpated at the upper border of the pancreas, 
and a ligature or clip is placed to interrupt the 
inflow to the spleen. With the hand in place, 
we mobilize the spleen medially to expose its 
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posterior aspect and divide the retroperitoneal 
adhesions. The splenic hilum and pancreatic 
tail are bluntly dissected with the hand. This 
way, we are able to place the stapling device in 
the splenic hilum so that it can be fired without 
tension and the pancreatic tail is spared 
(Fig. 32.6a). Once the hilar vessels are divided, 
we dissect the upper pole from all posterior 
attachments which frees the spleen entirely. In 
most cases, the spleen is retrieved intact 
through the accessory incision. However, in 
cases of massive splenomegaly, a sterile plastic 
bag (Endocatch II™, Tyco, (Norwalk, USA)) 
is introduced and the spleen morcellated. The 

larger pieces are removed through the 7-cm 
incision (Fig. 32.6b).

In our experience (Table  32.2), the main 
advantages of HALS were shorter operative time 
and lower operative blood loss. One interesting 
observation in the HALS group is that overall 
morbidity was lower when compared to conven-
tional LS. This indicates that surgical trauma dur-
ing HALS is less significant and potential 
advantages of a laparoscopic approach are main-
tained despite more intense intra-abdominal 
manipulation. In this way, the use of HALS may 
be indicated in many splenic malignancies 
(Table 32.3).

a b

Fig. 32.5  HALS: full lateral approach, intermediate splenomegaly: (a) Patient positioning (b) trocar placement

a b

Fig. 32.6  HALS. (a) Dissection of the splenic hilum; the inserted hand guides the endostapling device; (b) Specimen 
extraction

J.L. Monclova et al.



355

32.7	 �Complications Associated 
with LS

32.7.1	 �Bleeding

In cases of malignancy, there are several potential 
perioperative complications that the surgeon 
should be aware of and able to treat [24]. The 
most likely problem is bleeding, which is usually 
located at three distinct sites: (1) short gastric or 
polar vessels, (2) hilar vessels, or (3) splenic 
parenchyma.

Although not life-threatening, the first may be 
a considerable problem since rapidly accumulat-
ing blood may hinder adequate visualization of 
the operative field. In most of the cases, it can be 
easily stopped with clips, electrocautery, or ultra-
sonic dissector. Bleeding from larger vessels may 
require immediate conversion to laparotomy. The 
best way to prevent this complication is by carry-
ing out a delicate dissection of the splenic artery 
and vein to avoid tearing of smaller splenic and 

pancreatic blood vessels. The dissected splenic 
artery and vein should then be clipped prior to 
attempting further mobilization of the spleen. 
Injury to these vessels can occur simply due to 
the rigidity of the clamping instruments. Bleeding 
from the parenchyma is less dangerous and can 
be managed either by clamping the artery, apply-
ing slight pressure with a gauze, or by using 
electrocautery.

32.7.2	 �Pancreatic Tail Injury

Another potential complication of LS is injury to 
the tail of the pancreas. This can be avoided by 
proper dissection and placement of the endosta-
pler when dividing the hilar vessels. This may be 
cumbersome in cases of malignancy due to exten-
sive surrounding lymphadenopathy. The lateral 
approach to LS allows placing the stapling device 
more safely thanks to a better exposure of the 
splenic hilum. Should pancreatic tail injury occur 

Table 32.3  Summary of the role of LS in the management of hematological malignancies

Indication Clinical situation Comment

Diagnosis Cases of moderate splenomegaly 
suggesting malignancy, specially if all 
other diagnostic studies, such as biopsy 
of peripheral lymph node or bone 
marrow biopsy are negative.

Radiological imaging does usually not 
allow narrowing the spectrum of 
differential diagnoses.

Therapeutics •  Primary splenic lymphoma. •  LS may be curative in cases of 
splenic lymphoma.•  Splenomegaly-associated 

thrombocytopenia. •  LS can reduce transfusion needs, 
thus increasing quality of life.•  Autoimmune thrombocytopenia
•  LS is specially useful in the setting 
of CLL-associated thrombocytopenia.

Palliative Symptomatic splenomegaly: To relieve symptoms secondary to 
massive enlargement of the spleen (e.g. 
pain in left upper quadrant, fullness, 
fatigue, easy bleeding, etc.)

•  Acute myeloid leukemia

•  Chronic myeloid leukemia

•  Chronic myelomonocytic leukemia

•  Myelofibrosis

•  Non-Hodgkin’s lymphoma

Staging Hodgkin’s disease LS is sometimes used to stage or 
re-stage Hodgkin’s disease if 
noninvasive staging modalities are 
inconclusive
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and is identified intraoperatively, it is wise to 
place a drain in the left upper abdominal quadrant 
close to the pancreatic tail in order to monitor and 
control any pancreatic leak.

32.7.3	 �Perforation of the Diaphragm

This could happen during dissection of the supe-
rior pole of the spleen. This lesion may worsen 
rapidly due to development of a capno-thorax. A 
capno-thorax is different from a pneumothorax in 
that the underlying cause is not an injury to the 
lung itself. It can be controlled in two ways: intra-
operatively by sealing the opening of the dia-
phragm over a suction catheter, or postoperatively 
by temporary placement of a pleural drain. The 
pleural drain can then be removed in the OR after 
full lung expansion is confirmed on a chest X-ray.

32.7.4	 �Portal Vein Thrombosis

CT or ultrasonography in the immediate postop-
erative period suggests that the risk of portal 
thrombosis increases after LS, and this has been 
directly related to the laparoscopic approach [25, 
26]. Prolonged intra-abdominal pressure is asso-
ciated with markedly lower portal blood flow and 
may trigger this complication, especially in cases 
of massive splenomegaly and hypercoagulability. 
Although there are only a few cases reported in 
the literature, this complication should be taken 
into account in the event of unexplained postop-
erative abdominal pain after LS.

32.7.5	 �Miscellaneous Complications

Other complications reported with LS include: 
deep vein thrombosis, pulmonary embolus, 
wound infections, among others.

�Conclusion

Splenectomy is a really good indication for min-
imally invasive approach, and the application of 
this technique in a more challenging subgroup of 
patients requiring splenectomy as are those with 

malignant conditions, permits to these patients 
more frail and usually with splenomegaly, to 
extraordinarily benefit of this surgical option.
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Mastering Major Minimally 
Surgery

Miguel A. Cuesta, Nicole I. van der Wielen, 
Jennifer Straatman, and Donald L. van der Peet

New teaching programs in Minimally Invasive 
Surgery (MIS) require mentoring. We see that 
once a new MIS procedure has been validated by 
evidence, we can expect many surgical teams 
wanting to adopt the new procedure. The issue is 
how doing this according to best standards of 
practice is best learned. Commonly, the teaching 
programs in MIS may range from the institution-
alized programs involved in the residency period 
to the quick one-or-two-days courses organized 
by Surgical Departments or companies targeting 
(young) surgeons desirous but still unable to 
operate by the new MIS approaches. While these 
opportunities offer interesting displays of new 
MIS, yet effective teaching programs in MIS 
developments are very variable and ad hoc.

Because of years of experience in teaching 
MIS, we argue that learning the new procedures 
could profit from proper assistance by an experi-
enced team or particular a mentor. Given our 
experience as teacher mentor in Minimally inva-
sive Esophageal and Gastric surgery to many 
apprentice surgeons, we argue that MIS of tech-
nically demanding procedures such as these 
Upper Abdominal procedures is best mastered by 
apprentice surgeons participating in the entire 

procedure involving the whole team at mentor’s 
hospital, including anaesthesiologist and OR 
nurses, and thereby being assisted in carrying out 
procedures by the same mentor in one’s own hos-
pital. Hence, in this chapter a program of teach-
ing Minimally Invasive Upper GI surgery is 
evaluated, where mentoring had been practiced.

33.1	 �Historical Background

At the VUmc, we started the MI Esophageal pro-
gram in 1998 by using the laparoscopic transhia-
tal approach for distal and gastro-esophageal 
junction cancers (GEJ) [1, 2]. Then, aiming for 
more radicality and an adequate lymphadenec-
tomy, in 2006 we started with the thoracoscopic 
approach in lateral position [3]. After a limited 
number of cases, and after watching the prone 
position approach live in a surgical congress, we 
then switched to the right thoracoscopy in prone 
position. In 2007, we performed the first inter-
ventions assisted by a thoracic surgeon who was 
already performing the VATS for lung cancer.

After five MIE in prone position, without any 
conversion and only one postoperative respiratory 
infection, we then felt that we could properly per-
form MIE through this approach. Consequentially, 
we continued operating all patients through this 
approach, with the exception of patients included 
in the CROSS trial [4]. The department’s partici-
pation in the CROSS trial since 2005 implied that 
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all those patients in this trial were approached by 
open procedure. By 2009 we considered that 
enough experience with this approach had been 
accumulated at the department, 80 operated 
patients, for us to engage in evaluation. Our 
search for evidence led to a randomized con-
trolled trial, the TIME trial, where we compared 
the total open procedure by thoracotomy and lap-
arotomy with the total MIE by right thoracoscopy 
in prone position and laparoscopy after neoadju-
vant chemoradiotherapy according to the CROSS 
Scheme [5]. Since 2009, we instituted the teach-
ing program of MIE, at first doing so in the 
Netherlands and later elsewhere.

33.2	 �Experience with Mastering

Since 2009, we have taught the MIE approach in 
our own department to four young fellows and in 
18 centres located in Europe, Latin America and 
India. From the beginning our teaching strategy 
differentiated between teaching situations; namely 
(a) centres already using MIE and harbouring ini-
tial experience, and (b) centres with no experience 
in MIE but having enough volume of patients.

Of these, 12 centres had no previous MIE 
experience. The other six centres already had 
some previous experience with the MIE, but 
wanted to gain competences in the prone thora-
coscopy or aimed by means of proctoring and a 
master class to gain the required proficiencies.

Criteria for teaching at a centre involved having 
a sufficient volume of patients with esophageal 
cancer, at least 20 cases per year, and having at least 
two surgeons whom were dedicated, totally or par-
tially to upper Gastrointestinal Surgery (upper GI).

We also adopted the teaching policy to ask the 
whole team of those centres with not previous 
experience to visit our centre in Amsterdam for 
watching at least two whole procedures per-
formed at the operating room. A whole team 
would include the two surgeons, the anaesthesi-
ologist involved with the procedure and one or 
two scrub nurses. After some weeks, the mentor 
assisted the surgeons to be proctored in a variable 
number of procedures whereby the initial inten-
tion was doing five.

Regarding the centres with some previous expe-
rience with MIE a visit was arranged for operating 
together with the corresponding team, and involving 
one or more procedures as master class training.

Our protocol included that each to-be-treated 
patient was discussed beforehand and accepted 
as a good candidate for the operation. In the 
beginning stage I and II patients with esopha-
geal cancer were chosen, later on no selection is 
made after proper response of neoadjuvant ther-
apy. All patients had given informed consent; 
the mentor had been introduced to and had spo-
ken with them before the operation. Moreover 
insurance items were arranged properly.

Reimbursement for the mentor was usually 
arranged for travel, hotel if necessary and pay-
ment for each operation, in some cases through 
the intervention of a commercial company.

Moreover, other items such as the way to do 
the cervical anastomosis, the use or not of a fast 
track program after MIE, and the treatment of 
major postoperative complications were broadly 
discussed.

Considering the prominent role of mentoring in 
our teaching strategy, we are interested in knowing 
whether the proctored centres had continued with 
the MIE programs after the provided mentoring 
and what significance the mentoring could be said 
to have had for the acquisition of requisite skills. 
Of the 12 centers with no previous experience only 
two terminated the mentory program. Moreover in 
the six centers with previous experience the taught 
MIE interventions not only involved the 3 stage 
procedure but also the 2 stage Ivor Lewis proce-
dure by thoracoscopy in prone position.

33.3	 �Discussion

Surgical residents and (young) surgeons are the 
principle targets for learning advanced Minimally 
Invasive Surgery such as colorectal surgery. It is 
obvious that the majority of surgical residents 
with institutional programs will learn this 
approach during their residency period or during a 
fellowship period, but still there are residents and 
surgeons to be taught, various newly developed 
MIS procedures mostly by quick courses or by 
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mentoring programs [6–10]. For other minimally 
invasive interventions such as gastric and esopha-
geal, but also for pancreatic and hepatic MIS 
resections there are no regular programs involved 
with the teaching programs guided by dedicated 
mentors. It is obvious that MIE taught to fellows 
in an experienced hospital will be the favourite 
choice, but not always available [11]. Apart of the 
fellowship institutional programs, there are other 
didactic courses including hands-on cadaver 
courses, live surgery courses, and two-day courses 
organized by surgical academic departments fre-
quently in cooperation with the industry where the 
attendees will be limited in number and previ-
ously selected. Moreover, accordingly to the 2014 
report of SAGES continuing education committee 
two of the most desired topics have been the intro-
duction of new procedures into clinical practice 
and the management of complications [12].

As explained in this article above, the men-
toring programs in laparoscopic colorectal sur-
gery had not only gained optimal results, but 
also disclosed that the mentor pupil relationship 
serves as the most optimal manner to learning 
this complicated approach [11, 13]. Our experi-
ence in implementing mentorship since 2009 
confirms how ideal this approach is. The spe-
cific problems in our approach for MIE concern 
foremost, the following: (1) the requisite fea-
tures of the centres involved, (2) the characteris-
tics of the mentor(s) engaged to proctor, (3) the 
volume of surgeries that the teams are doing, (4) 
the number of surgeons involved, and (5) deter-
mining which procedure to start with. Moreover, 
concerns also include the financial aspects and 
insurances holding for the mentors. All these 
factors must be accounted for. Nevertheless, it is 
clear that the teaching program involving the 
type of mentoring we provided, does assure a 
more than sufficient introduction of new proce-
dures with good results in patients outcomes 
[14]. Questions that must still be addressed are 
which Organization or Surgical Society will 
appoint centres for implementation of the pro-
gram and how qualified mentors can be selected. 
Given our positive experience, we argue that our 
teaching model involving mentoring should also 
be applied for teaching major surgery of the 

upper abdomen such as gastric, pancreatic and 
hepatic by laparoscopy and robot assisted 
programs.

33.4	 �Recommendations

Upper Abdominal Minimally Invasive Surgery is 
best taught to those Surgical Units having certain 
properties. To start with, there must be enough vol-
ume of specific cancer patients. Moreover, the 
willingness to master MIS must include the con-
viction that its advantages are evidence-based. The 
units must have at least two dedicated surgeons in 
the correspondence surgery, comprising experi-
ence with Minimally Invasive Surgery. 
Furthermore, the whole team must be supportive, 
whilst the acquaintance of the entire Surgical 
Department and the Hospital’s board may neces-
sarily include collaboration. Finally, these pro-
grams should be taught by an experienced mentor.
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Final Considerations

Miguel A. Cuesta

The objective of this book was to depict the cur-
rent situation of the Minimal Upper GI surgery in 
Oncology. Our philosophy has been, that once a 
good indication exists for surgery, the combina-
tion of an optimal use of neoadjuvant therapy 
with Minimally Invasive Surgery will achieve the 
best outcome for the patient offering a high qual-
ity of life. We explained how achieving an opti-
mal oncological resection by a perfect knowledge 
of the surgical anatomy leads to performing the 
necessary steps for an adequate resection by 
established planes and a reconstruction by per-
fect anastomoses.

We have made clear that an extensive knowl-
edge of the surgical anatomy requires informa-
tion gathered on the practice of minimally 
invasive surgery. This knowledge gives the sur-
geon the best prospect for doing perfect onco-
logical surgery by being able to dissect through 
surgical planes. We take into regard that Upper 
GI oncological procedures—especially the 
esophageal and gastric resections, but also the 
hepatic and pancreatic—are implemented less 
frequently than the colorectal procedures and 
may be more complex. We delineated that deci-

sions to implement these procedures can be based 
on the short-term advantages obtained after a per-
fect conducted minimally invasive procedure. 
The long-term advantages including survival and 
other oncological outcomes are not expected to 
be distinctive from the advantages obtained by 
using the counterpart open approach.

Consequently, in order to operate correctly 
in the particular MIS way as we have depicted, 
a surgeon’s gaining an adequate training is par-
amount. Young surgeons and residents need to 
learn and continue to relearn MIS proficien-
cies. Accompanying implementation of Upper 
abdominal MIS, surgeons need to engender 
dedication to these procedures as carried out in 
high-volume centres and through continual 
training. This entails the need for initial train-
ing in the laboratory using models and cadav-
ers and then advancing in skills through 
adequate programs in which the role of a men-
tor is crucial.

Moreover, the surgical robot has been imple-
mented in many fields of complex MIS and pro-
vides important advantages when performing 
difficult dissections in difficult places and in dif-
ficult anastomoses.

All authors and contributors to this book dem-
onstrated success with MIS, thereby prompting 
some considerations regarding proficiencies, per-
manent learning and progress, which I would like 
to share.

M.A. Cuesta 
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34.1	 �Proficiencies

The model adopted in this book encompasses 
what we think are the most appropriate profi-
ciencies to perform complex surgery once a 
good indication comes about. Foremost is the 
aptitude of wanting to know and being passion-
ate about surgical anatomy of a specific area, in 
this case the upper abdomen. We encourage this 
propensity strongly for without adequate knowl-
edge it is impossible to do a good oncological 
resection through adequate planes, thus prevent-
ing avoidable risks. Such good practice is based 
on description of surgical anatomy as portrayed 
in this book and which was carried out mainly in 
the Department of Anatomy in Utrecht Medical 
Center (UMC), head: Prof. R. Bleys. Moreover, 
surgical anatomy of different organs has been 
depicted by Dr. T. Weijs and Dr. H. Brenkman. 
The importance of neoadjuvant treatment is par-
amount for these dedicated oncologists, radio-
therapists and surgeons. We see this 
demonstrated in the chapters dedicated to 
esophageal surgery (Prof. J. van Lanschot), gas-
tric surgery (Prof. C. van de Velde), and pancre-
atic surgery (Prof. C. van Eijck). Moreover, 
comparison of the known evidence between the 
counterpart open approach and MIS is covered 
by respectively Prof. B. Wijnhoven, Dr. N. van 
der Wielen, Prof. B.  Edil and Prof. R.  Ciria, 
shows us the advantages of doing MIS. 
Description of specific Minimally invasive pro-
cedures has been treated by surgeons and theirs 
teams with a long-time dedication to these pro-
cedures, such as Prof. B.  Weusten, Prof. 
J.  Luketich, Prof. H.  Osugi, Prof. D. van der 
Peet, Prof. C. Mariette, Prof. S. Gisbertz, Prof. 
M. van Berge Henegouwen, Prof. R. van 
Hillegersberg, Prof. A.  Talvane, Prof. H.  K. 
Yang, Prof. W. J. Hyung, Prof. C. Moreno, Prof. 
U. Boggi, Prof. M. Abu Hilal, Prof. M. Besselink, 
Prof. T. Cheung, Prof. A.  Sa Cunha, Prof. 

A. Tsung, Prof. T. Keck, Prof. E. Targarona, and 
our surgical group with contributions of Prof. 
J.W. Dekker and Prof. J. Scheepers.

34.2	 �Permanent Learning

Remarkably, all authors expressed their willing-
ness to engage in permanent learning regarding 
all aspects of surgery. Our shared philosophy is 
that continual changes in surgery require an aug-
mented search for minimizing the operative 
trauma, increasing its oncological efficiency and 
decreasing the complication rate. All the while, a 
(re)learning of MIS continuously seeks high evi-
dence. Fitting this aim, the inclusion of videos 
per chapter of all procedures has added important 
information regarding MIS. The paramount qual-
ity of the videos is magnificent and is conducive 
for continual learning.

34.3	 �Progress

Reflecting on this development, I consider this 
book as a good summary of the progress of sur-
gery; yet I am aware that in the coming years the 
contents of this book will undergo changes. My 
advice for residents and young surgeons is to 
learn the techniques we covered in this book and 
to do so deeply by drawing on the motivation to 
improve the life expectations of our patients and 
to reduce their suffering.

Finally, we must recognize with distinction 
the essential role of the anaesthesia and intensive-
care personnel on whom all of us rely day in and 
day out for performing the challenges of major 
surgery. Our communal effort, made manifest by 
authors and contributors to this book, continue to 
inspire us to persevere in gaining the best out-
come for the patient offering a high quality of 
life.

M.A. Cuesta
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