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Abstract

The following, from the 12th OESO World Conference: Cancers of the Esophagus, includes 

commentaries on the role of the nurse in preparation of esophageal resection (ER); the 

management of patients who develop high-grade dysplasia after having undergone Nissen 

fundoplication; the trajectory of care for the patient with esophageal cancer; the influence of the 

site of tumor in the choice of treatment; the best location for esophagogastrostomy; management 

of chylous leak after esophagectomy; the optimal approach to manage thoracic esophageal leak 

after esophagectomy; the choice for operational approach in surgery of cardioesophageal crossing; 

the advantages of robot esophagectomy; the place of open esophagectomy; the advantages of 

esophagectomy compared to definitive chemoradiotherapy; the pathologist report in the resected 
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specimen; the best way to manage patients with unsuspected positive microscopic margin after 

ER; enhanced recovery after surgery for ER: expedited care protocols; and long-term quality of 

life in patients following esophagectomy.

Keywords

esophageal resection; Nissen fundoplication; esophagogastrostomy; esophagectomy; 
chemoradiotherapy; OESO

Concise summary

The nurse plays a major role in the implementation of the selected treatment and ensures 

compliance at all phases of the protocol. The nursing care before esophagectomy aims to 

maintain an optimal nutritional status for the patient submitted to parenteral nutrition and to 

reduce the risk of infection by immuno-nutrition. The nurse will also have to control the 

patient’s respiratory function and tolerance to adjuvant therapy. In the perioperative period, 

multiple categories of nurses are also involved: the circulating nurses, the scrub nurse, the 

endocopy nurse, and the anesthesiology nurse.

Esophagectomy has been commonly recommended when high-grade dysplasia (HGD) is 

discovered. More recently, however, multiple studies have confirmed the safety and efficacy 

of both endoscopic mucosal resection (EMR) and radiofrequency ablation (RFA) techniques 

in the management of these patients. Endoscopic therapy can be safely recommended as a 

first step in dealing with the disease, though esophagectomy may be necessary if this fails to 

fully eliminate the dysplastic mucosa.

A succinct review is made of the current surgical management of biopsy-proven esophageal 

cancer (beyond T1a lesions) at the Mayo Clinic. Resectability, usually considered first, is 

predominantly determined by tumor stage, by fine-needle aspiration guided and performed 

at the time of the endoscopic ultrasound (EUS). Combined positron emission tomography 

and computed tomography (PET-CT) scanning using fluorodeoxyglucose is currently the 

most useful adjunctive test for uncovering otherwise occult distant metastases. When early-

stage esophageal cancer is identified (T0–T2 and N0), upfront surgical resection is 

advocated in patients who fit the criteria for operability. For patients with locally advanced 

esophageal cancer (T3/N0 or any T with positive lymph nodes), neoadjuvant chemotherapy 

with concomitant radiation therapy is recommended, with restaging of the patient following 

approximately 6 weeks to rule out unresectable disease. Esophagectomy will be performed, 

unless the identifiable malignancy has extended beyond the confines of the planned 

resection. Operability can then be broken down into quantifying the operative risk and 

identifying opportunities to mitigate this risk. A temporary feeding jejunostomy is 

performed at the time of esophageal resection (ER). All patients are extubated immediately 

following the procedure.

The primary goal of surgery in patients with a resectable adenocarcinoma of the 

gastroesophageal junction (GEJ) should be a complete en bloc resection of the tumor and its 

lymph nodes, with a microscopically tumor-free resection margin. For a Siewert type I 

Allum et al. Page 2

Ann N Y Acad Sci. Author manuscript; available in PMC 2015 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



tumor, an en bloc esophagectomy with resection of the proximal stomach and reconstruction 

with a gastric tube seems to be the preferable approach. In type III tumors, a total 

gastrectomy with a transhiatal resection of the distal esophagus is the treatment of first 

choice. For the treatment of a Siewert type II adenocarcinoma of the GEJ, the optimal 

surgical approach remains controversial. No clear evidence for the superiority of 

esophagectomy with proximal hemigastrectomy or total gastrectomy with resection of the 

distal esophagus has been provided for treatment of these tumors.

The location for esophagogastrostomy depends on the ease of anastomosis, tension on the 

repair, the incidence and severity of leaks, the ability to diagnose and manage these 

problems, and oncologic issues. Recent guidelines would suggest that a high intrathoracic 

anastomosis above the azygous vein or cervical anastomoses are acceptable alternatives. The 

mechanical circular stapled and hand-sewn techniques for the esophagogastric anastomosis 

have equivalent outcomes. Three-field lymph node dissection may be considered with either 

squamous cell or adenocarcinoma, although there is little adoption of this approach outside 

of Japan. Total minimally invasive esophagectomy or its hybrid versions are acceptable 

alternatives to open approaches where institutional expertise is available. Whenever 

possible, a low intrathoracic anastomosis should be avoided.

Anatomical variations of the thoracic duct are present in up to 40% of the cases, and 

chylothorax is associated with life-threatening metabolic, immunologic, and respiratory 

complications. Prophylactic supradiaphragmatic duct ligation during transthoracic 

esophagectomy has been recommended in order to prevent inadvertent damage and 

postoperative chylous fistula. Since a spontaneous resolution of the chylous fistula is 

possible, a 2-week conservative trial with total parenteral nutrition and pleural drainage 

appears to be justified in patients with a chyle output of less than 1000 mL/day. If medical 

treatment fails, patients should undergo reoperation and ligation of the thoracic duct. The 

introduction of video-assisted thoracic surgery has offered a safe and effective alternative 

for treatment. In some circumstances, such as previously failed transthoracic procedures, 

transabdominal ligation of the cisterna chyli via laparotomy or laparoscopy represents a 

viable alternative to the thoracic approach.

Guidelines for the optimal management of intrathoracic leak have yet to be established. 

Management begins intraoperatively. Additional prophylactic interventions such as omental 

reinforcement are advocated by many surgeons with significant decrease in anastomotic leak 

rates. Adequate prophylactic drainage, therefore, is a key principle for management of 

anastomotic leak. If the leak appears well-contained, endoscopic examination is indicated 

for both diagnostic and therapeutic management. Drain manipulation and anastomotic 

dilation can be used successfully for early management of well-contained leaks. Endoscopic 

stent placement at the time of the initial endoscopic evaluation is increasingly used for 

management of these cases, providing immediate coverage of the defect and enabling earlier 

oral intake. Surgical intervention is reserved for patients with symptomatic or uncontained 

intrathoracic leaks and those for whom conservative management has failed. It is rare that 

the anastomosis requires revision and revision is rarely successful. If, however, the conduit 

is non-viable, conduit take-down and esophageal diversion should be performed.
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In large series of patients with cancer of the proximal part of the stomach and the abdominal 

esophageal segment, there was no difference in survival rate between the groups of 

transthoracic and transhiatal approaches, in correlation with the overall low frequency of 

tumor dissemination in mediastinal lymph nodes. Five-year overall and relapse-free survival 

was slightly higher in the group that underwent the transthoracic approach than in the group 

that underwent the transhiatal approach, parallel to more frequent nonradical resections of 

the esophagus and recurrent mediastinal metastases following transhiatal resection.

Robot-assisted thoracolaparoscopic esophagectomy facilitates a complex minimally invasive 

procedure with a stable, enlarged, three-dimensional field of view and articulated 

instruments that facilitate dissection with seven degrees of freedom. Manipulation is 

enhanced so that a very precise dissection can be performed, even on moving targets like the 

aorta and pericardium. Thereby, the oncologic results might improve, while maintaining the 

advantages of minimally invasive surgery. Compared to conventional open transthoracic 

esophagectomy, robot-assisted thoracolaparoscopic esophagectomy is accompanied by 

reduced blood loss, reduction of intensive care–unit stay, and a lower percentage of 

cardiopulmonary complications. Until now, the level of evidence for robot-assisted 

minimally invasive thoracolaparoscopic esophagectomy has been suboptimal and based on 

case series or expert opinions only. A monocenter randomized controlled trial to compare 

robot-assisted minimally invasive thoracolaparoscopic esophagectomy with conventional 

open transthoracic esophagectomy is currently underway in Utrecht.

As thoracic surgeons may lack experience with laparoscopic procedures, the same goes for 

gastrointestinal (GI) surgeons lacking experience with thoracoscopic procedures. It can 

therefore be safely asserted that, although minimally invasive surgery for esophageal cancer 

is feasible and perhaps superior to open esophagectomy, the majority of esophageal surgery 

is done by means of an open procedure that remains the gold standard for most surgical 

teams. The high complexity of the totally minimally invasive procedure necessitates 

technical skills that provide a threshold for most surgeons.

Late toxicity is an important issue that could impair quality of life after chemoradiotherapy 

(CRT), and previous studies showed that the negative impact of esophagectomy on quality 

of life. The role of adding neoadjuvant CRT to surgery has been extensively investigated in 

the past, and meta-analyses have shown that it was associated with complete tumor response 

and significant survival benefit. Investigations on the role of definitive CRT in patients with 

squamous esophageal carcinoma demonstrated that esophagectomy performed after 

neoadjuvant therapy provides better local control of the disease, but does not prolong overall 

survival compared with definitive CRT. Concurrent CRT is a potentially curative 

nonsurgical option for locally advanced esophageal cancer, with pathological complete 

response (pCR) ranging from 13% to 49%, but the rate of persistent and recurrent disease 

within the esophagus remains high and surgical treatment of these tumors may improve 

disease-free survival (DFS).

Pathology reports should encompass all important information regarding the tumor and the 

quality of the surgical procedure. The definition of the proximal and distal resection margin 

is clear. Involvement of one of these margins is associated with bad clinical outcome. 
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Regarding the circumferential resection margin of esophagectomy specimens, there are 

different definitions among the major pathology schools. The current edition of the 

American Joint Committee on Cancer/Union Internationale Contre le Cancer (AJCC/UICC) 

TNM classification provides a detailed classification of lymph node metastase (LNMs), 

which now parallels gastric cancer. Several tumor-regression grading systems are described 

in the literature, which aim to categorize the amount of regressive changes after cytotoxic 

treatment. Mostly they refer to the percentage of residual tumor in relation to the previous 

tumor site or they estimate the amount of therapy-induced fibrosis in relation to residual 

tumor. A high number of original papers offer additional data concerning potential 

prognostic parameters that might be also considered for implementation in future standard 

reporting. For conventional CRT, at present no validated markers for response prediction are 

used in practice, although the deregulation of many molecules has been shown to be 

associated with later treatment response. It should be noted that a very promising study 

showed the successful immunohistochemical application of a three-gene panel in esophageal 

adenocarcinomas (EACs), which confirmed previous findings from an independent cohort.

The circumferential resection margin status has an impact on survival, and patients with 

tumor present at the resection margin have significantly worse median overall survival rates 

compared to those with a confirmed negative margin. Neoadjuvant treatment has been 

shown to consistently reduce circumferential margin rates for locally advanced esophageal 

tumors. Regional nodal disease should guide adjuvant treatment decisions, but there is a lack 

of evidence to support adjuvant treatment for patients with positive circumferential resection 

margin status.

ER provides a particular challenge when developing streamlined, standardized care. 

Enhanced recovery describes systems of care delivery to reduce the physiological stress 

response and optimize postoperative recovery, involving a multimodal approach to 

perioperative management. The goal is to improve quality of care with reduced length of 

stay, improved patient satisfaction, and reduced cost. Approaches to these systems are 

centered on interventions in the preoperative, intraoperative, and postoperative phases of 

care. ER pathways have demonstrated improvements in critical care and total inpatient stay, 

as well as improving patient satisfaction and conferring some cost savings.

As a result of surgical and oncological improvements, more people are surviving both 

esophageal cancer surgery and esophageal cancer itself. Quality of life after treatment has 

therefore become more important than ever, and its measurement by tools such as the 

EORTC QLQ-C30 and its add-on module OG25 has become an integral outcome for many 

trials. Most symptom scores reach a peak in the immediate postoperative period following 

esophagectomy and can take months or years to improve. Likewise, the functional scores 

show an immediate dip after surgery and slowly improve back to preoperative levels by a 

year. Minimally invasive esophagectomy appears to offer the potential to improve short-

term effects on quality of life but is unlikely to affect long-term issues.
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1. Role of the nurse in preparation of transhiatal resection of esophageal 

cancer without thoracotomy

Renè Lambert

lambert@iarc.fr

In the preparation of the patient for surgery of esophageal cancer, with optimal nutritional 

conditions and a wellness program, the role of the nurse also includes assessment of 

tolerance to neoadjuvant therapy before surgery. Of course, in a preliminary step, the 

medical staff, including nurses, should identify those cases not able to complete a surgical 

protocol. When the surgical option is adopted, the nurse plays a major role in the 

implementation of the selected treatment and ensures compliance at all phases of the 

protocol. The nurse’s advocacy role concerns feasibility of surgery, informed consent of the 

patient, and documentation of all clinical events. In reference to the perioperative period, 

multiple categories of nurses are involved: the circulating nurses take care of the nursing 

during the intervention, with scrub nurses working directly with the surgeon and a nurse 

endoscopist when upper GI endoscopy is part of the protocol. The nurse endoscopist should 

have enough experience and have participated in a required number of procedures of 

digestive endoscopy. In addition, anesthetic nurses will control the sedation, with or without 

the presence of an anesthesiologist. In synthesis, the nursing care before esophagectomy 

aims to maintain the nutritional status of the patient, control his ventilation and respiratory 

function, and control his tolerance to adjuvant therapy.

As a rule, the surgical resection of the tumor is the adapted decision to be taken if 

esophageal cancer is confirmed; this means resection of the thoracic esophagus. A squamous 

cell cancer develops in the squamous epithelium of the upper, middle, or distal sections of 

the esophagus. A recent decrease in the incidence of squamous cell cancer has been 

observed in most countries, including in Asia and South America. An adenocarcinoma 

develops on the metaplastic mucosa of a Barrett’s esophagus (BE). For many years, the risk 

of cancer was believed to be linked to the presence of intestinal metaplasia. Recently, it has 

been shown that gastric metaplasia with simple columnar cells is a more typical precursor.1 

The well-known method of esophagectomy with thoracotomy for the resection of the 

esophagus was associated with a high toll of pulmonary complications. In 1980,2 it was 

replaced by a less aggressive intervention: the transhiatal resection of the esophagus with a 

short laparotomy without thoracotomy and completed by an incision in the left of the neck. 

With this technique, the toll of pulmonary complications is much lower and the 5-year 

survival after resection is slightly higher.3,4 Recently, the surgical procedure was made still 

less traumatic when video laparoscopy replaced laparotomy. As shown in a recent 

publication,5 the nursing care in the period before esophagectomy helps to maintain an 

optimal nutritional status for the patient submitted to parenteral nutrition and to reduce the 

risk of infection by feeding him through immunonutrition based on administration of 

glutamine, arginine, and polyunsaturated omega-3 fatty acids. During the same period, the 

nursing care also ensures the control of his ventilation and respiratory function and the 

control of his tolerance to adjuvant therapy, which combines radiotherapy and chemotherapy 

with cisplatin and paclitaxel.

Allum et al. Page 6

Ann N Y Acad Sci. Author manuscript; available in PMC 2015 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2. How do we manage the patient who develops HGD after having 

undergone Nissen fundoplication?

Roger P. Tatum

rtatum@uw.edu

Many studies have confirmed the efficacy of Nissen fundoplication in patients with BE. In 

fact, regression of BE has been observed in approximately 14–33% of patients after 

antireflux surgery.6–10 Nonetheless, a small percentage of patients have been observed to 

develop progression of the disease to either HGD or, less commonly, esophageal cancer in 

follow-up after fundoplication.11

Because HGD is associated with a rate of progression to EAC of around 25% within 2–3 

years of diagnosis,12,13 esophagectomy has been commonly recommended when HGD is 

discovered. More recently, however, multiple studies have confirmed the safety and efficacy 

of both EMR and RFA techniques in the management of HGD.13,14 One recent retrospective 

analysis comparing the outcomes of endoscopic treatment (ablation and/or EMR) with 

esophagectomy for HGD (40 patients) or intramucosal adenocarcinoma (61 patients) by 

Zehetner and colleagues found similar 3-year survival rates (94%) between the two 

treatment strategies, with significantly lower morbidity in the patients undergoing 

endoscopic therapy, as one might expect. Patients in the endoscopic group underwent a 

median of three treatment sessions each. There was a 10% failure rate among the HGD 

patients undergoing endoscopic therapy (two of 22 patients); however, these patients 

subsequently received an esophagectomy for persistent HGD.14 Notably, EMR and ablation 

techniques are both feasible and effective in patients who have previously undergone 

fundoplication.13

Another important consideration in addressing this question is the possible cause for 

progression of BE despite the presence of an antireflux procedure. Multiple studies have 

suggested that patients who exhibit progression have abnormal pH studies or other evidence 

of a failed fundoplication.7,11 In another study of 75 patients with BE who had 5-year 

follow-up after antireflux surgery by Zehetner et al., patients with a failed fundoplication 

were seven times more likely to exhibit progression to HGD or EAC than those with an 

intact fundoplication.11 Therefore, not only is continued surveillance of BE recommended 

after fundoplication,15 but it also stands to reason that continued acid suppression is 

important over time.

Given the above evidence and the availability of endoscopic techniques that are effective 

alternatives to esophagectomy in patients with HGD, it appears that a combined approach to 

the patient who presents with progression to HGD after antireflux surgery is warranted. 

Endoscopic therapy can be safely recommended as a first step in dealing with the disease, 

though esophagectomy may be necessary if this fails to fully eliminate the dysplastic 

mucosa. It is also important to determine whether or not the patient is continuing to 

experience pathologic acid exposure and whether or not they are symptomatic. A re-do 

fundoplication should be performed if there is evidence of fundoplication failure, though this 
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should only be done once eradication of HGD (and ideally of all esophageal metaplasia) has 

been confirmed.14

3. Surgical management of esophageal cancer: how we do it

Stephen D. Cassivi

cassivi.stephen@mayo.edu

Background

Esophageal cancer, the focus of the 12th OESO World Conference in 2013, is the eighth 

most common cause of cancer death worldwide.16 The incidence of adenocarcinoma of the 

esophagus, usually of the distal esophagus or GEJ, continues to increase dramatically and 

accounts for the majority of cases in North America and Western Europe.17 Surgical 

resection has been a mainstay of curative-intent treatment of esophageal cancer for over a 

century. Its role, applicability, and how it is fits into the overall treatment of esophageal 

cancer has evolved significantly. This article presents a succinct review of current surgical 

management of biopsy-proven esophageal cancer (beyond T1a lesions) at the Mayo Clinic.

Surgical work-up

Two evocative initials can summarize the surgical work-up of a patient with a diagnosis of 

any cancer, including esophageal cancer: O and R. O is used to connote operability and 

refers to patient factors. R is used to connote resectability and implicates tumor-related 

factors.

Resectability, usually considered first, is predominantly determined by tumor stage. In the 

case of esophageal cancer, staging is accomplished by history and physical examination 

followed by deliberately focused investigations emanating from those initial combined 

modalities. Beyond this, T status is best determined by esophageal EUS. Currently, the most 

accurate means to determine N status is fine-needle aspiration (FNA) guided and performed 

at the time of the EUS. Combined PET/CT scanning using18 fluorodeoxyglucose (FDG) is 

currently the most useful adjunctive test for uncovering otherwise occult distant metastases.

With the introduction of the 7th edition of AJCC staging for esophageal cancer, we now 

have much more accurate prognostic information available.18,19 For esophageal cancer, 

clinical staging also has material importance, as it assists in guiding treatment options. Our 

surgical algorithm follows the pathway summarized in Figure 1. When early-stage 

esophageal cancer is identified (T0–T2 and N0), we advocate for upfront surgical resection 

in patients who fit the criteria for operability detailed below.20 For patients with locally 

advanced esophageal cancer (T3/N0 or any T with positive lymph nodes), we recommend 

neoadjuvant chemotherapy with concomitant radiation therapy.21

Following a recovery period of approximately 4 weeks, patients are restaged. Since it is 

virtually impossible to ascertain whether the induction therapy has achieved a complete 

eradication of the malignancy, and knowing that even in instances of cPR only a 50% 5-year 

survival is observed, our goal at this point is to rule out unresectable disease (i.e., local 
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progression to unresectability or the appearance of distant metastases).22 Therefore, it is our 

strategy that, following neoadjuvant therapy, we will proceed to ER unless the identifiable 

malignancy has extended beyond the confines of the planned resection. For that reason, our 

restaging work-up is limited to a history and physical examination coupled with PET/CT.

Operability, as the second component of patient evaluation, is predicated on patient-related 

factors and is therefore specific to each individual patient considered for ER. Operability can 

be broken down into quantifying the operative risk and identifying opportunities to mitigate 

this risk. A number of tools are available or can be adapted to assist the surgeon in 

quantifying operative risk, such as the Thoracic Revised Cardiac Risk Index for predicting 

the risk of major cardiac complications.23 Depending on the specific patient situation, 

various opportunities are available to mitigate operative risk. Among these options are 

preoperative pulmonary rehabilitation, tobacco cessation, use of less invasive surgical 

approaches (thoracoscopy/laparoscopy), aggressive postoperative pulmonary physiotherapy, 

and others. Once resectability and operability have been assessed, this allows for an 

informed discussion with the patient regarding the apparent risk/benefit profile for that 

specific patient.

Surgical approach

We endeavor to individualize the operative approach to the specific patient and tumor 

characteristics.20 One size does not fit all purposes in the realm of ER. Regardless of the 

operative approach ultimately chosen, a number of fundamental principles are, however, 

generalizable. We aim to have all our patients extubated immediately following the 

procedure in an effort to improve on early physical mobilization and pulmonary ablutionary 

care. This is achieved in over 98% of cases. We also have adopted the practice of placing a 

temporary feeding jejunostomy at the time of ER. This is integral to our postoperative 

nutritional strategy of avoiding early oral feeding, as summarized in Figure 2.24

Follow-up

We see our patients back in follow-up 6 weeks after ER in a multidisciplinary esophageal 

cancer clinic, where we assess their postoperative progress, remove their temporary feeding 

jejunostomy tube, review their pathology findings, and, in this context, discuss prognosis 

and follow-up/further treatment recommendations. Barring any significant complicating 

issues, we plan on seeing the patient back every 6 months for the first 2 years for a clinical 

examination coupled with a CT scan of the chest and upper abdomen. Ancillary testing is 

only ordered as clinically indicated. The interval between follow-up visits is extended to 12 

months after the 2-year postoperative anniversary.

4. How do esophagogastric junction tumors differ from esophageal and 

gastric tumors?

Leonie Haverkamp, Kevin Parry, and Richard van Hillegersberg

L.Haverkamp@umcutrecht.nl
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Siewert and colleagues developed a classification system to categorize adenocarcinomas of 

the GEJ into three different types according to their anatomic and topographic location.25 

Type I arises from 1 to 5 cm proximal to the anatomic GEJ (tumor of the distal esophagus), 

type II arises from 1 cm proximal to 2 cm distal to the GEJ (true cardiacarcinoma), and type 

III arises from 2 to 5 cm distal to the GEJ (subcardial gastric carcinoma).

The primary goal of surgery in patients with a resectable adenocarcinoma of the GEJ should 

be a complete en bloc resection of the tumor and its lymph nodes, with a microscopically 

tumor-free resection margin (R0 resection). At the same time, a maximal postoperative 

quality of life must be achieved. The most important factor in predicting long-term survival 

in patients with GEJ tumors is considered to be a R0 resection.

To achieve this primary goal, several surgical modalities are being used in the treatment of 

GEJ tumors. For a type I tumor, an en bloc esophagectomy (preferably transthoracic) with 

resection of the proximal stomach and reconstruction with a gastric tube seems to be the 

preferable approach. In type III tumors, a total gastrectomy with a transhiatal resection of 

the distal esophagus is the treatment of first choice.26,27 The optimal surgical approach of 

type II remains controversial. The choice of the surgical approach is mainly based on the 

preference of the surgeon. Some centers prefer an esophagectomy with a proximal 

hemigastrectomy,28 while others prefer a total gastrectomy with resection of the distal 

esophagus (extended gastrectomy).27 However, no surgical therapy has yet been proven 

superior in the treatment of type II tumors.

A review of the literature did not provide evidence for a better outcome in 5-year survival 

for either esophagectomy or gastrectomy, nor was there a difference in the R0 resection rate. 

There might be a higher rate of mortality and morbidity after esophagectomy and a better 

quality of life after a gastrectomy. Further research is needed to determine the optimal 

surgical strategy. This should preferably consist of a multicenter randomized controlled trial 

comparing esophagectomy versus gastrectomy in type II tumors.

In conclusion, no clear evidence for the superiority of esophagectomy or gastrectomy for the 

treatment of a Siewert type II adenocarcinoma of the GEJ has been provided.

5. What is the best location for esophagogastrostomy?29–40

Mark J. Krasna

mkrasna@meridianhealth.com

Introduction

The choice of location for esophagogastrostomy after esophagectomy depends on several 

key factors. These include ease of anastomosis; tension on the repair; the incidence and 

severity of leaks, if they occur; the ability to diagnose problems; and the ease of 

management of these problems. Finally, the decision may be affected by oncologic issues 

that may favor one approach over the other. Ultimately, the surgeon must decide whether to 

perform the anastomosis in the neck or the chest. The following discussion is based on the 

recent Society of Thoracic Surgeons guidelines.
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After esophagogastrectomy, the goals should include achieving adequate margins. Resection 

margins measured in the patient in the OR of 8–10 cm proximally and 7 cm distally should 

be obtained to achieve an R0 resection (recommendation class IIB, level of evidence C). 

Likewise, the resected material should be adequately handled to assess and report on 

circumferential radial margin status (recommendation class IIB, level of evidence C). Either 

location, chest or neck, would achieve this goal. Next, the surgeon must choose between the 

available conduit choices before completing the anastomosis. The choice of conduit includes 

stomach and large and small intestine. Currently, a gastric tube is the preferred esophageal 

substitute (recommendation class IIA, level of evidence C). This conduit can be used with 

either technique. The gastric tube probably has the best ease of use, least tension, and 

longest-term conduit survival of the available choices. Anastomotic technique must be 

considered next. The mechanical circular stapled and hand-sewn techniques for the 

esophagogastric anastomosis have equivalent outcomes (recommendation class IIA, level of 

evidence A). Despite many studies prospective and retrospective, no clear-cut advantage has 

been shown for one technique over the other. The semi-mechanical technique, recently 

popularized by Orringer, is an acceptable alternative (recommendation IIA, level of 

evidence B). These anastomotic techniques can be done with either technique. The surgeon 

next needs to decide on the need for a gastric drainage procedure. Drainage of the gastric 

conduit by pyloroplasty or myotomy is recommended after esophagectomy 

(recommendation class I, level of evidence B). This can be performed either when the 

anastomosis is in the chest and in the neck. If there is a difference in the leak rate and its 

severity, this may affect the choice of anastomotic location as well. In general, it is found 

that cervical anastomoses have a higher leak and stricture rate but lower mortality. In the 

past, thoracic anastomosis was thought to be associated with lower leak rate but with leaks 

that were more difficult to manage when they occur. Mortality after intrathoracic leak has 

been improving in recent years.

One of the most important oncologic issues recently recognized in esophageal surgery is the 

ability to perform a complete lymph node dissection (LND). In fact, recent data support that 

the number of lymph nodes (LN) harvested correlates with ultimate outcomes including 

overall and DFS. Lymph node dissection is recommended as a key component of ER (class 

I, level of evidence B). To optimize staging in T1, T2, and T3 tumors, at least 10 lymph 

nodes for T1 and 20–30 lymph nodes for T2 and above should be resected (class IIA, level 

evidence B). For patients with distal tumors, transthoracic esophagectomy (TTE) with two-

field lymphadenectomy leads to better survival (class IIA, level of evidence B). For GEJ 

tumors, transhiatal esophagectomy (THE) and TTE have equal benefit provided a two-field 

lymphadenectomy is performed (class IIA, level of evidence B). Three-field LND may be 

considered with either squamous cell or adenocarcinoma, although there is little adoption of 

this approach outside of Japan (class IIB, level of evidence C). When using the third field, 

this requires a neck anastomosis.

The last factor the surgeon must consider is the surgical approach. Open transthoracic and 

transhiatal approaches are acceptable alternatives for esophagectomy (class IIA, level of 

evidence B). Total minimally invasive esophagectomy (MIE) or its hybrid versions are 

acceptable alternatives to open approaches where institutional expertise is available (class 

IIA, level of evidence B). The location of the anastomosis depends on the choice of 
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approach, although a high intrathoracic anastomosis can be done for TTE with either the 

open or MIE approach.

Recent guidelines would suggest that a high intrathoracic anastomosis above the azygous 

vein or cervical anastomoses are acceptable alternatives. Whenever possible, a low 

intrathoracic anastomosis should be avoided (class IIB, level of evidence C).

Conclusion

The location for esophagogastrostomy depends on the ease of anastomosis, tension on the 

repair, the incidence and severity of leaks, the ability to diagnose and manage these 

problems, and oncologic issues. Recent guidelines would suggest that a high intrathoracic 

anastomosis above the azygous vein or cervical anastomoses are acceptable alternatives. 

Whenever possible, a low intrathoracic anastomosis should be avoided (class IIB, level of 

evidence C).

6. How should we manage chylous leak after esophagectomy?

Luigi Bonavina

luigi.bonavina@unimi.it

Chylothorax is a rare adverse event of esophagectomy associated with life-threatening 

metabolic, immunologic, and respiratory complications. A recent systematic review of 12 

studies including 9794 patients submitted to esophagectomy for cancer between 1982 and 

2012 showed that the incidence of postoperative chylothorax was 2.6% (range 0.9–9%). In 

addition, the authors reviewed their own institutional series of 1856 patients and found that 

the incidence of chylothorax was 2.1%. A Cox regression analysis showed that neoadjuvant 

therapy and squamous cell histology were the main risk factors. Reoperation was performed 

in 64.1% of these patients at a mean interval of 23 days after esophagectomy, and the 30-day 

mortality rate was 1.6%.41 Injury to the thoracic duct may occur during either transthoracic 

or transhiatal ER, but it appears to be more frequent with the first approach.42

The thoracic duct usually arises from the cisterna chyli and emerges in the right chest to the 

right of the aorta and posterior to the esophagus. On CT, the cisterna chyli can be mistaken 

for a retrocrural lymph node, but in about 15% of patients it can be visualized by magnetic 

resonance imaging at the level of the L1–L2 vertebral body.43 Anatomical variations of the 

thoracic duct (i.e., division into two or more branches) are present in up to 40% of the cases, 

and the course of the duct in the chest before entering the left subclavian vein is not 

constant. Since iatrogenic injury of the thoracic duct is rarely recognized at operation, 

prophylactic supradiaphragmatic duct ligation during transthoracic esophagectomy has been 

recommended in order to prevent inadvertent damage and postoperative chylous fistula.44

Chylothorax can easily be diagnosed at bedside due to the milky appearance of fluid in the 

chest drainage. However, in the fasting postoperative patient, only a high-volume output 

from the chest drain or a recurrent pleural effusion may be noted. In such circumstances, the 

diagnosis can be confirmed by assessment of tryglyceride levels in the fluid drainage and by 

administering cream per os or via the nasogastric tube. Delayed recognition of chyle loss 
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may occur after removal of the chest drain and return to oral feeding; in such circumstances, 

the patient can be readmitted with dyspnea and pleural effusion showing the typical milky 

appearance. Atypical presentation with severe hemodynamic instability from mediastinal 

chylocele is unusual.45

Since a spontaneous resolution of the chylous fistula is possible, a 2-week conservative trial 

with total parenteral nutrition and pleural drainage appears to be justified in patients with a 

chyle output of less than 1000 mL/day to allow optimal healing of the intrathoracic 

anastomosis.46,47 Earlier operative management in these patients has been advocated in an 

attempt to reduce the postoperative morbidity and mortality, based on the evidence that T 

cell depletion occurs within 8 days of chyle drainage despite optimal supportive care.48

If medical treatment fails, patients should undergo reoperation and ligation of the thoracic 

duct. Before reoperation, a gastrographin-swallow study or an upper-digestive endoscopy 

should be performed to exclude the presence of an anastomotic leak that should also be 

addressed. The surgical approach consists of a right thoracotomy or thoracoscopy. In some 

circumstances, a transabdominal approach to the cisterna chyli can be considered. 

Administration of cream per os or through a nasogastric tube 6–12 hours before surgery 

helps to identify the site of the leak at the time of surgical exploration. When the duct is not 

clearly identifiable, mass ligation of the tissue between the aorta, azygous vein, and spine 

should be performed. Although the overall incidence of chylothorax in esophageal surgery is 

low, it has been reported that about 90% of patients undergoing esophagectomy and 

presenting with this complication require reoperation.49

Thoracic duct ligation was first performed by Lampson in 1948 in a patient with traumatic 

chylothorax.50 Despite the excellent results and the significant decrease of hospital 

mortality, the enthusiasm to proceed with early surgical intervention has been tempered by 

the morbidity of thoracotomy. The introduction of video-assisted thoracic surgery has 

offered a safe and effective alternative for the treatment of chylothorax. The thoracoscopic 

procedure is usually performed on the left lateral decubitus using a 30° scope and three 

trocars, one in the drainage site, one in the sixth intercostal space on the mid-axillary line, 

and one in the seventh intercostal space on the posterior axillary line. Identification of the 

site of the injured duct is attempted by gently pushing the gastric tube in the medial direction 

and by noting release of chyle in the posterior costophrenic angle. Sutures and clips can be 

initially used to seal the thoracic duct, but this is likely to be unsuccessful. 

Supradiaphragmatic en bloc encircling of the azygos vein and periaortic fat tissue between 

the spine and the gastric tube using a conventional right-angled clamp and firing a single 

blue cartridge of an articulating endostapler is an effective approach.42

In some circumstances, such as previously failed transthoracic procedures, transabdominal 

ligation of the cisterna chyli via laparotomy or laparoscopy represents a viable alternative to 

the thoracic approach.45,51,52 After gentle left displacement of the gastric tube at the level of 

the diaphragmatic hiatus, multiple suture ligations of the cisterna chyli and the thoracic duct 

at its origin are performed transhiatally on the right side of the aorta.
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7. Optimal approach to the management of intrathoracic esophageal leak 

following esophagectomy

Lara W. Schaheen and Katie S. Nason

nasonks@upmc.edu

Over the past several decades, there has been a shift in the management of intrathoracic 

anastomotic leaks from aggressive surgical intervention to conservative management and, 

more recently, to endoscopic interventions. Currently described strategies include 

prophylactic drain placement, omental reinforcement, conservative management (strict 

NPO, intravenous antibiotics, and drainage), endoscopic management, and early surgical 

exploration. Although a multitude of interventions have been studied, guidelines for the 

optimal management of intrathoracic leak have yet to be established. However, efforts to 

minimize leak rates and optimize management remain critically important owing to the 

impact of anastomotic leak, whether intrathoracic or cervical, on postoperative morbidity, 

need for subsequent interventions, protracted hospitalization, and decreased quality of life.53

Management begins intraoperatively with efforts to minimize the complication. Tenets such 

as minimal handling of the conduit, avoiding injury to the vascular pedicle, and careful 

contouring of the conduit to preserve collateral blood flow are well described and 

universally accepted. Additional prophylactic interventions such as omental reinforcement 

and drain placement at the time of esophagectomy are advocated by many surgeons. 

Reinforcement of the anastomosis with a pedicled omental flap is theoretically appealing; 

the procedure involves creation of a two- or three-vessel omental pedicle on the greater 

curvature of the stomach during conduit mobilization to encircle the anastomosis and 

buttress the suture line. This flap contains endoluminal contents if breakdown of the 

anastomosis occurs. This has been studied in two randomized controlled trials and a 

retrospective review; all found a significant decrease in anastomotic leak rates.54–56 In 

addition, the review by Sepsi and colleagues showed that the need for re-intervention after 

esophagectomy was decreased in the flap cohort. In their series, mobilization of the 

omentum from the transverse colon and creation of the pedicle added approximately 20 

minutes to the operative time, and did not demonstrate any additional morbidity.56 Although 

the studies performed by Bhat and Dai demonstrated a reduced incidence of anastomotic 

leak, they did not demonstrate a significant difference in hospital mortality, incidence of 

postoperative complications, anastomotic strictures, or duration of hospitalization. These 

studies suggest that routine reinforcement of the thoracic anastomosis with pedicled omental 

flap may reduce the incidence of anastomotic leak.

Regardless of whether an omental flap is used, however, use of appropriately positioned 

drainage provides an additional measure of safety if a leak does occur. Mortality in the 

setting of an inadequately drained leak has mortality rates as high as 80%.57 Prophylactic 

placement of a drainage tube adjacent to the anastomosis at time of surgical resection 

allowed for shorter time to diagnosis, shorter time to resolution (23.4 days vs. 80.7 days) and 

shorter time to return to oral intake (32.2 days vs. 98 days) in a review of 414 patients by 

Teng and colleagues.58 Additionally, the presence of an operatively placed drain allowed 
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patients to avoid subsequent interventions including drain placement while also lessening 

the severity of clinical symptoms at time of initial diagnosis.58 Adequate prophylactic 

drainage, therefore, is a key principle for management of anastomotic leak.

Once intraoperative management has been optimized, management of the intrathoracic 

anastomotic leak transitions in the postoperative setting. A high degree of suspicion, early 

diagnosis, and immediate intervention are required. Initial management includes strict NPO, 

intravenous antibiotics, parenteral or enteral nutrition, and adequate drainage. In a stable 

patient, radiographic assessment for mediastinitis should be performed to help guide 

subsequent intervention. If radiographic assessment demonstrates gross mediastinal or 

thoracic contamination, operative drainage is needed. If, however, the leak appears well-

contained, endoscopic examination is indicated for both diagnostic and therapeutic 

management of the leak. Initial assessment confirms viability of the conduit, defect size, and 

drain position. Depending on the findings, endoscopic intervention may be possible.

In general, patients with extensive devitalization of esophageal anatomy, large leaks, or a 

nonviable conduit are not suitable for endoscopic management. In many circumstances, such 

as a completely contained and well-drained dehiscence with otherwise healthy and viable 

conduit, endoscopic drain manipulation and anastomotic dilation can be used successfully 

for early management. Esophageal stricture is common in these patients and repeated 

dilation is often required during and following complete healing of the leak.53 A new and 

potentially useful option for endoscopic management of large dehiscence has been described 

by Schorsch and colleagues. They have performed transnasal placement of an endoscopic 

wound vacuum for anastomotic leaks with excellent results.59

Endoscopic stent placement at the time of the initial endoscopic evaluation is increasingly 

used for management of well-contained leaks, providing immediate coverage of the defect 

and enabling earlier oral intake. Endoscopic stenting can be considered for leaks involving 

<30% of the anastomotic circumference and with a viable conduit. This approach requires 

close follow-up and, often, repeat interventions. Serial surveillance radiography is required 

to monitor for stent migration and evidence of inadequate drainage, including new 

pneumothorax or undrained pleural effusion. The surgeon must exercise vigilance and be 

prepared for more aggressive surgical intervention if the leak is not contained. If the 

problem is due to stent migration, repositioning of the stent can be accomplished in most 

patients. Finally, endoscopic removal of the stent is the only definitive method to assess 

healing of the defect. Dai and colleagues demonstrated that repeat stenting was necessary in 

33 of 40 patients, the mean number of stents per patient was 3.2, and the mean time to 

healing was 30 days.55 Freeman and colleagues demonstrated that 82% of patients were able 

to resume oral intake within 72 hours of stent placement.60 Although multiple studies have 

demonstrated the successful use of endoscopic stenting for the management of anastomotic 

leaks, these studies are limited by small study populations with heterogeneous patient 

selection, lack of randomized trials, use of a variety of stent types, varying management 

algorithms, and, importantly, different underlying pathology.

There are patients for whom endoscopic management fails and surgical intervention may 

still be required. However, as the mortality of patients who require reoperation is as high as 
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40%, surgical intervention is reserved for patients with symptomatic or uncontained 

intrathoracic leaks and those for whom conservative management has failed.61 Patients with 

undrained pneumothorax or sepsis (empyema or mediastinitis), require video-assisted 

thoracoscopic drainage and decortication at a minimum. Early surgical intervention rapidly 

eliminates the source of sepsis and allows for placement of additional drains, is well-

tolerated, and can be lifesaving. It is very rare that the anastomosis requires revision and 

revision is rarely successful. If, however, the conduit is non-viable, conduit take-down and 

esophageal diversion should be performed without hesitation.

Optimal management of thoracic anastomotic leak begins with careful operative technique 

and a high index of suspicion to facilitate early diagnosis. Once identified, intravenous 

antibiotics, adequate drainage, and nutritional support are critical. Patients without 

significant mediastinal contamination may be amenable to endoscopic management with 

drain manipulation, anastomotic dilation, or endoscopic stent placement. Stent placement 

enhances early return to oral intake, but the surgeon must exercise diligence in monitoring 

for signs of inadequate stent sealing or migration to avoid additional mediastinal 

contamination. Surgical intervention should be reserved for patients with uncontained 

intrathoracic anastomotic leaks and non-viable conduits and those in whom conservative or 

endoscopic management has failed.
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8. The choice for operational approach in gastric cancer with transition to 

the esophagus

Igor N. Turkin and Maksat A. Ibraev

inturkin@mail.ru

From January 1, 1990 to December 31, 2010, a total of 575 patients with gastric cancer that 

had transitioned to the esophagus underwent surgical operations in the Thoracic–Abdominal 

Department of the Blokhin Russian Cancer Research Center.

When tumors infiltrated the esophagus, 11.2% of gastric cancers disseminated into 

mediastinal lymph nodes (LNs). The metastasis rate increased with tumor dissemination 

along the esophagus: over 6.1% when the tumor affected an abdominal segment, 12.8% for 

supradiaphragmatic segments and 42.9% for retropericardial segments of the esophagus (P < 

0.001). The higher in the esophagus the tumor infiltrated, the more frequent dissemination 

was not only to the supradiaphragmatic and lower paraesophageal LNs, but also to those in 

the tracheal bifurcation; while no metastases with infiltration of the abdominal segment were 

noted, 2.7% had infiltration of the supradiafragmal segment and 21.4% had tumor 

dissemination into the retropericardial segment of the esophagus (P < 0.001).
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The total volume of tumor infiltration of the stomach had no correlation with the 

dissemination rate to the mediastinal LNs: the metastatic rate was 12.7% in cancer of the 

cardia with transition to the esophagus, 11.3% in cancer of the subcardia with transition to 

the esophagus, and 12.1% in gastroesophageal cancer (P > 0.05). Unlike mediastinal 

metastases, the rate of intra-abdominal LN metastases increased in correlation with the 

progression of gastric tumors (P < 0.01).

Only the rate of esophageal tumor infiltration correlated with the number of mediastinal LN 

metastases. If the tumor infiltrated the abdominal esophageal segment, the dissemination 

spread to the supradiaphragmal LNs, with the tumor affecting the supradiaphragmal 

segment––metastases spread mostly to the supradiaphragmal and lower paraesophageal LNs 

(97.3%)––and with tumor infiltration of the retropericardial segment, dissemination spread 

to all groups of lower mediastinal LNs, including 21.4% of bifurcational LNs.

The successful operation of gastric cancer with transition to the esophagus is determined 

mainly by the surgical approach, which is the clue to treatment implications. The 

transthoracic approach in R0 operations of functionally safe patients with cancer types 

Siewert II and Siewert III, regardless of the level of transition to the esophagus, achieved 

reliably better outcomes.

In patients with cancer of the proximal part and body of the stomach with transition to the 

abdominal esophageal segment, there was no difference in the survival rate between the 

groups of transthoracic and transhiatal approaches. This was connected with overall low 

frequency of tumor dissemination to mediastinal LNs (6.1%) and no metastases in 

paraesophageal and bifurcation LNs, while both approaches could easily reach 

supradiaphragmal LNs.

In patients with cancer of the proximal part and body of the stomach with transition to 

supradiaphragmal esophageal segments, 5-year overall and relapse-free survival was slightly 

higher in the group that underwent the transthoracic approach than the group that underwent 

the transhiatal approach (39.4% and 35.6% vs. 27.7% and 20.8%, respectively, P > 0.05). 

This was associated with more frequent non-radical resections of the esophagus as well as 

recurrent metastases in mediastinal LNs after transdiaphragmal interventions.

In patients with subtotal and total gastric cancer with transition to the abdominal and 

supradiaphragmal esophageal segments, both approaches were equivalent in terms of 

survival. This patient group has the poorest prognosis and the highest rate of relapses.

The choice of surgical approach should consider not only the topography and anatomy 

allowing complete planned intervention, but also the specific character of surgical trauma 

taking into account the patient’s functional status.62,63 In elderly patients and those with low 

ventilation function, the method of choice seems to be the transhiatal approach. Modern 

circular staplers form high anastomoses in the mediastinum. A number of authors note a low 

(<1%) rate of suture failure of anastomoses and scar strictures.64,65
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In 2012–2013, we carried out a small pilot study of 30 cases to evaluate the reliability of 

high machine anastomosis (Figs. 3 and 4). No lethal outcomes were registered. On day 7, 

one patient had an esophageal anastomosis fistula, which was cured conservatively.

The following conclusions were reached after our first experience of high machine 

anastomosis. The level of the formed anastomosis corresponds to the level achieved by the 

transthoracic approach. R0 resection in the advanced tumor infiltration into the 

subdiaphragmal esophageal segment cannot be fulfilled by machine anastomosis. The 

transhiatal approach manages adequate mediastinal lympodissection from the diaphragm to 

the trachea bifurcation; however, the transthoracic approach is more convenient because of 

the narrow and extended operation field over the diaphragm. Functional disorders during 

manipulations are high in the mediastinum. No marked rhythm disorders or significant 

cardiac output, which could interfere with surgery, were registered. The average time of 

transhiatal operation was 185 ± 24 min versus 241 ± 28 min of transthoracic operation (P < 

0.05). Intraoperative blood loss was 620 ± 488 mL with the transhiatal approach, and 1.300 

± 625 mL (P < 0.001) with the transthoracic approach. The total number of postoperative 

complications was significantly lower after the transhiatal approach than the transthoracic 

approach (31.7% vs. 47.8%).

Thus, disease prognosis, planning the radical extension of the operation, the availability of 

approaches to achieve radical and safe intervention over the diaphragm, age, history of other 

open lung surgery, and diseases of the pleura determine the surgeon’s responsibility in 

estimating all risks when making a choice of surgical approach in gastric cancer with 

transition to the esophagus.

9. Robot-assisted thoracoscopic esophagectomy for esophageal cancer

Peter C. van der Sluis, Sylvia van der Horst, and Jelle P. Ruurda

j.p.ruurda@umcutrecht.nl

Neoadjuvant therapy followed by radical esophagectomy is the curative treatment for 

patients with esophageal cancer. Even though conventional open transthoracic 

esophagectomy is associated with significant morbidity, predominantly consisting of 

cardiopulmonary complications (50–70%), it is the preferred surgical approach worldwide, 

allowing for en bloc resection of the tumor with the locoregional lymph nodes.66,67

MIE was designed to reduce the rates of morbidity and mortality. A review of the literature 

concerning MIE shows a substantial decrease in blood loss, postoperative complications, 

and days of hospital stay, without prejudice to oncologic results.68 Conventional 

(thoraco)scopic surgery has some important limitations, such as a two-dimensional view, 

disturbed eye–hand coordination, and limited degrees of freedom. A recent survey 

demonstrated that it is not widely adapted.66 Robot-assisted thoracolaparoscopic 

esophagectomy (RATE) facilitates a complex minimally invasive procedure with a stable, 

enlarged, three-dimensional field of view and articulated instruments that facilitate 

dissection with seven degrees of freedom.69,70
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The enlarged, very stable image facilitates dissection close to organs that need to be 

preserved. Manipulation is enhanced so that a very precise dissection can be performed, 

even on moving targets like the aorta and pericardium. Thereby, the oncologic results might 

improve, while maintaining the advantages of minimally invasive surgery, such as 

diminished pulmonary complications.69

From our first experiences with RATE, we concluded that it is a feasible and safe 

technique.70,71 Compared to conventional open transthoracic esophagectomy from the 

literature, RATE was accompanied by reduced blood loss, reduction of intensive care–unit 

stay, and a lower percentage of cardiopulmonary complications.67,71 In hospital mortality, 

hospital stay and lymph node retrieval were comparable.2,6

These results are in concordance with a systematic review, which included nine articles (130 

cases) related to robot-assisted esophagectomy.72 In this review, it was shown that compared 

to open esophagectomy, RATE was accompanied by reduced blood loss and reduced 

intensive care–unit stay. Pulmonary complication rate, hospital stay, perioperative mortality, 

and oncological outcomes were equivalent to open esophagectomy.72

Until now, the level of evidence for robot-assisted minimally invasive thoraco-laparoscopic 

esophagectomy has been suboptimal and based on case series or expert opinions only (Level 

4 or 5).72 There is a need for well-conducted randomized controlled trials and large 

prospective cohort studies with long-term survival to prove the superiority of RATE over the 

worldwide current standard of open transthoracic esophagectomy.

Therefore, we have started a monocenter randomized controlled trial (NCT01544790) to 

compare robot-assisted minimally invasive thoracola-paroscopic esophagectomy with 

conventional open transthoracic esophagectomy.73 This monocenter randomized controlled 

superiority trial can provide further evidence supporting RATE as superior treatment for 

resectable esophageal cancer.

10. Is there still a place for open esophagectomy?

Donald L. van der Peet, Barbara M. Zonderhuis, and Miguel A. Cuesta

d.vdpeet@vumc.nl

Minimally invasive surgery (MIS) for ER has been gradually introduced and has become an 

accepted treatment modality. The apparent advances of the MIS are thought to be applicable 

to esophageal operations. Despite the similarities, several unique factors involved in this 

type of surgery play important roles in the acceptance of MIS for esophageal cancer. 

Treatment has changed from primarily surgical to neoadjuvant chemoradiation followed by 

surgery. Adenomatous carcinoma has become the main type of esophageal cancer. The 

spectrum of patient characteristics has changed accordingly. Obesity and elderly issues have 

become a routine part of taking care of these patients. Also the anatomical characteristics of 

the esophagus may have an impact upon the advance of MIS. As thoracic surgeons may lack 

experience with laparoscopic procedures, the same goes for GI surgeons lacking experience 

with thoracoscopic procedures.
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As Low tried to frame the issue concerning the best approach, a lack of randomized studies 

was a major problem.74 Since then, one randomized trial was published concerning 

minimally invasive versus open esophagectomy. The so-called TIME trial was conducted to 

find out how the minimally invasive approach relates to open procedures.31 With respiratory 

complications as the primary endpoint, it was found that these occurred significantly less 

after MIS than after open esophagectomy (29% vs. 9%). Other studies are underway but 

address different questions. The MIRO trial by Briez et al. tries to depict the value of the 

laparoscopic versus open abdominal phase in combination with an open thoracotomy.75 

Another study by van der Sluis et al. aimed primarily at the use of robotic surgery in 

esophageal cancer.73

What type of surgery for esophageal cancer is common practice?

From an international survey done by Boone et al., it is made clear that the majority of 

surgeons favor open esophagectomy (78%).66 The same has been shown by studies from the 

United Kingdom with a slow uptake of minimally invasive techniques by surgical groups.76 

It can therefore be safely concluded that, although MIS for esophageal cancer is feasible and 

perhaps superior to open esophagectomy, the majority of esophageal surgery is done by 

means of an open procedure.

Conclusions

As of 2014, the open esophagectomy remains the gold standard for most surgical teams. The 

high complexity of the totally minimally invasive procedure necessitates technical skills that 

provide a threshold for most surgeons. It has been shown that, in experienced hands, the 

minimally invasive procedure offers a viable alternative that to some extent may benefit the 

patient when compared to open surgery.

11. SCC: What are the advantages of esophagectomy compared to 

definitive chemoradiotherapy?

Valter Nilton Felix

v.felix@terra.com.br

The optimal management of esophageal cancer is still controversial. Traditionally, surgery is 

the gold standard in the treatment of squamous esophageal carcinoma. However, the 5-year 

survival remains poor, as most patients become only symptomatic with advanced disease.19

Literature data suggest that for some populations with early-stage disease and long-term life 

expectancy, surgery is the best option for treatment. Some cases really can survive after 

chemoradiotherapy (CRT) without esophagectomy, but local recurrence still develops in 

many responders and some need a salvage resection.

Late toxicity is an important issue that could impair quality of life (QOL) after CRT,77 and 

previous studies showed that the negative impact of esophagectomy on QOL was transient 

for patients who survive for at least 2 years and that the QOL of the 2-year survivors was 

significantly better than that of other patients.78,79 A few reports, like that of Yamashita et 
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al., found that the QOL of the CRT and OP groups was similar and that the QOL of the CRT 

group regarding symptoms such as diarrhea, appetite loss, and eating problems was 

significantly superior to that of the OP group.

Prophylactic irradiation covering the area treated by radical esophagectomy in all patients 

with T1N0M0 tumors may be controversial, because of the incidence of severe toxicities 

associated with CRT. Acute toxicity includes respiratory failure, hyperglycemia, anemia, 

granulocytopenia, thrombo-cytopenia, general fatigue, and allergy. On the other hand, the 

accuracies of lymph node metastasis of early-stage esophageal cancer by CT scan or PET-

CT are 60–70% as a result of the low sensitivity, maybe because the size of lymph node 

metastasis in these cases is small. EUS, which has proved to have good sensitivity in 

evaluating regional lymph node metastasis, is considered to be superior to CT.80 Assessing 

lymph node metastasis by both EUS and CT may reduce the number of false-negative 

findings.

The role of adding neoadjuvant CRT to surgery has been extensively investigated in the 

past, and meta-analyses have shown that neoadjuvant CRT was associated with a significant 

survival benefit.81 A complete tumor response was frequently observed after neoadjuvant 

CRT, and this has prompted investigations on the role of definitive CRT in patients with 

squamous esophageal carcinoma (Table 1), demonstrating that esophagectomy performed 

after neoadjuvant CRT provides better local control of the disease, but does not prolong 

overall survival compared with definitive CRT, in most studies.

There are advantages and disadvantages to each modality, and surgeons and oncologists 

might have different opinions about which modality to recommend, especially in clinical 

stage II or III. The 5-year global survival rate after surgery remains relatively modest, 

around 50%, in these cases, but it is uncertain whether definitive CRT achieves treatment 

outcomes comparable to surgery, because there are few reported prospective randomized 

studies trying to compare morbidity and overall survival rates, and the reported studies lack 

well-designed series, almost all mixing stages and types of tumor.

Furthermore, the performance of these clinical trials is quite difficult to analyze because of 

the peculiar treatment characteristics and different follow-up periods. The surgical procedure 

(transhiatal or transthoracic) to be performed has been decided in accordance with the site of 

the tumor, perceived radiological stage, and the physiological fitness (after anesthetic 

assessment, relating comorbidities and past medical history) of the patient, with transhiatal 

resection reserved for those patients with impaired respiratory reserve. During the 

neoadjuvant phase of treatment, 5-fluorouracil (5-FU) is given as a continuous infusion of 

different doses and schedules, with or without cisplatin, via a central venous catheter, and a 

variable fractioned radiotherapy schema is used. Full CRT typically consists of high-dose 

(50–66 Gy) external beam radiotherapy concurrent with variable schema including 5-FU and 

cisplatin, and in some studies the CRT is selected for medically unfit cases or followed by 

salvage surgery.

T3 or T4 squamous cell carcinomas and lymph node–positive disease are associated with 

worsened prognosis. Concurrent CRT is a potentially curative nonsurgical option for locally 
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advanced esophageal cancer, with pathological complete response ranging from 13% to 

49%, but the rate of persistent and recurrent disease within the esophagus remains high at 

40–60% and surgical treatment of these tumors may improve DFS. However, these patients 

are often medically unfit and have much more expressive postoperative morbidity and 

mortality rates if submitted to neoadjuvant CRT. We studied a series of 20 T3–T4a 

(resectable tumor – AJCC Cancer Staging Manual. 7th ed, 2010) patients, divided into two 

groups, operated on with or without use of neoadjuvant CRT (daily regimen consisted of a 

24-hour continuous infusion of 250 mg/m2 of 5-FU combined with a 1-hour infusion of 6 

mg/m2 of cisplatin, while radiation was concurrently administered at 1.6 Gy) performed 3–4 

weeks before surgery. Much more elevated postoperative morbidity and mortality rates were 

observed in the first group (63% and 14% respectively against 31% and 5% of the other 

group; P < 0.05). Pulmonary infection and respiratory failure were the mean postoperative 

complications. Global overall survival did not surpass 18 months in either group. It is worth 

observing that every case related as complete tumor response after neoadjuvant CRT had 

tumoral cells in the pathological analysis of the resected esophagus.

Summarizing, neoadjuvant CRT, carefully employed to avoid severe collateral effects, 

seems to be useful even in the early stage of ESCC. When the tumor is more advanced, the 

theoretical advantages of adding CRT to the treatment of esophageal cancer include 

potential tumor downstaging before surgery, as well as targeting micrometastases and, thus, 

decreasing the risk of distant metastasis. Cisplatin and 5-FU–based regimes are used 

worldwide. CRT could be considered as an option for stage II and III resectable tumors and 

for patients who are medically or technically inoperable. Although neoadjuvant CRT 

followed by surgery or salvage surgery after definitive CRT is a practical treatment, 

judicious patient selection is crucial. It is important to have a thorough understanding of 

these therapeutic modalities to assist these patients, and certainly we have to enhance our 

therapeutic methods to overcome actual results.

12. What should the pathologist report in the resected specimen?

Rupert Langer

rupert.langer@pathology.unibe.ch

Pathology reports should encompass all important information regarding the tumor and the 

quality of the surgical procedure. The major pathology communities, such as the College of 

American Pathologists (CAP)95 and the Royal College of Pathologists (RCP),96 as well as 

numerous other national guidelines, cover these issues. Based on main sources, such as the 

regularly updated WHO classification of tumors (i.e., WHO classification of tumors of the 

digestive tract97), or the AJCC/UICC TNM classification,18,98 pathology reports should at 

least encompass the following items: specimen/procedure; tumor site; distance of tumor 

center from GEJ and relationship of tumor to GEJ; histologic type (WHO classification); 

histologic grade (WHO classification); tumor size; microscopic tumor extension; lymphatic 

and/or vascular invasion; perineural invasion; LNMs; concluding pathologic/postoperative 

staging (pTNM); involvement/distance to margins (oral, aboral, circumferential; including 
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dysplastic conditions); treatment effect after neoadjuvant treatment; additional pathologic 

findings; and ancillary studies (if applicable).

A special emphasis of this session was set on the items R0 resection definition, lymph node 

involvement and location, response to neoadjuvant therapy, and genetic markers:

Resection status

The definition of the proximal and distal resection margin is clear. Involvement of one of 

these margins is associated with bad clinical outcome. In mucosectomy specimens, the deep 

resection margin is also clearly defined. Regarding the circumferential resection margin of 

esophagectomy specimens, there are different definitions among the major pathology 

schools and the UICC/AJCC. The CAP and UICC/AJCC define R0 as non-involvement of 

the (inked) resection margin,18,95,98 whereas the RCP requests a distance of greater than 1 

mm to the resection margin as criterion for an R0 situation.96 These discrepancies have their 

basis in the results of different studies. In a recent meta-analysis, the CAP criteria 

differentiated a higher-risk group of patients than the RCP criteria. The RCP criterion was 

considered to give important additional information. However, an international consensus 

regarding the most accurate and prognostically important definition of circumferential 

resection margin (CRM) involvement would be welcomed; in the interim, arguably the exact 

nearest distance of the tumor from the CRM should form part of routine pathology 

reporting.99

Lymph node involvement

The current edition of the AJCC/UICC TNM classification provides a more detailed 

classification of LNMs for esophageal carcinomas and carcinomas of the GEJ, which now 

encompasses the categories N1 (1–2 regional LNM), N2 (2–6 regional LNM), and N3 (7 or 

more LNM). This classification now parallels gastric cancer, similar to the T category.18,98 

Recent data about the presence of extratumoral extension of LNMs suggest an unfavorable 

influence of this finding.100 Localization of LNM above or below the diaphragm may also 

have prognostic impact.101 These items may be considered in future classification after 

confirmation in larger, independent cohorts. The Japanese Classification of Cancer 

recognizes three lymph node categories that also follow anatomic localizations but not the 

number of LNMs (group 1: cervical LN; group 2: thoracic LN; group 3: abdominal LN; N1 

metastasis involving only group 1 lymph nodes; N2 metastasis to group 2 lymph nodes, 

regardless of involvement of group 1 lymph nodes; N3 metastasis to group 3 lymph nodes, 

regardless of involvement of group 1 or 2 lymph nodes; N4 metastasis to distant lymph 

nodes).102

Effects of treatment

Several tumor-regression grading (TRG) systems are described in the literature, and aim to 

categorize the amount of regressive changes after cytotoxic treatment. Mostly they refer to 

the percentage of residual tumor in relation to the previous tumor site or they estimate the 

amount of therapy-induced fibrosis in relation to residual tumor. Most of these systems have 

been shown to provide highly accurate prognostic value, which may even exceed the impact 

of the TNM staging systems. Currently, however, there is no international consensus 
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concerning which of the TRG systems should be used in general. However, the 

implementation of TRG (any) is widely recommended and may also be part of future staging 

systems.103

Genetic markers

A high number of original papers offer additional data concerning potential prognostic 

parameters that might be also considered for implementation in future standard reporting. 

The determination of Her2 status is mandatory for prediction of therapy response to 

treatment with trastuzumab, which has been approved for the treatment of metastatic gastric 

and gastroesophageal adenocarcinomas in case of Her2 positivity.104 It can be expected that, 

owing to the introduction of other targeted, molecular-based therapies, similar predictive 

tests will enter the clinic and pathologic practice. For conventional CRT, at present no 

validated markers for response prediction are used in practice, although the deregulation of 

many molecules has been shown to be associated with later treatment response. The same 

accounts for the usage of potentially prognostic biomarkers, where currently no biomarker is 

regarded to constantly provide prognostic value for risk stratification of esophageal cancer 

patients. However, a very promising study showed the successful immunohistochemical 

application of a three-gene panel in EAC, which confirmed previous findings from an 

independent cohort.105 For squamous cell carcinomas, cyclin-D1, p53, E-cadherin, and 

vascular endothelial growth factor (VEGF) seem to have the strongest potential to serve as 

prognostic markers.106 Novel technologies such as next-genome sequencing or 

determination of miRNA profiles are expected to detect further potentially useful markers. It 

can be expected that molecular characterization of tumors may also be part of future 

pathology reports.

13. What is the best way to manage the patient with an unsuspected 

positive microscopic margin after ER?

Peter C. Wu, Edgar Figueredo, and Zhao Ming Dong

pcwu@uw.edu

The prognostic significance of a close resection margin (<1 mm) has been well described in 

rectal cancer surgery,107 leading the RCP to define a positive circumferential margin for 

esophageal cancer at or within 1 mm of the cut margin, while the CAP strictly defines a 

positive margin as tumor present at the cut margin. There is ongoing controversy over which 

definition is more clinically significant and most reliably predicts patient outcome.

Figure 5 provides two case examples of positive margin status following esophagectomy. 

Patient A underwent transhiatal esophagectomy for a locally advanced distal esophageal 

adenocarcinoma following neoadjvuant CRT and was found to have mul-tifocal 

intramuscular islands of tumor cells at the proximal cervical ER margin. Patient B was 

diagnosed with a locally advanced GEJ adenocarcinoma, underwent a transthoracic 

esophagectomy following induction CRT, and was found to have large mucin pools 

containing scattered carcinoma cells present at the distal gastric resection margin.
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A meta-analysis99 of 14 studies involving nearly 2500 patients who underwent curative 

esophagectomy for esophageal cancer was performed to study the impact of CRM on 

survival. Margin criteria as defined by the RCP and CAP were compared, and outcomes 

showed that tumors present at the cut margin defined a higher-risk group compared to those 

with close margin status. This study also showed that neoadjuvant treatment significantly 

lowered positive margin rates in both groups, and lymph node status was a stronger 

predictor of negative outcome compared to CRM status. A compilation of 10 studies 

reporting outcomes for T3 tumors showed an overall positive CRM rate of 15% by CAP 

criteria and 43% by RCP criteria. Five studies included patients who had received 

neoadjvuant CRT and showed lower positive CRM rates of 11% and 32% according to CAP 

and RCP criteria, respectively.

Table 2 summarizes results from two high-volume U.S. centers108,109 and one each from the 

Netherlands110 and Ireland111 specifically comparing outcomes of positive cut margins 

(CAP) with close resection margins (RCP) in locally advanced T3 tumors. Patients with 

tumor present at the resection margin had significantly worse median overall survival rates 

compared to those with a confirmed negative margin. On the other hand, there was no 

significant difference in survival observed in patients with close versus negative margins. 

Centers using neoadjuvant treatment protocols reported lower positive margin rates.

Among the largest single-institutional series of transhiatal esohagectomies,112 the University 

of Michigan team reported 26 patients out of 1044 cases with distal esophageal or gastric 

cardia tumors that were found to have a positive gastric resection margin. Among these 

patients, 80% died with distant metastatic disease. Nine patients received adjuvant treatment 

which neither improved survival nor dysphagia from local recurrence.

We propose the following guidelines with regard to the unsuspected positive microscopic 

margin following curative resection for esophageal cancer. A minimum gastric margin of 5 

cm should be ideally maintained from the palpable tumor. Based upon current evidence, it 

remains controversial whether a close esophageal cancer resection margin should be treated 

the same as close rectal cancer resection margins. Neoadjuvant treatment has been shown to 

consistently reduce circumferential margin rates for locally advanced esophageal tumors. 

Regional nodal disease should guide adjuvant treatment decisions, but there is a lack of 

evidence to support adjuvant treatment for the CRM+ patients. Finally, surgical 

reexploration in the perioperative period including en bloc resection of the esophagogastric 

anastomosis and gastric conduit with bowel interposition could only be tolerated in a few 

highly selected patients, with expected high morbidity. Multidisciplinary evaluation by an 

experienced esophageal cancer team is recommended for all patients to minimize 

complications and optimize outcomes.

14. Enhanced recovery after surgery: expedited care protocols

Piers A.C. Gatenby, William H. Allum, and Shaun R. Preston

p.gatenby@ucl.ac.uk
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Introduction

Enhanced recovery, fast-track pathway, standardized clinical protocol, expedited-care 

program, and other terms have been used to describe systems of care delivery to reduce the 

physiological stress response and optimize postoperative recovery, involving a multimodal 

approach to perioperative management within a framework for goal-directed therapy with 

consistency of care. The goal is to improve quality of care with reduced length of stay, 

improved patient satisfaction, and reduced cost.113 These systems have grown in popularity 

in recent years (with an increasing drive to improve the quality of services within the 

constraints of limited resources and increasing demands114).

Enhanced recovery principles

Approaches to these systems are centered around interventions in the preoperative (pre-

admission counseling, fluid and carbohydrate loading, avoidance of prolonged fasting, 

antibiotic prophylaxis, and thromboprophylaxis), intraoperative (short-acting anesthetic 

agents, avoidance of drains, goal-directed fluid therapy, maintenance of normothermia) and 

postoperative (regional anesthesia/analgesia and non-opioid analgesia, early removal of 

nasogastric tubes and urinary catheters, prevention of nausea and vomiting, early enteral 

nutrition, early mobilization and stimulation of gut motility) phases of care.115

Enhanced recovery in ER

ER provides a particular challenge when developing streamlined, standardized care. Patients 

are frequently elderly and frail; many have undergone neoadjuvant therapy and require 

extensive surgery on multiple body cavities that is performed in relatively small numbers, 

even in busy units, when compared to other surgical specialties such as joint replacement or 

colorectal surgery.

ER pathways have been undertaken for esophageal surgery since 1991,116 far ahead of the 

popularity gained in other surgical specialties in the last decade.117 Table 3 demonstrates the 

components of enhanced recovery programs in recent studies (adapted from Ref. 115).

Table 4 shows the clinical outcomes from ER pathways in published studies (adapted from 

Ref. 115).

Discussion

The pathways have demonstrated improvements in critical care and total inpatient stay as 

well as improving patient satisfaction and conferring some cost savings. It is impossible to 

completely disaggregate which components of the pathway are most important to achieve 

and sustain improvement in quality and outcomes, and any standardized pathway of care 

may help to achieve improvements.

From their own experience, the authors would like to highlight the following key 

considerations. First, buy-in from all clinicians involved in the study and their involvement 

in development and implementation of the program is vital for success. Similarly, patients 

must all subscribe to the program, and their expectation and understanding of the pathway 

are of key importance. Second, specific areas which are of probable high yield for 
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expeditious recovery are early mobilization (with elimination of typical impediments to free 

movement such as monitoring equipment, drains, catheters, and nasogastric tubes), 

consideration of early enteral nutrition, judicious fluid management, and optimized delivery 

of analgesia. Third, there is a need to measure and sustain results. This requires robust data 

collection, ideally covering compliance with the pathway components as well as main 

outcomes. This should help to promote a culture of continued improvement, with refinement 

of the pathway and avoidance of deteriorating drift of outcomes following the initial 

improvements.

15. Long-term quality of life after esophagectomy

Michael P.N. Lewis and Justin C.R. Wormald

Michael.Lewis@nnuh.nhs.uk

The treatment of esophageal cancer, like many other cancers, has seen improved outcomes 

over the last 20 years. This has come as a result of improvements in neoadjuvant treatment, 

but also as a result of improved staging, surgery, and perioperative care. The most recent 

English national audit published in 2013 has shown a postoperative mortality of only 1.7% 

following esophagectomy.118 The CROSS study, a recent large study of neoadjuvant 

chemoradiotherapy in esophageal cancer, reported a 5-year survival of 47% in the treatment 

arm.119 However, it is also worth noting the impressive 34% 5-year survival in the control 

(surgery only) group.

As a result of surgical and oncological improvements, more people are surviving both 

esophageal cancer surgery and esophageal cancer itself. QOL after treatment has therefore 

become more important than ever.

Measurement of QOL by tools such as the EORTC QLQ-C30 and its add-on module OG25 

has become an integral outcome for many trials in esophageal cancer. There is some 

prognostic value to the scores recorded by such tools, with high pretreatment fatigue and 

dyspnea scores and low physical function scores being associated with decreased cancer 

survival.120 There are a number of important issues that affect the QOL of esophageal 

cancer patients after treatment, such as patient demographic and comorbid factors, disease 

stage, and disease recurrence. Surgical factors include the type of surgery, site of 

anastomosis, type of conduit, and postoperative complications.

Most symptom scores reach a peak in the immediate postoperative period following 

esophagectomy and can take months or years to improve. Likewise, the functional scores 

show an immediate dip after surgery and slowly improve back to pre-operative levels by a 

year. Patients who do not survive beyond 2 years as a result of disease recurrence have a 

persistently low QOL score after surgery, until death.78 Several studies have examined the 

long-term impact of esophagectomy on QOL. Specific long-term symptom issues associated 

with esophagectomy include gastroesophageal reflux, pain, dysphagia, and dumping.121 A 

further study on 87 patients at 3 years post-esophagectomy reported reductions in many 

aspects of QOL compared to a reference population.122 Conversely, a longer follow-up 
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study in 50 patients showed comparable QOL to the reference population after either 

thoracotomy or THE.123

Surgical factors

The aim of esophagectomy for esophageal cancer should primarily be to achieve a complete 

pathological resection (R0). Secondary aims of surgery should include limiting the 

physiological insult as much as possible, achieving an adequate lymph node yield for 

prognosis, replacing the esophagus with a functioning conduit, and realizing a good QOL for 

the patient after discharge from the hospital. There have been a number of different surgical 

operations developed in order to achieve these aims and there have been randomized trials to 

compare them.

The type of conduit is plainly important to long-term aspects such as reflux and swallowing 

issues. An interesting randomized trial of a narrow gastric tube versus whole-stomach 

conduit in 104 patients revealed, perhaps not surprisingly, better QOL in the narrow gastric 

tube group at 6 and 12 months compared to the whole-stomach group, with impaired 

pulmonary function and worse reflux in the whole-stomach group.124 De Boers’ randomized 

study of THE versus thoracotomy reported on QOL factors: the impact of avoiding a 

thoracotomy in the transhiatal group was reflected by better physical activity and fewer 

physical symptoms at 3 months postoperative, although these effects lessened with time and 

the long-term effects have not been compared fully.125 A comparison of anastomotic site 

(cervical anastomosis versus high mediastinal anastomosis) at a median postoperative period 

of 6 years in 62 patients failed to show a difference in QOL, both between groups and when 

compared to a reference population.126 However, an earlier study using the MOS SF-36 tool 

and informal symptom reporting suggested less reflux in patients treated with a cervical 

anastomosis, though again, comparable QOL to reference populations.78 The role of 

pyloroplasty on long-term QOL has yet to be fully identified. Minimally invasive 

esophagectomy appears to offer the potential to improve short-term effects on QOL but is 

unlikely to affect long-term issues. QOL is a vital aspect of patient treatment and should be 

measured at important points in the patient journey. While cancer cure should be the main 

aim of surgery, the impact of treatment on the patient’s QOL should remain a major priority 

of the clinician.
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Figure 1. 
Surgical algorithm for esophageal cancers.
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Figure 2. 
Postoperative nutritional strategy of avoiding early oral feeding.
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Figure 3. 
Endoscopic control of anastomosis (indicated by the arrow) during the operation.
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Figure 4. 
Contrasting imagining of the anastomosis. The anastomosis is indicated by the arrow.
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Figure 5. 
(A) Patient A: proximal cervical esophageal margin (inked blue) with tumor foci present 

within the muscle wall. (B) Patient B: mucinous signet ring adenocarcinoma consisting of 

mucin pools with scattered rare viable carcinoma cells involving the distal stomach resection 

margin.
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