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ABSTRACT

Background Conventional esophageal resection for cancer is associated with high rates of morbid-

ity and mortality. Minimally invasive esophagectomy (MIE) may reduce the morbidity and improve 

the post-operative recovery with similar oncological outcomes. To date, no randomized controlled 

trial has compared MIE to open esophageal resection. This study tested the hypothesis that MIE 

would be associated with a decreased rate of post-operative respiratory infections as compared to 

open resection in patients undergoing potentially curative resection for intrathoracic esophageal 

or gastro-esophageal junction cancer.

Methods A prospective, multicenter, randomized controlled trial was performed. Eligible patients, 

with a resectable intrathoracic esophageal carcinoma, including the gastro-esophageal junction 

tumors were randomized to either MIE or open esophagectomy. All patients received neoadjuvant 

treatment according to center protocol. Open surgical technique involved a right thoracotomy 

with lung blockade and laparotomy either with a cervical or intrathoracic anastomosis; whereas 

MIE involved a right thoracoscopy in prone position with a single lumen tube and laparoscopy, 

either with a cervical or an intrathoracic anastomosis. Endpoints included post-operative respi-

ratory infections within the first two post-operative weeks and overall in-hospital incidence. 

Secondary endpoints included operative characteristics, morbidity (major and minor), mortality, 

and quality of life outcome (SF-36 and EORTC C30 + OES 18). Data were analyzed according to the 

intention-to-treat principle.

Results From 2009 to 2011, 115 patients were randomized in 5 centers. Eight patients developed 

metastasis during neoadjuvant therapy or had an irresectable tumor and were therefore excluded 

from the analysis. Fifty-two open esophagectomy patients were comparable to 55 MIE patients 

for gender, age, BMI, ASA grade, type of esophageal cancer, and location of the tumor. MIE took 

longer 300 vs. 330 minutes (p=0.001) but was accompanied by less blood loss 475 vs. 200 ml 

(P=0.000). Conversion rate was 11%. Hospital stay (15 vs. 11 days, p=0.046) and Visual Analogue 

Score (VAS) for pain were significantly better in the MIE group (p=0.000). Mortality rate was 2 

and 4% respectively (not significant). There was a significantly lower incidence of respiratory 

infections in the MIE group, within 2 weeks (31% vs. 9%, p=0.005) and in hospital (37% vs. 13%, 

p= 0.004). Major complications reported per patient were not significant (27% vs. 20%), with the 

exception of higher recurrent nerve palsy in the open group (15% vs. 2%, p= 0.012). Specimen 

data, R0 resection (90% vs. 98%), and the number of retrieved lymph nodes were similar. The 

short-term 6 weeks post-operative quality of life indicators in the SF-36 and EORTC C30 + OES 

18 questionnaires were significantly in favor of the MIE group for different domains, including 

general and global health experience.

Conclusions MIE is associated with a lower incidence of post-operative respiratory infections, a 

shorter hospitalization and an improved short-term quality of life at the cost of a slightly longer 

operating time.

 Trial registration (Netherlands Trial Register): NTR TC 2452
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BACKgROUND

The incidence of esophageal cancer is increasing worldwide. In 2008, there was an estimated 

incidence of 482,300 new cases; whereas in 1990 this number was only 316,000.1,2 Incidence rates 

for adenocarcinoma of the esophagus have been increasing in several Western countries, in part 

due to increases in the prevalence of known risk factors such as overweight and obesity.3 In the 

Western world, approximately one third of the patients are considered candidates for a curative 

approach.3 Surgical resection with radical lymphadenectomy, usually after neoadjuvant chemo-

therapy or chemoradiotherapy, is considered the only curative option for resectable esophageal 

cancer.3,4,5

The three main surgical approaches for intrathoracic esophageal cancer are: (1) the three stage 

transthoracic resection, i.e. right thoracotomy, laparotomy and cervicotomy followed by a cervical 

anastomosis; (2) the two stage transthoracic resection, i.e. laparotomy, and the right thoracotomy 

with an intrathoracic anastomosis (Ivor Lewis procedure); and (3) the two stage transhiatal resec-

tion, i.e. laparotomy and cervicotomy with cervical anastomosis.5,6 The latter approach might be 

accompanied by fewer post-operative respiratory complications but is probably oncologically a less 

radical approach than the thoracic resection. An important trend of better survival was observed 

in the transthoracically approached patients in a randomized study comparing transthoracic with 

transhiatal esophagectomy for distal, but not for the GE junction cancers.7,8 Moreover, cancer 

of the lower esophagus may metastasized in 25% to the lymph nodes around the carina.9 There-

fore, patients having an intrathoracic esophageal cancer in any location and being in reasonable 

general condition are increasingly surgically approached transthoracically.5,10 This transthoracic 

procedure is however, considered to be one of the most extensive and invasive oncological surgical 

procedures. Conventional resection necessitates post-operative care in the intensive care unit, a 

long in-hospital recovery with decreased quality of life, and it carries a significant risk of morbid-

ity, especially respiratory infections (50–70%), and death (5%).11

Minimally invasive esophagectomy (MIE), avoiding thoracotomy and laparotomy, may reduce 

the post-operative morbidity, in particular respiratory infections. The thoracic phase of this pro-

cedure may be performed through a lateral right thoracic approach with lung block or in prone 

position without selective lung block.12,13 Important series, in lateral and in prone positions, have 

reported low post-operative respiratory infection rates and short hospital stay, and a systematic 

review showed a comparable pathological outcome of the resected specimen after MIE.13–17

As a result of such possible improvements, the minimally invasive approach is increasingly 

implemented. To date, the purported beneficial impact of MIE on curable esophageal cancer 

regarding post-operative complications and quality of the specimen has not been the subject of a 

randomized controlled trial. The present study was designed as a randomized controlled trial to 

compare the impact of MIE and open esophagectomy (OE) on post-operative respiratory infection 

rates and quality of life in patients with esophageal cancer.
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METHODS

Study Design and Hypothesis
A prospective, multicenter, randomized controlled trial was performed. The tested hypothesis was 

that MIE would be associated with a decreased rate of post-operative respiratory infections as com-

pared to open resection in patients with a curable intrathoracic or GE junction esophageal cancer.

Primary Endpoint
The primary endpoint of the study was post-operative respiratory infection, defined as clinical 

manifestation of (broncho-) pneumonia confirmed by thorax X-ray and/ or Computer Tomogra-

phy (CT) scan and a positive sputum culture, occurring within the first two weeks and during the 

whole hospital stay (“in-hospital”).

Secondary Endpoints
The secondary endpoints included: 1) operating time (minutes) calculated from skin incision to 

skin closure; 2) estimated blood loss (ml); 3) conversion of thoracoscopy or laparoscopy to an 

open procedure; 4) other post-operative complications classified as minor and major, the latter 

including re-operations and esophageal stenting during the in-hospital period from initial sur-

gery. The most severe complication per patient is presented in this study. Post-operative bleeding, 

anastomosis leakage, thoracic empyema, mediastinitis, vocal cord paralysis, and re-operations 

were classified as major complications. Pneumothorax or pleural effusion requiring additional 

drainage, delayed gastric emptying, chylous leakage managed with diet restrictions and wound 

infection were recorded as minor complications; 5) post-operative mortality defined as death from 

whatever cause occurring during the hospital stay; 6) number of days of stay in Intensive Care Unit 

(ICU) and hospital stay; 7) the Visual Analogue Score (VAS)-pain-score measured pre-operatively 

and daily after surgery up to post-operative 10th day; 8) quality of life questionnaires (SF-36 and 

EORTC C30 + OES18) measured pre-operatively and 6 weeks after surgery18,19; 9) pathological 

parameters of the resected specimen such as resection and circumferential margins, number of 

lymph nodes retrieved, and response rate according to the Mandard score.20

Eligibility Criteria for Patients
All patients presenting at the participating centers with a curable esophageal cancer (T1-3, N0-1, 

M0), histological proven adenocarcinoma, or squamous cell carcinoma, or undifferentiated carci-

noma of the intrathoracic esophagus, and GE junction tumors with maximal gastric ingrowth of 2 

cm were candidates for inclusion in the study. The age of the patients was set at ≥18 and ≤ 75 years. 

Moreover, diagnosis and staging was established by esophagoscopy and biopsies, by CT-scan of 

neck, thorax and abdomen and by endo-ultrasonography (EU).

Exclusion criteria: patients were not admitted to the study if any of the following criteria were 

present: 1) failure to sign informed consent, 2) carcinoma of the cervical esophagus, 3) previous 
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thoracic surgery, 4) a World Health Organization (WHO)-Eastern Cooperative Oncology Group 

(ECOG) performance status of ≥ 3. An exclusion list was maintained by all participating centers in 

order to analyze the quality of the randomization rate.

Enrollment of patients
Patients were referred to participating centers by primary care general practitioners, secondary 

care hospitals, or gastro-enterologists. The external validity of the study was addressed by avoid-

ing advertisement as method of patient recruitment.

Randomization generation and Implementation
Eligible patients were informed about the study by the surgeon at the outpatient clinic. They were 

informed about the whole trajectory of treatment consisting of neoadjuvant treatment followed 

by surgery of one of the two modalities, OE or MIE, according to the randomization. Written 

informed consent was obtained from eligible patients. A computer-generated randomization was 

used at the coordinating center to create an allocation sequence to assign patients to the study 

arms. Randomization was stratified for each study center.

Participating Centers and Surgeons
This concerned a multicenter trial conducted in 5 tertiary care centers. Recruitment of centers 

was by invitation— knowing the experience of the centers with open and minimally invasive 

thoracoscopic esophageal resection for cancer. There were consistent contacts between the study 

coordinator and the participating centers. To prevent surgeon bias, either MIE or OE had to be 

performed by experienced surgeons in conventional esophageal resections with an experience of 

at least 10 minimally invasive thoracoscopic esophagectomies. In order to prevent institution bias, 

only hospitals with high volume (> 30 esophagectomies/ year) participated in this trial.

Pre-operative management
Patients in both groups received similar pre-operative treatment. Pre-operative preparation 

included regular consultations by a dietician and physiotherapist especially during the periods of 

neoadjuvant therapy, under the treatment of medical oncologist and radiotherapist. Supplemental 

nutritional feeding could be initiated and if necessary, a duodenal feeding tube was placed for 

enteral feeding. A research nurse, the study coordinator, and the participating surgeons under-

took coordination of this preparation in each center.

Study Interventions
Eligible patients were randomized to either MIE or OE at the outpatient clinic. The interval between 

neoadjuvant therapy and operation was 6–8 weeks. Regardless of study arm, prior to surgery patients 

were given prophylactic intravenous antibiotics (Cefuroxime and Metronidazole). All patients 

received an epidural catheter, a central venous pressure line, arterial line and a bladder catheter.
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The OE as well as the MIE included a two-field esophageal resection with 3–4 cm wide gastric 

tube formation followed by a cervical or intrathoracic anastomosis.

The three stage OE was performed in left lateral position through a right posterolateral tho-

racotomy with selective intubation in order to collapse the right lung. The esophagus, covering 

mediastinal pleura and peri-esophageal and carinal lymph nodes were dissected free along the 

planes involving the pericard sac, pulmonal veins, right and left bronchus, carina and trachea. 

The thoracic duct was clipped at the hiatal level and the azygos vein was divided between clamps. 

A drain was left in the thoracic cavity and the patient was turned to a supine position for a supra-

umbilical laparotomy. Gastric dissection was performed with preservation of the gastro-epiploic 

vessels followed by lymphadenectomy of the celiac trunk. Dissection of hiatus was performed, and 

enlarged and wide communication with thoracic cavity established. No pyloroplasty or Kocher 

maneuver was performed routinely. After dissection of esophagus at the neck and division, 

retrieval of the specimen was performed through the laparotomy wound, followed by resection of 

the specimen, creation of gastric tube, and cervical anastomosis. After placement of a jejunostomy 

tube for feeding, laparotomy and neck incisions were closed.

In the case of an Ivor Lewis operation with intrathoracic anastomosis, intervention started 

by laparotomy, and after gastric dissection as in the three stage procedure, the gastric tube was 

constructed, and the patient was placed for right thoracotomy in lateral position. After dissection 

of the esophagus and lymphadenectomy, esophagus was divided at the level of the divided azygos 

vein. The gastric tube (and specimen) was pulled into the thorax and after resection of the speci-

men an anastomosis was performed by means of circular stapler 25 mm in an end to side fashion.

For the three-stage MIE procedure, the operation started in prone position with single tracheal 

intubation and abduction of both arms to increase the space between spine and scapula. Using 

3 or 4 ports along the inner side of the scapula, optimal visualization of esophageal area was 

obtained by partial pulmonary collapse by means of insufflation of the thoracic cavity between 6–8 

mm Hg. As in the OE, the esophageal resection was performed along the anatomical planes, with 

lymphadenectomy of peri-esophageal and carinal lymph nodes. Moreover, the thoracic duct was 

clipped and resected and the arch of the azygos vein was divided by means of a stapler device. After 

completing esophageal dissection from the trachea unto the thoracic outlet, thoracic cavity was 

drained and patient was turned in the supine position for the laparoscopic phase of the interven-

tion. In the French position, and using 5 ports, the stomach was dissected with preservation of the 

gastro-epiploic vessels as in the OE with lymphadenectomy of the celiac trunk and communication 

with the thoracic cavity after enlargement of the hiatus. After dissection of the neck, the esophagus 

was transected there and the specimen was exteriorized through a well-protected, small supra-

umbilical incision and resected. External creation of the gastric tube was followed by conduction 

to the neck and anastomosis with the cervical esophagus as in OE. A jejunostomy feeding catheter 

was inserted and incision and ports closed. If conversion was necessary during the thoracoscopic 

or in the laparoscopic phase, a posterolateral thoracotomy or median laparotomy was performed.
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As in the OE Ivor Lewis procedure, the minimally invasive Ivor Lewis intervention started with 

the laparoscopic phase, and after dissection of the stomach up to hiatus, intra-corporeal creation 

of the gastric tube was performed with a stapler device up to the fundus. The patient was positioned 

in the prone position, and after dissection of esophagus up to the azygos vein with peri-esophageal 

and carinal lymphadenectomy, the esophagus was divided at this level. A purse string suture was 

placed around the proximal esophagus. Through a mini-thoracotomy at the level of the point of 

the scapula, a 25 mm anvil was placed into the proximal esophagus and the suture was tightened. 

At this stage, as a consequence of the small thoracotomy, it was necessary to block the lung com-

pletely with a Fogarty balloon introduced at the right bronchus to perform the anastomosis with 

optimal visualization. The specimen was retrieved and the 25 circular stapler placed in the gastric 

tube and introduced into the thorax followed by an anastomosis in end to side fashion.

Post-operative Management
After surgery, all patients were admitted to the ICU. After stabilization and detubation, the patient 

was, if indicated, admitted to the general surgical ward or to the medium care unit (MCU) the 

following day. In the first days after surgery, analgesics were administered by the epidural route. 

To regain early mobilization starting day 1, patients were encouraged to sit out of bed on the gen-

eral surgical ward. Enteral feeding was started at day 1 after operation through the jejunostomy 

and increased to optimal feeding at day 3. Normal diet could be progressively resumed while 

jejunostomy feeding was decreased. Patients were discharged when they were able to eat normal 

food, were mobile and were comfortable with oral analgesia. Completion of the feeding over the 

jejunostomy could be continued in a small portion after discharge. Follow-up was scheduled at 6 

weeks, 3, 6 and 12 months, and thereafter once a year.

Ethics
This study was conducted in accordance to the principles of the Declaration of Helsinki and “good 

clinical practice” guidelines. The study protocol was approved by the Institutional Review Board 

and Ethical Commission of all participating centers. Before randomization, written informed 

consent was obtained from all patients.

Sample Size
Software (Power and Precision, Biostat, Englewood, NJ) was used for sample size calculation. 

The goal was to test for superiority of MIE, as compared to OE, with respect to respiratory infec-

tions 2 weeks after operation. The available data from the literature suggested a 28% difference in 

respiratory infections between MIE (29%)13–17 and open esophagectomy (57%)11. To demonstrate 

a 0.28 difference, 2 groups of 48 patients were required (alpha=0.05 and beta=0.80). Estimat-

ing that approximately 20% of the eligible patients may not undergo the allocated intervention 

(e.g. metastases during neoadjuvant therapy, irresectable tumors), approximately 60 patients per 

group were asked to participate.
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Statistical Analysis
Values were expressed as median and range for continuous variables or mean and standard 

deviations where appropriate. The distributions of dichotomous data were given in percentages. 

Where appropriate, groups compared using an Independent Samples T-test, otherwise a Mann 

Whitney U test, or Chi-square test. Pain scores were also analyzed using a linear mixed model. 

The quality of life questionnaires were compared using a covariance analysis (pre-operative scores 

as co-variables). Statistical analysis was performed with SPSS version 17 (SPSS Inc., Chicago, 

Il). Converted patients were analyzed in the MIE arm in accordance with the intention-to-treat 

principle.

Figure 1. Enrollment and outcomes
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RESUlTS

Patients
Between June 2009 and March 2011, 144 patients were eligible for randomization. Of these, 29 

were excluded for various reasons (Figure 1). A total of 115 patients underwent randomization in 

5 centers. Eight patients were not included in the analysis: three patients developed metastasis 

during neoadjuvant therapy, four had an irresectable tumor during surgery, and one patient had 

liver metastasis being diagnosed intra-operatively. Finally, 52 patients were analyzed in the open 

group and 55 patients in the minimally invasive group. Two patients in the open group refused 

open surgery and underwent MIE. Two patients in the MIE group developed a WHO-ECOG condi-

tion of 3 during neoadjuvant therapy and subsequently underwent a transhiatal esophagectomy. 

The demographic and clinical characteristics of the patients in the two study groups, including the 

neoadjuvant treatment, were comparable between the groups (Table 1).

Table 1. Demographic and clinical characteristics of the patients

OE (n= 52) MIE (n= 55) P

Gender ns

Male 43 39

Female 9 16

Age^ (years) 62 (42-75) 62 (34-75) ns

BMI*  (kg/m2) 24 (±3.7) 25 (±3.7) ns

ASA-classification ns

1 14 10

2 31 32

3 6 13

4 1 0

Type carcinoma ns

Adenocarcinoma 35 33

Squamous cell carcinoma 16 22

Other 1 0

Location of tumor¶ ns

Upper third 2 1

Middle third 20 23

Lower third/ junction 30 30

Neoadjuvant therapy ns

Chemoradiotherapy 48 50

Chemotherapy alone 4 5

OE, Open Esophagectomy. MIE, Minimally Invasive Esophagectomy. ns, not significant. ^, skewed distribution, median 
(range), Mann Whitney U test applied. *, normal distribution, mean (standard deviation), Independent samples t test applied. 
BMI, Body Mass Index. ASA, American Association of Anesthesiologist classification system. ¶, American Joint Committee on 
Cancer (AJCC) site classification of thoracic and abdominal esophagus, one patient in the MIE group had a cardia carcinoma 
per-operatively and subsequently underwent a Merendino gastric resection.
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general and Pathological Outcome
The general parameters are depicted in Table 2. Except for operating time (longer in MIE) and 

blood loss (lower in MIE) there were no significant differences in intra-operative data in the 2 

study arms. Conversion rate was 11% (6 patients). Five cases were converted to thoracotomy and 

one case to laparotomy. Reasons for conversion included persistent hypercapnia (1 patient), 

pleural adhesions (2 patients), inadequate intrathoracic anastomosis (2 patients), and extensive 

adhesions around the celiac trunk (1 patient). Also, the location of anastomosis was comparable 

between the groups. There was no difference in ICU stay between the groups. However, a sig-

nificant shorter hospital stay was observed in the MIE group (15 vs. 11 days, p=0.046). Based on 

linear mixed model analysis of the VAS, MIE patients experienced less pain in the first 10 days 

post-operatively (mean VAS 3 vs. 2, p= 0.001).

The majority of the patients had an adenocarcinoma (Table 3). Pathological examinations of 

the resected specimens showed that the radicality of the intervention, and number of lymph nodes 

retrieved were comparable between the OE group and MIE group. Concerning the pathological stage, 

also comparable, complete response with no residual tumor and lymph node was found in 7 and 9 

patients respectively. One patient in the OE group and 2 in the MIE group had no residual tumor pres-

ent, but lymph node metastasis was present and these patients were staged accordingly as stage IIb.

Primary Outcome
Post-operative respiratory infections are shown in Table 4. Within 2 weeks, respiratory infections 

occurred in 31% of the patients in the open group and in 9% in MIE group (p=0.005). The overall 

in-hospital incidence of respiratory infections was also significant in favor of the MIE group (37% 

vs. 13%, p=0.004).

Table 2. General outcomes

OE (n= 52) MIE (n= 55) P

Operative time (min) ^ 300 (195-570) 330 (215-559) 0.001

Blood loss (mL)^ 475 (50-3000) 200 (20-1200) 0.000

Conversions¶ N/A 6 (11%)

Level of anastomosis
cervical
thoracic

37
15

38
17

ns

ICU stay (days) ^ 1 (1-106) 1 (1-50) ns

Hospital stay (days) ^ 15 (7-120) 11 (7-80) 0.046

VAS*  (10 days) 3 (±2) 2 (±2) 0.001

OE, Open Esophagectomy. MIE, Minimally Invasive Esophagectomy. Ns, not significant. ^, skewed distribution, median 
(range), Mann Whitney U test applied. ¶, In 1 patient the thoracoscopy was converted to thoractomy due to hypercapnia, in 
2 patients due to pleural adhesions, in another 2 patients due to inadequate anastomosis. In 1 patient the laparoscopy was 
converted to laparatomy due to truncal adhesions. N/A, not applicable. *, Visual Analogue Score for pain, linear mixed model, 
mean (standard deviation). 
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Secondary Outcome
The other post-operative complications were not significant with regard to major and minor 

(Table 5). Twenty seven percent (14 patients) in the OE group versus 20% (11 patients) in the MIE 

group had major complications (not significant). Significantly more patients with vocal cord 

paralysis were observed in the OE group compared to the MIE group (8 (15%) vs. 1 (2%), p=0.012). 

Four patients OE group with vocal cord paralysis had a respiratory infection during the in-hospital 

period. The other four patients in the OE group and the one in the MIE group experienced no 

respiratory infection.

There were no significant differences in hospital mortality between the two groups, 2% (1 

patient OE) versus 4% (2 patients MIE). Overall mortality in the entire series was 2.8% .

The rate of re-operations and esophageal stenting was not significantly different between OE 

and MIE (7 (13%) versus 10 (20%), respectively). Half of the re-interventions were related to leak-

age of the anastomosis. One patient in each group was managed conservatively for a subclinical 

anastomosis leakage. Different types of interventions are depicted in Table 6.

Table 3. Pathological specimen parameters

OE (n= 52) MIE (n= 55) P

Type carcinoma 
Adenocarcinoma
Squamous cell carcinoma
Other
No residual tumor present

34
10
0
8

26
16
2
11

ns

Total LN retrieved ^ 21 (7-47) 20 (3-44) ns

Resection margin
R0
R1

47 (90%)
5 (10%)

54 (98%)
1 (2%)

ns

Stage*

 0
 I
 IIa
 IIb
 III
 IV
 No residual tumor/no  LN metastasis

0
4
16
6
14
5
7

1
4
17
9
11
4
9

ns

OE, Open Esophagectomy. MIE, Minimally Invasive Esophagectomy. Ns, not significant. ^, skewed distribution, median 
(range), Mann Whitney U test applied. LN, Lymph Node. * Staging based on the AJCC 6th Edition. 

Table 4. Primary outcome

OE (n= 52) MIE (n= 55) P

Pneumonia within 2 weeks 16 (31%) 5 (9%) 0.005

Pneumonia (in-hospital) 19 (37%) 7 (13%) 0.004

OE, Open Esophagectomy. MIE, Minimally Invasive Esophagectomy. 
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Table 5. Post-operative morbidity

OE (n= 52) MIE (n= 55) P

Major complications
Anastomotic leakage
 Thoracic leak
 Cervical leak

 With mediastinitis
 Without mediastinitis

14 (27%)
4 (8%)
 1 (2%)
 3 (6%)
 1 (2%)

 2 (4%)

11 (20%)
7 (13%)
 2 (4%)
 5 (9%)
 3 (6%)  
 2 (4%)

ns
ns
ns
ns
ns

Mediastinitis without anastomotic leakage 0 1 (2%) ns

Empyema without anastomotic leak 1 (2%) 0 ns

Chylous leak requiring re-operation 0 1 (2%) ns

Vocal cord paralysis 8 (15%) 1 (2%) 0.012

Pulmonary embolism 0 1 (2%) ns

Hiatal herniation 1 (2%) 0 ns

Minor complications
Pneumothorax requiring additional drainage 

10 (19%)
2 (4%)

6 (11%)
3 (5%) ns

Pleural effusion requiring additional drainage 1 (2%) 0 ns

Delayed gastric emptying 1 (2%) 1 (2%) ns

Chylous leakage managed with diet restrictions 5 (10%) 2 (4%) ns

Woundinfection 1 (2%) 0 ns

Death
In-hospital mortality 1 (2%) 2 (4%) ns

OE, Open Esophagectomy. MIE, Minimally Invasive Esophagectomy. Ns, not significant. Morbidity is reported per patient.

Table 6. Re-operations/ endoscopic stenting

OE (n= 52) MIE (n= 55) P

Re-operations/ endoscopic stenting
 Related to leakage*

 Stenting/ drainage/ decortication
 Redo anastomosis/ drainage/ decortication
 Only stenting

7 (13%)
 3 (6%)
 0
 1 (2%)
 2 (4%)

10 (18%)
 6 (11%)
 3 (6%)
 1 (2%)
 2 (4%)

ns

 Drainage of mediastinitis or empyema not related to leakage  1 (2%)  0

 Splenic bleeding  1 (2%)  0

 Operative control of chylous leakage  0  1 (2%)

 Suspected torsion of gastric tube  0  1 (2%)

 Hiatal herniation  1 (2%)  0

 Tracheo-gastric conduit fistula  0  1 (2%)

 Trachea lesion  1 (2%)  0

 Suspected mesenterial ischemia  0  1 (2%)

OE, Open Esophagectomy. MIE, Minimally Invasive Esophagectomy. Ns, not significant. *, 1 patient in each group was 
managed conservatively for a subclinical anastomosis leakage
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Quality of life
The short-term 6 weeks post-operative quality of life was significantly in favor of the patients who 

underwent MIE. This was the case for the following domains of the SF 36: physical functioning 

(p= 0.013), physical role functioning (p= 0.016), bodily pain (p= 0.013) and vitality (p= 0.018). In 

the EORTC C30 quality of life questionnaire, the following functional and symptom scales were 

significantly better in the MIE group: physical functioning (p= 0.025), symptoms of fatigue (p= 

0.022), pain (p= 0.024), and dyspnea (p= 0.018). For the OES 18 module of the EORTC question-

naire, the following symptom scales were in significantly in favor of the MIE group: pain (p= 0.001) 

and talking (p= 0.025). The general/ global health in the SF-36 and EORTC C30 questionnaires 

were significantly better in the MIE group (general health (p= 0.001) and global health status (p= 

0.029) respectively).

DISCUSSION

This multicenter, randomized trial examined whether minimally invasive esophageal resection in 

prone position for cancer would lead to a lower incidence of post-operative respiratory infections 

as compared to an open transthoracic esophagectomy. In this first randomized trial on minimally 

invasive esophagectomy, this approach was associated with significantly fewer respiratory infec-

tions, a shorter hospital stay and a better short-term quality of life for both physical and mental 

functions as global health score. Furthermore, there were no significant differences in pathologic 

parameters of the resected specimens such as microscopic radicality and lymph node retrieval. In 

addition, less blood loss and a lower incidence of vocal cord paralysis were observed in the MIE 

group at the cost of slightly longer operative time of 30 minutes. The incidence of other complica-

tions, re-operation rate and duration of ICU stay were similar in both groups.

A reduction of respiratory infection within 2 weeks and in-hospital incidence of 22% and 24% 

respectively were observed in favor of MIE in this trial. We infer that the lower incidence of respira-

tory infections in the MIE group could be influenced by several factors.

Use of the prone position during MIE in comparison with the open thoracotomy in lateral 

position could be one of the factors. Overholt et al described the pros and cons of the open prone 

approach in comparison with the lateral thoracotomy in patients undergoing conventional pulmo-

nary resection for cancer: “with the body prone, the mediastinum hangs in its usual midposition 

and the chest and abdomen hang free of compression”.21 A second advantage may be the avoidance 

of a total collapse of the lung during the prone position. The right lung is partially collapsed by 

gravidity and by the used insufflation of maximum 8 mmHg. This may permit an optimal visualiza-

tion of the mediastinum with a better ventilation and oxygenation of the lung whereas in the lateral 

decubitus position the block is complete.22,23 Absence of complete pulmonary block will mean 

less arterio-venous shunt with better preserved hemodynamic function and oxygenation.13 Another 

important factor for the high rate of respiratory infection in OE may be the thoracotomy wound 
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itself. Not only the development of atelectasis as result of the totally collapsed lung but also the 

postoperative discomfort produced by the wound, probably cause the increased rate of respiratory 

infections.22,23,24 All these factors together are important to determine the advantages of the tho-

racoscopy in the prone position in comparison with the standard posterolateral right thoracotomy.

Furthermore, thoracoscopy in prone position may have advantages over the thoracoscopy 

performed in lateral position with complete lung block. Cuschieri et al performed the first MIE in 

prone position in order to further reduce the incidence of respiratory infections observed after MIE 

, established through lateral thoracoscopy.12

In large series of nonrandomized studies, MIE in prone position seems to have a slightly bet-

ter outcome with regard to respiratory infection rate compared to MIE in lateral decubitus (1.5% 

versus 7.7% ).13,14 This difference may again be explained by the partial ventilation of the lung in 

prone position versus the total collapse in the lateral position.25

Importantly, there was no compromise in the quality of the resected specimen. The pathological 

parameters showed the same specimen, with a R0 resection of 90% after OE versus 98% after MIE. 

Moreover, the number of lymph nodes retrieved was not different. An important advantage of the MIE 

is the faster post-operative recovery. A significant difference in hospital stay was observed in favor of 

the MIE group. Luketich et al using the lateral thoracoscopy and Palanivelu et al. the prone position, 

reported both a hospital stay of 7 days.13,14 Our results revealed a longer hospital stay of 11 days. This 

could be caused by the difference in expectations by European patients after this operation26,27

In addition, MIE results in comparison with the standard OE in a better preserved quality of 

life. After 6 weeks, different physical and mental domains of the three quality of life question-

naires were found to be significantly in favor of the MIE group. After OE the quality of life returns 

to normal after one year.28

Future analysis to be held in this study at six months and one year post-operatively will reveal 

whether this recovery rate will be faster than after OE as already had been observed in a previous 

study.29

Concerning the morbidity and re-intervention rate, in half of patients related to anastomotic 

problems, no statistical differences were found between the two groups and this is in agreement 

with literature.30,31 Moreover, there was significantly more vocal cord paralysis observed in the OE 

group. An improved visualization and less traumatic dissection with minimally invasive surgery 

may explain the differences here obtained. It is not likely that neck dissection serves as the cause 

here as this approach had been used in both groups. Furthermore, there was no relationship 

between vocal cord paralysis and respiratory infections in this trial.

In conclusion, this randomized trial comparing open transthoracic esophagectomy for cancer 

with minimally invasive transthoracic esophagectomy shows that MIE results in a lower incidence 

of respiratory infections, a shorter hospital stay and better short-term quality of life without com-

promise of the quality of the resected specimen at the cost of a slightly longer operating time. This 

procedure should be the preferred approach in patients with resectable esophageal cancer with a 

WHO-ECOG condition of ≤2.
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ABSTRACT

Background This study was performed as a substudy analysis of a randomized trial comparing con-

ventional esophagectomy by thoracotomy and laparotomy with minimally invasive esophagectomy 

(MIE) by thoracoscopy and laparoscopy. This additional analysis focuses on the immunological 

changes and surgical stress response in the two randomized groups of a single center.

Methods Patients with a resectable esophageal cancer were randomized to open esophagectomy 

(n=13) or MIE (n=14). All patients received neoadjuvant chemoradiotherapy. The immunological 

response was measured by means of leucocytes count, HLA-DR expression on monocytes; the 

acute phase response by means of C-reactive proteins, interleukin-6 and interleukin-8, and stress 

response by cortisol, growth hormone and prolactin. All parameters were determined at baseline 

(pre-operatively) and 24, 72, 96 and 168 hours post-operatively.

Results Significant differences between the two groups were seen in favor of the MIE group with 

regard to leucocytes count, interleukin-8 and prolactin at 168 hours (1 week) post-operatively. 

HLA-DR expression, interleukin-6, CRP, cortisol and growth hormone did not reach statistical 

significance at any time measurement.

Conclusion In this substudy of a randomized trial comparing the minimally invasive with the 

conventional esophagectomy for cancer, a significant better preserved leucocytes count and IL-8 

were observed, than in the open group. Both values can be related to fewer respiratory infections 

found post-operatively in the MIE group. Moreover stress response was also better preserved in 

the MIE group, expressed by the prolactine values at 168 hours post-operatively. These findings 

indicate that less operative trauma could lead to better preserved acute phase response and fewer 

respiratory infections.
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INTRODUCTION

Studies in the past have shown that trauma, surgery and anesthesia induce a state of immuno-

suppression.1,2 A down regulation of immune response and host defense against tumor cells may 

occur in the peri-operative period. As a consequence patients are more susceptible to infections 

and sepsis.1 The immunological response to surgery has been increasingly studied since the intro-

duction of minimally invasive techniques. Laparoscopic surgery reduces the magnitude of opera-

tive trauma. If alterations of the systemic immune response are proportional to the extent of injury, 

then the response to minimally invasive technique will be reduced when compared with open 

surgery. A key factor in post-operative morbidity is the surgical stress response with subsequent 

increased demand on the patient’s reserves and the immune competence. Increased demands in 

organ functions are thought to be mediated by trauma induced endocrine and metabolic changes. 

The stress response has been studied by different hormones such as cortisol, prolactine and 

growth hormones whereas the acute phase response is represented by many different cytokines. 

Of these cytokines interleukin-6 (IL-6), CRP and interleukin-8 (IL-8) are the most frequent studied 

after surgical trauma3–9 Both cytokines represent different parts of the inflammatory response: 

interleukin-6 is an acute phase hormone inducing synthesis of proteins by the liver, whereas 

interleukin-8 has chemoattractant activity and is able to activate and degranulate neutrophils.10

Immune status, inflammatory response and stress response have been analyzed in different 

studies comparing conventional open surgery to minimally invasive surgery favoring the mini-

mally invasive approach.3–5

For patients with esophageal cancer the only current curative treatment is surgical resection. 

This extensive surgical procedure involves a thoracotomy and laparotomy with gastric tube recon-

struction and esophagogastric anastomosis. A high morbidity rate including respiratory compli-

cations and a long intensive care unit (ICU) and hospital stay are the results of this procedure

In the last years, many surgical techniques have been developed in order to reduce the morbid-

ity rates after esophageal resection. Minimally invasive approaches are likely to be favorable over 

conventional open procedures, as observed in previous studies.11 This study was performed as 

a substudy of a randomized trial (TIME trial) which compares conventional esophagectomy by 

thoracotomy and laparotomy with esophagectomy by thoracoscopy and laparoscopy.12, Different 

parameters of stress response hormones, acute phase response proteins and immunological 

status were studied at different periods after operation in both groups.

METHODS

Study design
Data were collected of patients who had been included in a randomized, multicenter trial com-

paring conventional esophagectomy with minimally invasive esophagectomy (TIME-trial, NTR 
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TC 2452). Details of the trial design have been published elsewhere.12,13 From 2009 to 2010, 29 

consecutive patients who participated in the TIME-trial in the VU university medical center were 

included into this substudy.

Patient selection
Patients were eligible for this trial if they had a histologically proven squamous cell carcinoma, 

adenocarcinoma or undifferentiated carcinoma of the intrathoracic esophagus and gastro-esoph-

ageal junction tumors which were surgically resectable (T1-3, N0-1, M0). Moreover, the eligible 

patients must have had a Eastern Cooperative Oncology Group (ECOG) performance status of 0, 1 

or 2. All patients received neoadjuvant chemoradiotherapy.

Surgical technique
The surgical technique involves a right thoracotomy with lung blockade and laparotomy either 

with a cervical or thoracic anastomosis for the open group. The minimally invasive procedure 

involves a right thoracoscopy in prone position with a single lumen tube and laparoscopy either 

with a cervical or thoracic anastomosis.

Endpoints
Endpoints were: stress response measurements of cortisol, prolactin and growth hormone; 

immune status indicated by the preservation of HLA-DR on monocytes and white blood cell 

count, and acute inflammatory response by means of interleukin-6, interleukin-8 and CRP 

determinations. Measurements were performed pre-operatively and on the 1st, 3rd, 4th and 7th 

post-operative day.

Material and methods
Peripheral blood and serum (BD Vacutainer Systems, Plymouth, UK) were collected pre-opera-

tively (baseline), 24, 72, 96 and 168 hours after surgery. Serum interleukin-6 and interleukin-8 

samples were obtained by centrifugation for 10 min at 3,000 rpm at 4ºC. All samples were sorted 

in aliquots at -80°C until tested.

Immunological response
White blood cell count and phenotype were determined in fresh heparinized venous blood (within 

2 hours after obtaining). Phenotyping was performed by using CD14-PE and HLA-DR-FITC 

moAbs (Becton Dickinson), lysis of erythrocytes, and fixation with paraformaldehyde. Evalu-

ation of monocyte HLA-DR expression was performed by FACS analysis (FACS Calibur, Becton 

Dickinson, San Jose, CA, USA) and quantified by using calibration beads (Quantum TM 26, Flow 

Cytometry Standards Corp, Bangs Laboratories Inc, Fishers, IN) and expressed as ratio of the 

mean fluorescence intensity post/pre surgery.
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Acute Inflammatory response
Concentrations of IL6 and IL8 were measured using commercially available enzyme-linked 

immunosorbent assay kits (PeliKine compact ELISA kit, Sanquin, Amsterdam, The Netherlands). 

CRP was measured in blood serum by immunoturbidimetric method, using the BM/Hitachi 705 

(Boeingher, Mannheim, Germany).

Stress response
Cortisol and growth hormone concentrations were measured by competitive immunoassay (Bayer 

Diagnostics, Mijdercht, The Netherlands). Prolactin was measured by immunometric assays 

(DPC, Los Angeles, USA).

Statistical analysis
Statistical analysis was performed using the SPSS software package 15 (SPSS Inc., Chicago, IL, 

USA). The results for the two different groups were compared by Mann-Whitney U-test. Categori-

cal parameters were analyzed with Fisher’s exact test. Significance was set at p<0.05.

RESUlTS

A total of 27 patients were included for this substudy of the TIME trial, 14 patients in the minimally 

invasive group and 13 patients in the open group.

Clinical characteristics
Demographic parameters, surgical data and pathological tumor indices are shown in table 1. No 

significant differences were observed in gender, age, tumor location and operation time. There 

Table 1. Patient characteristics

Open esophagectomy
(n = 13)

MIE
(n = 14)

P

Age (years) 62 (52-74) 65 (56-75) ns

Gender 
 Male
 Female

12
1

10
4

ns
ns

BMI (kg/m2) 23 (21-33) 24 (16-33) ns

Type carcinoma
 Adenocarcinoma
 Squamous cell carcinoma

11
2

13
1

ns

No. of lymph nodes retrieved 19 (7-40) 19 (3-30) ns

Operation time (minutes) 266 (228-337) 309 (247-430) ns

Blood loss (ml) 450 (100-1200) 275 (200-950) 0.045

MIE, Minimally Invasive Esophagectomy. Continous variables are expressed as median (range). Ns, not significant. BMI, 
Body Mass Index.
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was significant less blood loss in the MIE group (450 vs 275 ml, p<0.05). General outcome and 

post-operative morbidity are depicted in table 2.

Immunological response
At baseline white blood cell count was comparable for both groups. At 24, 72 and 96 hours after sur-

gery there were no significant differences between the open en and minimally invasive group. How-

ever, at 168 hours (1 week) after surgery there was a significant difference in white blood cell count 

due to an increase in the open group whereas the minimally invasive group was further decreasing 

nearly back to baseline (Figure 1). The expression of HLA-DR on monocytes showed a decrease of 

60 percent or more in both groups at all measured moments (P<0.05). This was lowest for the open 

group at 72 hours after surgery (23.8%), although no statistically significance was reached.

Acute inflammatory response
Interleukin-6, interleukin-8 and CRP levels were comparable at baseline. No significant differences 

were observed between the groups with regard to interleukin-6 levels and CRP levels. However at 

168 hours after surgery the interleukin-8 level in the open group was significantly higher than in 

the minimally invasive group (P=0.047)(Figure 2). Both interleukin-6 and interleukin-8 show an 

increase at 24 hrs compared to baseline measurements (Figure 2 and Figure 3). CRP levels peak at 

72 hours after surgery for both groups (Figure 4).

Stress response
Cortisol, prolactin and growth hormone were comparable at baseline for both groups. Cortisol 

levels and growth hormone levels showed no significant differences, but at 168 hours (1 week) 

after surgery the prolactin level increases in the open group being significant in comparison with 

the minimal invasive group (Figure 5).

Table 2. General outcome and Morbidity

Open esophagectomy
(n = 13)

MIE
(n = 14)

P

Total ICU stay (days) 1 (1-16) 1 (1-15) ns

Hospital stay (days)† 18 (9-33) 15 (7-56) ns

Mortality 0 1 ns

Pneumonia 7 3 ns

Anastomotic leakage 1 3 ns

Empyema not related to anastomotic 
leakage

1 0 ns

Pulmonary embolism 0 1 ns

Vocal cord palsy 2 1 ns

MIE, Minimally Invasive Esophagectomy. ICU, Intensive Care Unit. Continous variables are expressed as median (range). Ns, 
not significant. †, the patient who died in the hospital was included for calculation of the hospital stay.
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Figure 1. Leucocyte levelsFigure 1. Leucocyte levels 
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Figure 2. Interleukin 8 levels 
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Figure 3. Interleukin 6 levelsFigure 3. Interleukin 6 levels 
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Figure 4. C‐Reactive Protein levels 
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DISCUSSION

Immunological reaction after surgery is described in the past and may contribute to infectious 

complications, sepsis and tumor growth.1,2 Minimally invasive surgery has shown to better pre-

serve immunological function than conventional open surgery in different surgical procedures 

including cholecystectomy, Nissen fundoplication and laparoscopic colorectal surgery.3–5 In 

esophageal surgery for cancer, Scheepers et al. described the immunological consequences of 

laparoscopic versus open transhiatal resection for malignancies of the esophagus.8 This non-

randomized study compared 6 patients in the laparoscopic group with 11 patients in the open 

group. They found an increase of all markers with significant higher levels of IL-6 for the open 

group, suggesting that the surgical trauma in the minimally invasive group is less extending. This 

increase of IL-6, expression of the amount of trauma and predictor for post-operative complica-

tions, is also seen in this study. A peak is observed at 24 hours after surgery as in other studies.3,6,8 

Moreover no significant differences were found in IL-6 and CRP levels between the open and 

minimally invasive group. A possible explanation is that the amount of trauma is so important 

in both groups of esophagectomy that differences, measured by these two acute phase proteins, 

could not be demonstrated.

Interleukin-8 is thought to play an important role in the development of pneumonia.7,10,14,15 

One week after surgery, a significant increase of interleukin-8 was found in the open group, as 

well an increase of white blood cell count. Fujimori et al. investigated the role of interleukin-8 

in interstitial pneumonia and they found that an increased level is associated with fibrosis and 

Figure 5. Prolactin levels 
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injury of the lung.14 There was a trend to a higher incidence of pneumonia in the open group, 7 

versus 3 patients (not significant), and IL-8 could therefore play an important role. Yamada et al. 

evaluated the serum IL-6 and IL-8 in patients undergoing conventional thoracic surgery.7 They 

found a significant increase of IL-8 levels until the seventh post-operative day. The authors suggest 

that this increase may reflect the severe surgical stress due to reperfusion of ischemic lung tissues 

as a result of one lung ventilation during thoracotomy. In our study we did not find the differences 

between the two groups in the early post-operative period, but only at 7 days after surgery. Assum-

ing that a more severe surgical stress is related to one lung ventilation, we would expect better 

results for the minimally invasive group since these patients were operated in the prone position 

with partial ventilation of the ipsilateral lung. 16 Since this increase in IL-8 has been identified dur-

ing and after surgery, the possibility has risen to block this increase intra-operatively to minimize 

respiratory infections after esophagectomy.7,9 Kawahara et al. introduced the administration of a 

neutrophil elastase inhibitor in patients undergoing esophageal resection by thoracoscopy.9 They 

showed that this inhibitor seems to partially suppress the post-operative increase and shorten the 

duration of systemic inflammatory response in a randomized trial. As a result acute lung injury 

and respiratory infections could be prevented.

Prolactin, cortisol and growth hormone levels seem to be less intense and shorter of duration 

after laparoscopic surgery in gyneacologic pelvic surgery.17 An increase in open surgery could be 

due to administration of anesthetic drugs such as phentanyl and morfine. All patients in our study 

received epidural anesthesia for at least for 3 days. At 168 hours (1 week) after surgery significant 

difference were observed in prolactin levels between the two groups that might be due to the use 

of analgesics. At one week after surgery the use of morphine was increased in the open group (11 

versus 5 patients). The increased prolactin levels observed in the open group after 1 week could 

therefore be due to both the contribution of an increased stress response and post-operative pain 

indicated by the increased use of analgesics.

In conclusion, in this substudy of a randomized trial comparing the minimally invasive with 

the conventional esophagectomy for cancer, a significant better preserved leucocytes count and 

IL-8 were observed in the MIE group, than in the open group. Both values can be related to fewer 

respiratory infections found post-operatively in the MIE group. Moreover stress response was also 

better preserved in the MIE group, expressed by the prolactine values at 168 hours (1 week) post-

operatively. These findings indicate that less operative trauma could lead to better preserved acute 

phase response and fewer respiratory infections.
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ABSTRACT

Background Minimally invasive esophagectomy is associated with a better short-term post-

operative outcome. However, this has not been investigated for minimally invasive Ivor Lewis 

esophagectomy alone.

Methods A sub analysis of patients who participated in a randomized trial (TIME-trial) compar-

ing open esophagectomy with minimally invasive esophagectomy with a cervical or thoracic 

anastomosis. Only the patients with an intrathoracic anastomosis were analyzed in this present 

study in order to compare outcomes between patients who underwent a minimally invasive (MI) 

Ivor Lewis esophagectomy in prone position with patients who underwent an open Ivor Lewis 

esophagectomy.

Results Of the 22 patients operated on in one of the participating centers, 11 patients underwent 

an open Ivor Lewis esophagectomy and 11 a MI Ivor Lewis esophagectomy. There were no sig-

nificant differences between the groups with regard to baseline characteristics and pathological 

characteristics. A significant longer operation time was observed in the MI Ivor Lewis group (265 

vs. 329 min, p=0.011). A trend to a shorter hospital stay was observed in favor of the MI Ivor Lewis 

group (15 vs. 11 days). A trend to more respiratory complications was observed in the open group 

compared to the MI group (4 (36%) vs. 1 (9%)).

Conclusion Minimally invasive Ivor Lewis esophagectomy in prone position is feasible with a trend 

of fewer respiratory complications and a shorter hospital stay. Larger randomized comparisons 

are however needed to substantiate these results.
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INTRODUCTION

In 1946, Ivor Lewis introduced a standardized approach to esophageal resection for carcinoma of 

the middle third of the esophagus.1 This approach involved a two-stage procedure that included a 

laparotomy and 1 to 2 weeks later, a thoracotomy with thoracic anastomosis. Risks of anastomotic 

leakage in the thorax with fatal consequences resulted in a three-stage approach with a cervical 

anastomosis.2 In case of a leakage, a cervical fistula is a manageable complication.3 Nowadays, 

both thoracic anastomosis and cervical anastomosis are used worldwide for gastric tube recon-

struction after esophagectomy. Advocates of the cervical anastomosis favor this location despite 

the possible increased incidence of leakage, benign stricture formation, and damage to recurrent 

laryngeal nerve because of better tumor eradication and reduced mortality and morbidity associ-

ated with anastomotic breakdown. In a recent meta-analysis, cervical anastomosis was associated 

with a higher leakage rate and a higher incidence of recurrent nerve trauma.4 However, the available 

randomized evidence in literature was limited. This transthoracic procedure is associated with a 

high morbidity and mortality rate of approximately 50–70% and 5% respectively.5 Moreover, the 

extensive nature of this open approach has a significantly negative impact on the quality of life of 

these patients and is associated with long in-hospital recovery.

Minimally invasive esophageal (MIE) resection for cancer avoiding the thoracotomy and lapa-

rotomy can reduce the amount of trauma of the required surgery with the same oncological value. 

This could imply a reduction of the post-operative morbidity and shortening of the recovery time.6 

MIE involves a right thoracoscopy and laparoscopy, either with a cervical or intrathoracic anas-

tomosis. The thoracic phase of this procedure can be performed through a lateral right thoracic 

approach with a right lung block by selective intubation or in prone position without selective 

lung block. This prone approach, with partial lung collapse, will result in lower percentage of 

pulmonary complications.7,8 The combination of minimally invasive esophagectomy in prone 

position with a thoracic anastomosis could therefore be associated with an improved outcome. To 

date, only one case report published in threefold described this approach for one patient.9–11 The 

present study concerns a sub analysis of patients who participated in a randomized trial (TIME-

trial) comparing open esophagectomy with minimally invasive esophagectomy with a cervical or 

thoracic anastomosis.12,13 Only the patients with a thoracic anastomosis were analyzed in this 

present study in order to compare outcome between patients who underwent a minimally invasive 

(MI) Ivor Lewis esophagectomy in prone position with patients who underwent an open Ivor Lewis 

esophagectomy.
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METHODS

Patient selection
From 2009 through 2010, patients who underwent an open or a minimally invasive Ivor Lewis 

esophagectomy in prone position for esophageal cancer and participated in the TIME-trial at the 

VU university medical center were analyzed. Patients could undergo an open or MI Ivor Lewis in 

prone position if they had a histologically proven squamous cell carcinoma, adenocarcinoma or 

undifferentiated carcinoma of the distal esophagus and gastro-esophageal (GE) junction which 

were surgically resectable (T1-3, N0-1, M0) and if the tumor was located below the level of the 

carina. The definitive operative approach was designated after informed consent (in consultation 

of both patient and surgeon) at the outpatient clinic. All patients were treated with neoadjuvant 

therapy. The age of the patients was set at ≥ 18 and ≤ 75 years. Moreover, the eligible patients 

required a Eastern Cooperative Oncology Group (ECOG) performance status of 0, 1 or 2. Details 

of the TIME-trial are described in previous publications.12.13

Operative technique

Minimally invasive Ivor Lewis esophagectomy in prone position

After induction of general anaesthesia, standard intra-tracheal intubation followed with the 

patient in supine position. A Fogarty balloon catheter was placed under bronchoscopy in the right 

primary bronchus and inflated only during the anastomosis phase.

After introduction of the trocars for the laparoscopy, as depicted in Figure 1, the operation 

started with mobilization of the stomach with preservation of the gastroepiploic vessels. An 

extensive lymphadenectomy of the celiac trunk was performed. The gastric tube was created 

laparoscopically by means of endostaplers tm (Covidien). A bridge of tissue between the gastric 

Figure 1. Placement of the trocars during the abdominal phaseFigure 1. Placement of the trocars during the abdominal phase 

 
 
 
 
 
 
 
 
 
Figure 2. Tissue bridge of gastric tube 
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tube and specimen was left for retrieval of the specimen into the thoracic cavity (Figure 2). The last 

part of the laparoscopic approach commenced with the dissection of the hiatal area in which the 

hiatus was enlarged anteriorly. A jejunostomy catheter was placed for feeding.

The patient was then positioned in prone decubitus position on a standard apparatus in order 

to maintain the thorax and abdomen free, supporting the head, shoulders, and pelvis. Position of 

the arms was very important in order to get abduction of the scapula. The arms were positioned on 

a support device with flexion of the shoulders and elbows (Figure 3). In this way, the area between 

the spine and the inner edge of the scapula was broadened. The surgeon stood on the right side 

of patient with the first assistant on his/her right side viewing the monitor in front of them. The 

scrub nurse stood on the left side of the surgeon.

Four trocars were placed along the inner edge of the right scapula (Figure 4): the first at the 

level of the lowest point of the scapula, a 10 mm, (can be 5 mm) for the thoracoscope; the second, 

at the level of 4th intercostal space, 5 mm; the third, at the level of 8th intercostal space, 12 mm; 

the last, at the level of 2nd as work trocar for the assistant (suction, lung retraction etc). The first 

trocar was introduced open in the thoracic cavity, after control by finger palpation that the space 

was free of adhesions. After introduction of the first trocar, a positive insufflation of 8 mm Hg was 

initiated in order to retract the right lung enough for an adequate visualization of the posterior 

mediastinum. A camera was used with a 30-degree viewing angle.

Inspection of the pleural cavity, for metastases and the tumor was performed in order to confirm 

that resection was possible. Dissection started by cutting the pulmonary ligament, following the 

cutting line along the long in direction to the hilus. The pulmonary vein, right bronchus and carina 

were dissected free, performing a peri-esophageal and carinal lymphadenectomy. Posteriorly, the 

Figure 2. Tissue bridge of gastric tube (for color figure, see color section, page 184)

Figure 1. Placement of the trocars during the abdominal phase 

 
 
 
 
 
 
 
 
 
Figure 2. Tissue bridge of gastric tube 
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mediastinal pleura was cut longitudinally along the azygos vein up to the azygos arch. In this way, 

a broad piece of pleura was resected with the esophagus.

Figure 3. Prone position

 
 
Figure 3. Prone position 

 
 
 
 

 
 
 

Figure 4. Placement of the trocars for right thoracoscopy with the patient in prone position.  

 
Note the edge of the scapula. 
 
Figure 5. Division of azygos vein 

Figure 4. Placement of the trocars for right thoracoscopy with the patient in prone position. 
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Figure 4. Placement of the trocars for right thoracoscopy with the patient in prone position.  

 
Note the edge of the scapula. 
 
Figure 5. Division of azygos vein 

Note the edge of the scapula. 
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Along the plane of the descending aorta, the esophagus with peri-esophageal tissues was 

dissected free. The thoracic duct was dissected and clipped at the hiatul level. Furthermore, the 

azygos vein was divided with a vascular endo-stapler (Figure 5).

Dissection proceeded with extensive lymphadenectomy of the right bronchus, carina and left 

bronchus lymph nodes (LN). Lymphadenectomy was not picking LN but ‘en bloc’: i.e. the LN 

remains attached to the specimen (Figure 6).

Figure 5. Division of azygos vein (for color figure, see color section, page 184)

Figure 6. Lymphadenectomy of the carina (for color figure, see color section, page 185)
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Dissection continued between esophagus and trachea (pars membranacea) in proximal direc-

tion, to stop 3 cm from the apex of the thoracic cavity, leaving a small cuff of pleura.

The esophagus at the level of the azygos arch was divided. The right lung was collapsed with a 

Fogarty balloon introduced in the right bronchus. A mini-thoracotomy (5 cm) was performed at 

the level of the scapula point and the ribs spread with a small Finochietto with a pediatric Fino-

chieto (Figure 7).

Figure 8. Fixation of anvil with a purse-string suture (for color figure, see color section, page 186)

Figure 7. Mini-thoracotomy with a pediatric Finochieto (for color figure, see color section, page 185)
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The anvil of the circular anastomotic stapler was introduced in the proximal esophagus and 

was tightened with a purse-string suture (Figure 8). The specimen was pulled into the thorax and 

exteriorized and resected extra-corporeally after protection of the mini-thoractomy with a wound 

protector. The stapler device was introduced in the lumen of the gastric tube and anastomosis 

was performed in an end-to-side fashion. The lateral loop of the gastric tube is resected with an 

endostapler. A tissue layer is stitched over the staple line of the gastric tube(Figure 9)

The anastomosis was tested with methylene blue through the nasogastric tube. The thoracic 

cavity was drained and the mini-thoracotomy wound was closed.

Open Ivor Lewis esophagectomy

The open procedure was performed similarly with the MI Ivor Lewis esophagectomy. However, 

the first phase commenced with an upper abdominal laparotomy involving the patient in supine 

position. The gastric tube was created during the abdominal phase. The second phase (thoracic) 

was performed with the patient in a left decubitus position with a double lumen endotracheal 

intubation. A right posterolateral thoracotomy was performed. The right lung was blocked during 

the entire thoracic phase. The anastomosis was also made high in the thorax, at the level of the 

azygos vein.

Post-operative regimen
Patients in both groups received similar post-operative treatment. After surgery all patients were 

admitted intubated to the intensive care unit (ICU). After stabilization and detubation, the patient 

was, if indicated, admitted to the general surgical ward or to the medium care unit (MCU). In the 

first days after surgery analgesics were administered by the epidural route. In the event of epidural 

Figure 9. A tissue layer is stitched over the staples of the gastric tube (for color figure, see color section, page 186)
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failure, post-operative pain was treated intravenously by a ‘patient-controlled analgesia’ (PCA); 

when necessary through a pump with morphine. Patients had a nasogastric tube in-situ for at least 

5 days as some gastric conduit distension could be expected. All patients received post-operative 

physiotherapy with breathing-exercises the day after surgery. To regain early mobilization, starting 

day 1 patients were encouraged to sit out of bed on the general surgical ward. Enteral feeding was 

commenced day 1 after operation through the jejunostomy and increased to optimal feeding at day 

3. At day 5, after gastrographine swallow X ray, the nasogastric tube was retired and started with liq-

uids. Normal diet could be progressively resumed while jejunostomy feeding was decreased. Patients 

were discharged when they are able to eat normal food, could walk, and were comfortable with oral 

analgesia. Completion of the feeding over the jejunostomy could be continued after discharge.

Statistical analysis
Data are expressed as means with standard deviation if the distribution is normal for continuous 

variables. Otherwise, median scores with ranges are used. Where appropriate Mann Whitney U 

test and the Student t are used for analysis. Because of the small sample size, the Fisher’s exact test 

is used for categorical variables. Data analysis is performed in accordance with the intention-to-

treat principle. All data is analyzed in SPSS software version 18.

Table 1. Baseline characteristics

Open Ivor Lewis 
esophagectomy (n= 11)

Minimally invasive Ivor Lewis 
esophagectomy (n= 11)

P

Gender
 Male
 Female

9
2

8
3

ns

Age^ (years) 61 (52-66) 64 (56-74) ns

BMI^ 23 (21-33) 24 (19-33) ns

ASA-classification
 1
 2
 3

3
6
2

1
9
1

ns

Type carcinoma 
 Adenocarcinoma
 Squamous cell  carcinoma

10
1

10
1

ns

Location of tumor¶

 Lower third/ junction 11 11
ns

Neoadjuvant therapy
 Chemoradiotherapy
 Chemotherapy alone

9
2

9
2

ns

Ns, not significant. ^, skewed distribution, median (range), Mann Whitney U test applied. BMI, Body Mass Index. 
ASA, American Association of Anesthesiologist classification system. ¶, American Joint Committee on Cancer (AJCC) site 
classification of thoracic and abdominal esophagus.
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RESUlTS

Of the 22 patients, 11 patients underwent an open Ivor Lewis esophagectomy and 11 a MI Ivor 

Lewis esophagectomy. Between the groups there were no significant differences with regard to 

baseline characteristics and pathological characteristics (Tables 1 and 2). The median number of 

lymph node resected was 21 in the open group and 17 in the MI group. This was not statistically 

different.

general outcome
A significantly longer operation time was observed in the MI Ivor Lewis group (265 vs. 329 min, 

p=0.011) (Table 3). There were no significant differences with regard to blood loss, ICU, and 

hospital stay. However, a trend to a shorter hospital stay can be observed in favor of the MI Ivor 

Lewis group (15 vs. 11 days). One MI Ivor Lewis procedure was converted to thoractomy in lateral 

decubitus due to poor visualization during thoracoscopy as caused by adhesions and another due 

to an insufficient anastomosis.

Morbidity
Table 4 depicts the post-operative morbidity. A trend to more pulmonary complications was 

observed in the open group compared to the MI group (4 vs. 1). There was no significant difference 

in mortality between the groups. The only death occurred after an anastomotic leakage in the MI 

Table 2. Pathological characteristics

Open Ivor Lewis 
esophagectomy (n= 11)

Minimally invasive Ivor Lewis 
esophagectomy (n= 11)

P

Type carcinoma 
 Adenocarcinoma
 Squamous cell carcinoma
 Other
 No residual tumor present

9
0

0
2

8
1

1
1

ns

Total LN resected ^ 21 (7-40) 17 (6-27) ns

Resection margin
 R0
 R1

9
2

10
1

ns

Stage~

 0
 I
 IIa
 IIb
 III
 IV
 No residual tumor/no LN metastasis

0
1
4
3
1
1
1

1
0
4
3
1
1
1

ns

Ns, not significant. ^, skewed distribution, median (range), Mann Whitney U test applied. LN, Lymph Node. ~, Staging 
based on the AJCC 6th Edition.
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group. Two patients in the open group underwent a re-operation: one for drainage of an empyema 

and another for anastomotic leakage. In the MI group, 2 patients also underwent a re-operation: one 

for suspected torsion of the gastric tube and another for drainage of a mediastinitis after leakage.

DISCUSSION

This substudy of patients with a thoracic anastomosis who participated in the TIME-trial showed 

that minimally invasive Ivor Lewis esophagectomy in prone position is feasible and has the same 

oncological results as the open Ivor Lewis esophagectomy. Except for the operating time, there were 

no significant differences between open and MI Ivor Lewis esophagectomy. A trend to a lower inci-

dence of pneumonia, thereby resulting in a shorter hospital stay is observed in favor of the MI group.

MIE can reduce the post-operative morbidity, in particular the respiratory complications that 

are most encountered. This has been proven in the only randomized trial comparing open with 

minimally invasive esophagectomy. A significantly lower incidence of respiratory infections, less 

post-operative pain, shorter hospital stay were observed in favor of MIE.13 In addition, different 

landmark studies have reported significantly fewer respiratory complications using the minimally 

invasive transthoracic approach with a cervical anastomosis. Palanivelu et al. report in their mini-

mally invasive series of 130 patients in prone-position regarding 1.5% pulmonary complications; 

Table 4. Morbidity and mortality

Open Ivor Lewis 
esophagectomy (n= 11)

Minimally invasive Ivor 
Lewis esophagectomy 
(n= 11)

P

Pneumonia 4 (36%) 1 (9%) ns

Anastomotic leakage 1 (9%) 2 (18%) ns

Empyema without anastomotic leak 1 (9%) 0 ns

Pulmonary embolism 0 1 (9%) ns

Death
In-hospital mortality 0 1 (9%) ns

Ns, not significant. Morbidity is reported per patient.

Table 3. General outcome

Open Ivor Lewis 
esophagectomy (n= 11)

Minimally invasive Ivor Lewis 
esophagectomy (n= 11)

P

Operative time (min) ^ 265 (228-337) 329 (254-559) 0.011

Blood loss (mL)^ 450 (200-1200) 300 (200-800) ns

Conversions¶ N/A 2 (18%)

ICU stay (days) ^ 1 (1-23) 1 (1-10) ns

Hospital stay (days) ^ 15 (9-44) 11 (7-52) ns

Ns, not significant. ^, skewed distribution, median (range), Mann Whitney U test applied.
¶, In 1 patient due to pleural adhesions, in another patient due to inadequate anastomosis. N/A, not applicable.
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whereas Luketich et al. report in their series of 222 patients in left lateral decubitus MIE regarding 

7.7% pulmonary complications.8,14 In contrast, Hulscher et al. observed 57% pulmonary compli-

cations in patients undergoing the open three-stage transthoracic esophagectomy with a cervical 

anastomosis.5 The MI Ivor Lewis esophagectomy in prone group in our study had a trend to a 

lower incidence of pneumonia. Nguyen et al. reported 51 patients undergoing a MI Ivor Lewis 

esophagectomy in lateral decubitus with a thoracic anastomosis who as groups were compared 

with 47 patients with a MI esophagectomy with a cervical anastomosis.15 No significant differ-

ences in morbidity was seen. Pulmonary complications however were not specified for the MI Ivor 

Lewis group. Walther et al. reported in their randomized trial comparing cervical with thoracic 

anastomosis, including 42 patients who underwent an open Ivor Lewis esophagectomy.16 They 

reported respiratory complications in 10%. This was comparable with those patients undergoing 

a cervical anastomosis. A possible factor in an improved pulmonary outcome in MI Ivor Lewis 

esophagectomy could be the fact that during the open lateral right thoracic approach, a selective 

intubation is needed in order to block the right lung. Contrarily, in the MI Ivor Lewis in prone 

position there is no need for selective lung block. The right lung is only shortly collapsed during 

anastomosis. The concept of prone position is actually decades old. Overholt et al. already in 1946 

described the pros and cons of this approach.17 The chest and abdomen hang free of compression, 

whereas in the lateral decubitus the patient’s own weight restricts expansion of the dependent and 

normal side. In the lateral position with the thorax open, the mediastinum drops somewhat down, 

thereby compressing to some degree the dependent contra-lateral lung. With the body prone, the 

mediastinum hangs in its usual mid position. The normal lung is allowed full range of expansion. 

Furthermore, should serious hemorrhage occur, the blood does not well up and obscure the field 

as it may in the lateral decubitus. This prone approach, with partial lung collapse during intratho-

racic anastomosis, could therefore result in a lower percentage of pulmonary complications, and 

aided by the less surgical trauma of the minimally invasive approach.

The median length of ICU stay was 1 day in the series of Palanivelu (MI esophagectomy in prone 

with a cervical anastomosis) and Luketich (MI esophagectomy in lateral decubitus with a cervical 

anastomosis) whereas in the open cervical series of Hulscher the ICU stay was 6 days.5,8,14 The 

median length of hospital stay was 7 to 8 days for the first two series compared to 19 days for the 

open series of Hulscher. Walther and Nguyen reported in their open and MI Ivor Lewis series a 

median length of hospital stay of 14 and 8 days respectively.15,16 Similarly, in this series a median 

length of hospital stay was observed of 15 and 10 days for the open and MI group, respectively.

This study has several limitations. The TIME-trial was not equipped for comparing the 

outcomes between open and minimally invasive Ivor Lewis esophagectomy. Therefore, patient 

selection could be of influence in outcome. Furthermore, the small sample size in this study 

makes definitive conclusions difficult. Conceivably, studying the trends of this study in a larger 

patient population could gain better statistical significance. Care should be taken to examine the 

oncologic outcome, e.g. total resected lymph nodes. Long-term evaluation with survival analysis 

of this group of patients will be published in the future.
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In conclusion, minimally invasive Ivor Lewis esophagectomy in prone position is feasible with 

a trend of fewer pulmonary complications and faster post-operative recovery. Larger series and 

randomized comparisons are however needed to substantiate these results.
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ABSTRACT

Background Cervical anastomosis and intrathoracic anastomosis are used for gastric tube recon-

struction after an esophagectomy for cancer. The differences in outcome in either level of anasto-

mosis could be helpful in designating which anastomosis level should be used.

Methods A prospective cohort participating in a large randomized trial was analyzed in order to 

compare anastomotic outcome after cervical and intrathoracic anastomosis. Anastomotic leakage 

rate, recurrent nerve palsy and 6 weeks post-operative quality of life were assessed for short-term 

outcome. Patients were randomized to an open transthoracic or minimally invasive esophagec-

tomy in prone position. An intrathoracic anastomosis could be made if the tumor was located 

below the level of the carina.

Results Eighteen patients had a cervical anastomosis and 22 a thoracic anastomosis. As expected, 

there were significant more patients in the cervical group with a higher tumor location as compared 

to the thoracic group (12 vs. 0, p=0.006). Other baseline and pathological parameters were similar 

between the groups (e.g. resection margin). A significant longer operating time was observed 

in the patients with an intrathoracic anastomosis than cervical anastomosis (297 (195–410) min 

vs. 306 (228–559) min, p=0.011). A significant higher incidence of recurrent nerve trauma was 

observed in cervical anastomosis group (5 (28%) vs. 0, p= 0.013). No significant difference with 

regard to anastomotic leakage rate was observed between the groups. Patients in the cervical 

group experienced significantly more difficulties in talking in the EORTC OES 18 quality of life 

questionnaire (p=0.007).

Conclusion Patients with a cervical anastomosis after esophagectomy for cancer have a significantly 

higher incidence of recurrent nerve injury and experience more difficulties in talking as compared 

to patients with an intrathoracic anastomosis in this cohort. These short-term outcomes should 

be taken into account when deciding the level of anastomosis for distal or GE junction tumors.
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INTRODUCTION

Worldwide, both thoracic anastomosis and cervical anastomosis are used for gastric tube recon-

struction after esophagectomy. Advocates of the cervical anastomosis favor this location despite 

the possible increased incidence of leakage, benign stricture formation and damage to recurrent 

laryngeal nerve, because of supposed better tumor eradication and reduced mortality and morbid-

ity associated with anastomotic breakdown. Several randomized controlled trials have already 

compared cervical anastomosis with thoracic anastomosis.1–4 A recent systematic review and 

meta-analysis concluded that cervical anastomosis could be associated with a higher leakage rate 

and recurrent nerve trauma.5 However, the current available evidence is still limited. Some surgical 

groups use a cervical anastomosis rather than a intrathoracic anastomosis for distal or gastro-

esophageal (GE) junction tumors. The differences in outcome in either level of anastomosis could 

be of importance in designating which anastomosis level should be used.

This present study was conducted in order to analyze the rate of anastomotic leakage, recurrent 

nerve palsy and short-term quality of life after a cervical or intrathoracic anastomosis at a single 

center. A prospective cohort participating in a large randomized trial comparing open esophagec-

tomy with minimally invasive esophagectomy was therefore analyzed.6,7

METHODS

Patient selection
Patients participating in a multicenter randomized trial comparing open transthoracic esopha-

gectomy with minimally invasive esophagectomy (MIE) at the VU university medical center were 

analyzed. Patients were eligible for this trial if they had a histologically proven squamous cell 

carcinoma, adenocarcinoma or undifferentiated carcinoma of the intrathoracic esophagus and 

gastro-esophageal (GE) junction that were surgically resectable (T1-3, N0-1, M0). Moreover, the 

eligible patients possessed an Eastern Clinical Oncology Group (ECOG) performance status of 0, 

1 or 2. Patients with a tumor located below the level of the carina could undergo an esophagectomy 

(either open or MIE) with an intrathoracic anastomosis. Patients who had a tumor proximal or at 

the level of the carina underwent an esophagectomy with a cervical anastomosis. Details of this 

randomized trial have been published elsewhere.6,7

Surgical technique

Transthoracic esophagectomy with a cervical anastomosis

In both the open approach and the minimally invasive approach, a three-stage procedure is fol-

lowed. In the open approach, after selective intubation to block the right lung, the patient is placed 
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in a left lateral decubitus position. In the minimally invasive approach there is no need for selective 

intubation and the patients are placed in a prone position.

The first stage of the procedure commences with a right posterolateral thoracotomy or right 

thoracoscopy. The esophagus and its overlying mediastinal pleura is mobilized with mediastinal 

and carinal lymphadenectomy. For the second stage, the patient is turned to a supine position. 

Through a supra-umbilical laparotomy or laparoscopy the stomach is mobilized with special care 

of the gastro-epiploic vessels and a lymphadenectomy of the celiac trunk is performed. The dissec-

tion finalizes at the hiatus with anterior extension and careful dissection of the gastro-esophageal 

junction along the planes. For the last stage, a cervical incision is made and the esophagus is 

dissected free. Retrieval of the specimen through the laparotomy or mini-laparotomy (in the MIE 

approach) wound is performed and a gastric conduit created. No pyloroplasty is performed. A 

jejunostomy catheter is placed for feeding purposes. A gastric tube-esophageal anastomosis is 

then established in an end-to-side fashion.

Transthoracic esophagectomy with an intrathoracic anastomosis

The positioning and anesthesia in patients undergoing a thoracic anastomosis is similar to that 

of the cervical approach. However, patients undergoing a MIE with a thoracic anastomosis had a 

Fogarty balloon catheter placed under bronchoscopic view in the right primary bronchus, which 

was inflated only during the anastomosis phase.

The first phase of the procedure commences with an abdominal approach (either laparotomy 

or laparoscopy) involving the patient in supine position. Dissection is similar to the cervical 

approach. In the MIE approach, the creation of the gastric tube is performed laparoscopically. The 

second phase (thoracic) was performed with the patient in a left decubitus position in the open 

approach or in prone position in MIE approach. Radical esophagectomy is performed along the 

pericard sac, pulmonal veins, right bronchus, aorta resecting the esophagus with the mediastinal 

pleura and lymphadenectomy (peri-esophageal, lower posterior mediastinal, carina and right 

paratracheal). The retrieval of the specimen will be achieved through the thoracotomy wound. In 

the minimally invasive approach, a purse string is placed at the proximal esophagus. A posterior 

mini-thoracotomy (6 cm) is then performed, the lung is blocked, and a 25 circular stapler anvil 

is placed in the proximal esophagus. The specimen is to be retrieved, resected and through it the 

circular stapler is placed and an end-to-side anastomosis done. The rest of the loop is resected by 

an endoscopic stapler and the thoracic cavity drained. In both the open approach and the MIE, the 

anastomosis is made high in the thorax, proximal at the level of the divided vena azygos.

Post-operative regimen
Patients in both groups received similar post-operative treatment. After surgery, all patients were 

admitted intubated to the intensive care unit (ICU). After stabilization and detubation, a patient 

could, if indicated, be admitted to the general surgical ward or to the medium care unit (MCU). 

In the first days after surgery, analgesics were administered by the epidural route. In the event of 
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epidural failure, post-operative pain was treated intravenously by a ‘patient controlled analgesia’ 

(PCA); when necessary through a pump with morphine. Patients had a nasogastric tube in-situ for 

at least 5 days as some gastric conduit distension was expected. The day after surgery, all patients 

received post-operative physiotherapy with breathing-exercises. To regain early mobilization, 

starting day 1, patients were encouraged to sit out of bed in the general surgical ward. Enteral 

feeding was commenced day 1 after the operation through the jejunostomy and increased to 

optimal feeding at day 3. At day 5, after a gastrographine swallow X ray, the nasogastric tube was 

retired and the patient started with liquids. Normal diet could be progressively resumed while 

jejunostomy feeding was decreased. Patients were discharged when they are able to eat normal 

food, could walk, and were comfortable with oral analgesia. Completion of the feeding over the 

jejunostomy could be continued after discharge.

Anastomosis outcome
Anastomotic leakage was evaluated. Both clinical and subclinical leakage was analyzed. In addi-

tion, recurrent nerve palsy was compared between the groups. This was confirmed by laryngos-

copy. The short-term 6 weeks psot-operatively quality of life was assessed with the Short Form 36 

(SF-36), EORTC C30 questionnaires and OES 18 module.

Statistical analysis
Data are expressed as means with standard deviation if the distribution is normal for continuous 

variables. Otherwise median scores with ranges are used. Where appropriate Mann Whitney U test 

and the Student t are used for analysis. Because of the small sample size, the Fisher’s exact test is used 

for categorical variables. The quality of life questionnaires were compared using a covariance analysis 

(pre-operative scores as co-variables). All data has been analyzed in SPSS software version 18.

RESUlTS

The baseline characteristics are depicted in Table 1. Eighteen patients had a cervical anastomosis 

and 22 an intrathoracic anastomosis. As expected, there were significantly more patients in the 

cervical group with a higher tumor location than compared to the intrathoracic group (12 vs. 0, 

p=0.006). There were no significant differences between groups with regard to other baseline 

characteristics. The pathological parameters were not significantly different between the groups 

(Table 2). Specifically, no significant differences in positive resection margins (R1) were observed 

between the groups (0 vs. 3, not significant).

general outcome
There was a significantly longer operating time for those patients who underwent an esophagec-

tomy with an intrathoracic anastomosis (Table 3). In one patient who underwent a MIE with a 
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Table 2. Pathological characteristics

Cervical anastomosis 
(n=18)

Thoracic anastomosis 
(n=22)

P

Type carcinoma 
 Adenocarcinoma
 Squamous cell carcinoma
 Other
 No residual tumor present

11
4
0
3

17
1
1
3

ns

Total LN resected ^ 19 (3-37) 19 (6-40) ns

Resection margin
 R0
 R1

18
0

19
3

ns

Stage~

 0
 I
 IIa
 IIb
 III
 IV
 No residual tumor/no  LN metastasis

0
2
4
2
5
3
2

1
1
8
6
2
2
2

ns

Ns, not significant. ^, skewed distribution, median (range), Mann Whitney U test applied. LN, Lymph Node. ~, Staging 
based on the AJCC 6th Edition.

Table 1. Baseline characteristics

Cervical anastomosis 
(n=18)

Thoracic anastomosis 
(n=22)

P

Gender
 Male
 Female

12
6

17
5

ns

Age^ (years) 63 (34-75) 62 (52-74) ns

BMI^ 23 (16-29) 24 (19-33) ns

ASA-classification
 1
 2
 3

1
14
3

4
15
3

ns

Type carcinoma 
 Adenocarcinoma
 Squamous cell  carcinoma

12
6

20
2

ns

Location of tumor¶

 Middle third
 Lower third/ junction

12
6

0
22

0.006

Neoadjuvant therapy
 Chemoradiotherapy
 Chemotherapy alone

16
2

18
4

ns

Ns, not significant. ^, skewed distribution, median (range), Mann Whitney U test applied. BMI, Body Mass Index. 
ASA, American Association of Anesthesiologist classification system. ¶, American Joint Committee on Cancer (AJCC) site 
classification of thoracic and abdominal esophagus



Three stage versus two stage Ivor Lewis esophagectomy 163

cervical anastomosis, the laparoscopy was converted to a laparotomy due to truncal adhesions. In 

two patients, the MIE with an intrathoracic anastomosis the thoracoscopy was converted due to 

pleural adhesions and an insufficient anastomosis, respectively. A difference in median hospital 

stay was observed between the groups (24 vs. 15); however, this was not statistically significant.

Anastomosis outcome
There were no significant differences with regard to anastomotic leakage between the groups 

(Table 4). A significantly higher incidence of recurrent nerve palsy was observed in the cervical 

anastomosis group.

Other morbidity
No significant differences were observed in the incidence of other post-operative complications 

(Table 5). In the cervical group, one patient died 120 days after an anastomotic leakage. In the 

thoracic group, one patient died 15 days post-operatively after an anastomotic leakage.

Quality of life
Patients experienced more difficulties in talking in the 6 weeks post-operatively in the cervical 

group (OES 18, p=0.007). The other domains/ functions of the quality of life questionnaires were 

not statistically significant.

Table 3. General outcome

Cervical anastomosis (n=18) Thoracic anastomosis (n=22) P

Operative time (min) ^ 297 (195-410) 306 (228-559) 0.011

Blood loss (mL)^ 300 (30-950) 350 (200-1200) ns

Operative approach
 MIE
 Open

10
8

11
11

ns

Conversions 1 (6%) 2 (9%) ns

ICU stay (days) ^ 2 (1-120) 1 (1-23) ns

Hospital stay (days) ^ 24 (9-129) 15 (7-52) ns

Ns, not significant. ^, skewed distribution, median (range), Mann Whitney U test applied. MIE, minimally invasive 
esophagectomy. 

Table 4. Anastomotic outcome

Cervical anastomosis (n=18) Thoracic anastomosis (n=22) P

Anastomotic leakage 4 (22%) 3 (14%) ns

Recurrent nerve palsy 5 (28%) 0 0.013

Ns, not significant. 
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DISCUSSION

This prospective study compared cervical anastomosis with thoracic anastomosis after esopha-

gectomy for cancer with regard to anastomotic outcome. The differences in outcome in either level 

of anastomosis could be helpful in designating which anastomosis level should be used. A higher 

incidence of recurrent nerve trauma and more difficulties in talking was observed in the cervical 

anastomosis group. No significant difference in anastomotic leakage was observed between the 

groups.

One patient in the thoracic anastomotic group died after an anastomotic leakage. The tra-

ditional perception is that a thoracic anastomosis is associated with less frequent leaks, but its 

occurrence may have fatal consequences for the patient.8 However, another patient who had a 

cervical anastomosis also died after an anastomotic leakage. A lower incidence of anastomotic 

leakage is associated with thoracic anastomosis as compared with cervical anastomosis.7,9 Yet, 

no significant differences in anastomotic leakage were seen between the groups in this study. 

Correspondingly Walther and coworkers reported the results of a prospective randomized trial 

with 83 patients; of which 41 were randomly assigned to have a neck anastomosis and 42 were 

randomly assigned to have the anastomosis performed in the chest.1 There was an overall 1.8% 

leak rate without differences between the groups.

A narrow anatomical relationship exists between the recurrent nerve and the esophagus at 

cervical level. As expected, the incidence of recurrent nerve injury was significantly higher in the 

cervical group. Careful dissection and active identification of the recurrent nerve could minimize 

trauma to the nerve.10,11 Recurrent nerve injury affects swallowing and the ability to generate a 

good cough and protect the airway. This may lead to an increase in respiratory complications. 

Not unexpectedly, a tenfold increase of respiratory complications, from 2.4% to 24%, has been 

reported in patients with recurrent nerve injury.10 No significant difference in respiratory infec-

tions was observed in this study. Other factors could be of more influence in the incidence of 

respiratory complications, e.g. adequate post-operative analgesics and operative approach (MIE).7

Table 5. Other morbidity

Cervical anastomosis (n=18) Thoracic anastomosis (n=22) P

Pneumonia 8 (44%) 5 (23%) ns

Empyema without anastomotic leak 0 1 (5%) ns

Pulmonary embolism 0 1 (5%) ns

Hiatal herniation 1 (6%) 0 ns

Death
In-hospital mortality 1 (6%) 1 (5%) ns

Ns, not significant.
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In addition, both the presence of the cervicotomy wound and the incidence of recurrent nerve 

injury could probably have led to a significant difficulty in talking in the short-term quality of life 

assessment in the cervical group.

Another point that often is mentioned in the site of the anastomosis discussion is the presence 

of a positive resection margin (R1) after thoracic anastomosis. This study observed no significant 

difference in positive resection margins between the groups. Adequate pre-operative and per-

operative assessment probably improves the incidence of positive resection margins.12,13

This study has several limitations. Although patients were randomized as part of large ran-

domized trial comparing open esophagectomy with MIE, that original study was not powered 

for investigating the outcomes of comparing cervical anastomosis with thoracic anastomosis. 

Therefore, this present analysis should be characterized as a prospective case-control study. As 

with all case-control studies, patient selection could form a bias. Yet, in this study most patients 

at the VU university medical center undergoing an esophagectomy with a tumor located below 

the level of the carina, were deemed eligible for an intrathoracic anastomosis. Another limitation 

could be the relative small sample size in this study. Yet, as discussed above, our findings do cor-

relate with those in current literature.

In conclusion, patients with a cervical anastomosis after esophagectomy for cancer have a 

significantly higher incidence of recurrent nerve injury and experience more difficulties in talking 

in the short-term quality of life assessment as compared to patients with an intrathoracic anasto-

mosis in this cohort. These short-term outcomes should be taken into account when deciding the 

level of anastomosis for distal or GE junction tumors.
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ABSTRACT

Background The first and only randomized trial comparing open esophagectomy with minimally 

invasive esophagectomy (MIE) showed a significant lower incidence of post-operative respiratory 

infections in the patients who underwent MIE. In order to identify which specific factors are 

related to a better respiratory outcome in this trial an additional analysis was performed.

Methods This was a prospective, multicenter, randomized controlled trial. Eligible patients, with 

a resectable intrathoracic esophageal carcinoma, including the gastro-esophageal (GE) junction 

tumors and Eastern Cooperative Oncology Group ≤ 2, were randomized to either MIE or open 

esophagectomy. Respiratory infection investigated was defined as a clinical manifestation of 

(broncho-) pneumonia confirmed by thorax X-ray and/ or Computed Tomography scan and a 

positive sputum culture. A logistic regression model was used.

Results From 2009 to 2011, 115 patients were randomized in 5 centers. Eight patients developed 

metastasis during neoadjuvant therapy or had an irresectable tumor and were therefore excluded 

from the analysis. Fifty-two open esophagectomy patients were comparable to 55 MIE patients 

with regard to baseline characteristics. In-hospital mortality was not significantly different (2% 

(open group) and 4% (MIE group)). A Body Mass Index (BMI) ≥26 and open esophagectomy were 

associated with a roughly threefold risk of developing a respiratory infection.

Conclusion Overweight patients and open esophagectomy are independently associated with a 

significant higher incidence of post-operative respiratory infections, i.e. pneumonia.
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INTRODUCTION

Transthoracic esophageal resection with gastric reconstruction is to date the only curative option for 

patients with resectable esophageal cancer. However, this open resection not only involves a long 

operation time but also necessitates post-operative care in the intensive care unit (ICU), a long in-

hospital recovery with decreased quality of life and carries a significant risk of morbidity and death 

(50–70% and 5% respectively).1 The main morbidity encountered are respiratory infections (57%).1

Minimally invasive esophagectomy (MIE) could reduce the post-operative morbidity, in particu-

lar the respiratory complications which are most encountered. MIE involves a right thoracoscopy 

and laparoscopy, either with a cervical or intrathoracic anastomosis. The thoracic phase of this 

procedure can be performed through a lateral right thoracic approach with a right lung block 

by selective intubation or in prone position without selective lung block. This prone approach, 

with partial lung collapse, could result in lower percentage of pulmonary complications.2,3 Several 

studies have reported significantly low post-operative respiratory infection rates and shorter hos-

pital stay after MIE with comparable oncological results than the open procedure.3–7

The first randomized trial comparing open esophagectomy with minimally invasive esophagec-

tomy showed a significant lower incidence of respiratory infections in the patients who underwent 

MIE.8 In order to identify which specific factors are related to a better outcome in this trial an 

additional analysis was performed.

METHODS

Study design
We conducted a multicenter, randomized study comparing open transthoracic esophageal resec-

tion with minimally invasive resection for esophageal cancer (NTR TC 2452). Patients with a resect-

able intrathoracic or gastro-esophageal (GE) junction esophageal cancer were randomized for 

either an open transthoracic esophageal resection or minimally invasive transthoracic esophageal 

resection in prone position. Patients were recruited if they had a histologically proven squamous 

cell carcinoma, adenocarcinoma or undifferentiated carcinoma of the intrathoracic esophagus 

and GE junction which were surgically resectable (T1-3, N0-1, M0). The age of the patients must 

be ≥ 18 and ≤ 75 years. Moreover, the included patients must have had a World Health Organization 

(WHO)-Eastern Cooperative Oncology Group (ECOG) performance status of 0, 1 or 2; and their 

written informed consent was obligatory. Patients were excluded if there was a carcinoma of the 

cervical esophagus or had undergone prior thoracic surgery or no informed consent was provided. 

All patients underwent a pre-conditioning with physiotherapy and extra feeding through a duo-

denal feeding tube if necessary. All patients had pre-operative neoadjuvant therapy according to 

local protocol. Further information about participating centers, peri-operative management can 

be found in previous publications.8,9
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Esophagectomy
The open operation as well MIE operation consisted of a two-field esophageal resection with 

gastric tube formation followed by cervical or thoracic anastomosis. For patients undergoing a 

thoracotomy and laparotomy, a double tube was placed for selective intubation. Patients undergo-

ing MIE (thoracoscopy and laparoscopy) were positioned in prone decubitus and there was no 

need for selective intubation with the exception of patients in whom an intrathoracic anastomosis 

was planned (a Fogarty balloon catheter is placed under bronchoscopy view in the right primary 

bronchus and inflated only during the anastomosis phase).

Complications
Post-operative morbidity was separated into surgical and respiratory complications. Surgical 

morbidity included anastomotic leakage, chylous leakage, and re-operations. Respiratory infec-

tion was defined as post-operative (broncho-) pneumonia confirmed by thorax X-ray and/ or 

Computed Tomography (CT) scan and a positive sputum culture.

Statistical analysis
Statistical analysis was performed by SPSS version 18 (SPSS, Chicago, IL). Data are presented as 

mean with standard deviation (SD) or median with range where appropriate. Univariate logistic 

regression was performed, and statistically significant variables at the P<0.10 level were entered 

into a multivariate model by backward elimination. The following variables were entered into the 

logistic regression models: age, sex, body mass index (BMI), comorbidities (including smoking 

and alcohol consumption), ASA score, type of surgery (minimally invasive vs. open esophagec-

tomy), level of anastomosis, and type of carcinoma. Statistical significance was set at p<0.05.

RESUlTS

Demographic parameters
Between June 2009 and March 2011, 144 patients were eligible for randomization. Of these, 29 

were excluded for various reasons (Fig.1). A total of 115 patients underwent randomization in 

5 centers. Eight patients were not included in the analysis: three patients developed metastasis 

during neoadjuvant therapy, four had an irresectable tumor during surgery and one patient had 

liver metastasis being diagnosed intra-operatively. Finally, 52 patients were analyzed in the open 

group and 55 patients in the minimally invasive group. Two patients in open group refused open 

surgery and underwent MIE. Two patients in the MIE group developed a WHO-ECOG condition 

of 3 during neoadjuvant therapy and underwent a transhiatal esophagectomy. The demographic, 

clinical pathological characteristics of the two study groups, comorbidity and type of neoadjuvant 

therapy, were comparable between the groups (Table 1 and Table 2).
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Morbidity and Mortality
Conversion rate was 11% (6 patients). Five cases were converted to thoracotomy and one case to 

laparotomy. Reasons for conversion included persistent hypercapnia (1 patient), pleural adhesions 

(2 patients), inadequate intrathoracic anastomosis (2 patients), and extensive adhesions around 

the celiac trunk (1 patient).

Figure 1. Enrollment and outcomes
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There was no difference in ICU stay between the groups (1 vs. 1 day). However, a significant 

shorter hospital stay was observed in the MIE group (15 (7–120) vs. 11 (7–80) days, p=0.046). 

Based on linear mixed model analysis of the VAS, MIE patients experienced less pain in the first 10 

days post-operatively (mean VAS 3 ±2 vs. 2 ±2, p= 0.000).

The overall in-hospital incidence of post-operative pneumonia was significant in favor of the 

MIE group (19 (37%) vs. 7 (13%), p=0.004).

Four patients (8%) in the open and 7 patients (13%) in the MIE group had an anastomotic 

leakage (not significant). One patient (2%) in the MIE group developed a mediastinitis without an 

anastomotic leakage; one patient in the open group developed an empyema without anastomotic 

leakage. There was significant more recurrent nerve palsy in the open group (8 (15%) vs. 1 (2%), 

p=0.012). There was no relationship between recurrent nerve palsy and respiratory infections: 

Table 1. Demographic and clinical characteristics of the patients

Open esophagectomy (n= 52) MIE (n= 55) P

Gender
 Male
 Female

43
9

39
16

ns

Age^ (years) 62 (42-75) 62 (34-75) ns

BMI 24 (±3.7) 25 (±3.7) ns

Alcohol compsumtion ((>2 standard drinks/day) 22 21 ns

Smoking 18 16 ns

Respiratory comorbidity 4 6 ns

Diabetes Mellitus 10 8 ns

Cardiac comorbidity 9 14 ns

ASA-classification
 1
 2
 3
 4

14
31
6
1

10
32
13
0

ns

Type carcinoma 
 Adenocarcinoma
 Squamous cell carcinoma
 Other

35
16
1

33
22
0

ns

Location of tumor¶

 Upper third
 Middle third
 Lower third/ junction

2
20
30

1
23
30

ns

Neoadjuvant therapy
 Chemoradiotherapy
 Chemotherapy alone

48
4

50
5

ns

MIE, Minimally Invasive Esophagectomy. ns, not significant. ^, skewed distribution, median (range), Mann Whitney U 
test applied. BMI, Body Mass Index. ASA, American Association of Anesthesiologist classification system. ¶, American Joint 
Committee on Cancer (AJCC) site classification of thoracic and abdominal esophagus, one patient in the MIE group had a 
cardia carcinoma per-operatively and subsequently underwent a Merendino gastric resection.
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4 patients in the OE group with recurrent nerve palsy had a respiratory infection during the in-

hospital period; the other 4 patients in the OE group and the 1 in the MIE group experienced no 

respiratory infections. One patient in the MIE group had a pulmonary embolism. Re-operations 

were required in 5 patients (10%) in the open group (i.e. redo anastomosis, drainage of medi-

astinitis, splenic bleeding, hiatal herniation, tracheal lesion) and 8 patients (15%) in the MIE 

group (i.e. drainage after anastomotic leakage, chylous leakage, tracheo-gastric conduit fistula, 

suspected mesenterial ischemia).

There were no significant differences in hospital mortality between the two groups, 1.8% (1 

patient open) versus 3.8% (2 patients MIE).

logistic regression for pulmonary morbidity
The results of the univariate and multivariate regression model for the specific respiratory infec-

tions are shown on Table 3 and 4. Multivariate analysis demonstrated an increased risk for respira-

tory infection in patients who had a Body Mass index (BMI) ≥26 and in patients who underwent 

open esophagectomy.

DISCUSSION

This study investigated factors associated with respiratory infections in a randomized trial com-

paring open transthoracic esophagectomy with minimally invasive esophagectomy. Respiratory 

Table 2. Pathological specimen parameters

Open esophagectomy (n= 52) MIE (n= 55) P

Type carcinoma 
 Adenocarcinoma
 Squamous cell carcinoma
 Other
 No residual tumor present

34
10

0
8

26
16

2
11

ns

Total LN resected ^ 21 (7-47) 20 (3-44) ns

Resection margin
 R0
 R1

47
5

54
1

ns

Stage*

 0
 I
 IIa
 IIb
 III
 IV
 No residual tumor/no  LN metastasis

0
4
16
6
14
5
7

1
4
17
9
11
4
9

ns

MIE, Minimally Invasive Esophagectomy. Ns, not significant. ^, skewed distribution, median (range), Mann Whitney U test 
applied. LN, Lymph Node. *, Staging based on the AJCC 6th Edition.
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infection was associated with a BMI ≥26 and open esophagectomy in both a univariate and mul-

tivariate analysis.

The association of BMI and post-operative complications were investigated in the past. Recent 

studies have shown conflicting results. Helay et al. identified a BMI >30 as a risk factor for respira-

tory complications in 150 consecutive patients.10 In contrary, Grotenhuis et al. investigated a larger 

cohort of 556 patients who underwent esophagectomy and found no association with complica-

tions in obese patients.11 In our study overweight (BMI ≥26) was associated in the multivariate 

analysis with a threefold higher incidence of pneumonia.

Moreover MIE was associated with a significant lower incidence of respiratory infections. Mini-

mally invasive esophagectomy has previously been identified as a factor with a significant better 

respiratory outcome. Zingg et al. showed that minimally invasive esophagectomy was associated 

with a decreased risk of respiratory failure.12 In their series the majority of the MIE procedures 

were performed thoracoscopically assisted, i.e. thoracoscopy and laparotomy. In our study, the 

MIE procedures included a thoracoscopy and laparoscopy. It is likely that the combination of both 

approaches has more significant impact on post-operative outcome. The surgical access-related 

trauma and possibly less impairment of the respiratory function in the post-operative period 

have been shown to be associated with lower pulmonary morbidity.4–7 In addition, the approach 

Table 4. Multivariate logistic regression model for pneumonia

Odds ratio 95% confidence interval P value

BMI (≥26 vs. <26) 3.49 1.07-11.40 0.038

Surgical approach (open vs MIE) 3.71 1.38-10.03 0.010

BMI, Body Mass Index. MIE, Minimally invasive esophagectomy.

Table 3. Univariate logistic regression models for pneumonia

Odds ratio 95% confidence interval P value

Age (≥51 vs. ≤50) 0.58 0.23-1.5 0.263

Sex (male vs. female) 2.53 0.68-9.30 0.164

BMI (≥26 vs. <26) 3.781 1.19-11.99 0.024

Alcohol consumption 
(>2 standard drinks vs. ≤2 standard drinks)

0.77 0.32-1.88 0.560

Smoking (yes vs. no) 1.35 0.84-2.19 0.215

ASA score 1.36 0.41-4.48 0.620

Cardiac comorbidity (yes vs. no) 1.67 0.52-5.50 0.387

Respiratory comorbidity (yes vs. no) 0.44 0.11-1.70 0.234

Diabetic comorbidity (yes vs. no) 1.15 0.34-3.86 0.822

Previous surgery (yes vs. no) 1.72 0.70-4.25 0.237

Surgical approach (open vs MIE) 3.95 1.49-10.45 0.006

Level of anastomosis (cervical vs. intrathoracic) 2.10 0.71-6.18 0.178

Histology (adeno- vs. squamous cell carcinoma) 0.77 0.24-2.55 0.674

BMI, Body Mass Index. ASA, American Association of Anesthesiologist classification system. MIE, Minimally invasive 
esophagectomy.
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with the patient in prone position could also contribute to a better outcome.3 A study comparing 

minimally invasive esophagectomy in prone position with MIE in lateral decubitus showed that 

prone positioning resulted in a significant shorter operation time than in lateral decubitus.13 The 

major cause for this was the better exposure. Also, the prone position allows better ventilation 

and oxygenation of the ipsilateral lung, which is blocked in the lateral decubitus position. Atel-

ectasis could be promoted in the collapsed lung, which is a major contribution to post-operative 

respiratory infection.14 This prone approach, with partial lung collapse during the intrathoracic 

anastomosis, could therefore result in a lower percentage of respiratory infection.

The main shortcoming of studies that investigate predictive factors is patient selection. This is 

of course intrinsic in retrospective analyses. This is especially true for identified factors such as 

surgical approach (MIE or open surgery). This study is an additional analysis of a randomized trial 

comparing open esophagectomy with MIE. Patient selection is therefore not present as the trial 

was powered for respiratory infections.

In conclusion, overweight patients and open esophagectomy are independently associated 

with a significant higher incidence of respiratory infections, i.e. pneumonia.
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