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Esophagectomy has been identified as a particularly complex surgical
procedure due to high levels of perioperative morbidity and mortality:

• Overall complication rate > 50% vith 17% of patients sustaining complications of IIIb or greater
utilising the Clavien-Dindo severity grading system.

• 30 and 90-day mortality rates of 2,4% and 4,5% respectively in high volume esophageal centers

• 30 and 90-day mortality rates above 5% and 13% respectively from national audit



Outcomes

• R0-resection

• Morbidity and mortality

• Functional outcomes (QoL)

Multimodal treatment

High volume center

Minimally invasive surgery

Multidisciplinary team



RAMIE includes three types of robotic esophagectomy: 

1 Transhiatal esophagectomy  (RATHE)

2 McKeown esophagectomy    (RAMIME)                 NECK ANASTOMOSIS

3 Ivor-Lewis esophagectomy    (RAILE)                       INTRATHORACIC ANASTOMOSIS 

EN BLOC RESECTION
RECONSTRUCTION

(Procedures are usually performed with hybrid approaches and the different techniques are difficult to compare) 

Robot Assisted Minimally Invasive Esophagectomy 



• Vascularization

• Gastric tubulization tecnique

• Gastric tube torsion

• Transhiatal outflow

• Pyloroplasty

• Jejunostomy

• Anastomosis technique
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Study N° Type Operative time 
(min)

Blood loss (ml) LOS (days) Nodes
(n°)

Pulmonary complications (%) Anastomotic leak (%) Cord palsy (%) M&M (%)

V. Hillegersberg 2006 21 MK 450 950 18 20 48 14 14 NA/5

Anderson (2007) 25 MK 482 350 11 22 16 16 4 NA

Kernstine (2007) 14 MK 666 400 NA 18 21 14 14 29/7,1

Boone (2009) 47 MK 625 450 18 27 45 21 19 46,5/6,4

Kim (2010) 21 MK 410 150 21 38 0 19 29 NA/0

Weksler  (2012) 11 MK 439 200 9 19 18 9 NA 44/NA

Cerfolio (2013) 22 IL 367 65 7 18 4.5 4.5 NA 36.4/0

Sarkaria (2013) 21 MK/IL 556 307 10 28 14 14 5 24(major)/5

Trugeda (2014) 14 IL 222 75 13 18 0 28.6 0 42.8/0

Wee (2016) 20 IL 455 275 8 23 10 0 0 55/0

Bongiolatti (2016) 8 IL 499 73 10 37 0 25 NA 25/0

Wee (2016) 20 IL 475 275 8 23 10 0 NA 55/0

Chiu (2017) 20 MK 500 356 13 18 5 15 25 10,5/0

Guerra (2017) 38 MK/IL 550 80 10 33 8 16 2,6 42/10

Okusanya (2017) 25 MK/IL 661 NA 8 26 12 4 0 20/0

RATTE: early results (case series)

Studies are difficult to compare:
- hybrid approaches

-different surgical system (Si & Xi)



Study N° Type Operative time 
(min)

Blood loss (ml) LOS (days) Nodes
(n°)

Pulmonary complications (%) Anastomotic leak (%) Cord palsy (%) M&M (%)

De La Fuente (2013) 50 IL 445 146 11 20 10 4 NA 28/2

Hodari 
(2015)

54 IL 362 74 12,9 16,2 24,1 5,5 NA 74/1,9

Park 
(2016)

62 MK/IL 490 462 NA 37.3 14.5 8.1 12.9 16/1,6

Van der Sluis (2015) 108 MK 381 340 16 26 33 19 9 66/3,7

Puntambekar (2015) 83 MK 205 87 10 18 1 4 2 19.3/0

Cerfolio 
(2016)

85 MK 360 35 8 22 7 4 NA 36,4/10,6

Egberts 
(2017)

75 IL 392 172 16 29 34 16° NA 73/3.9

Zhang 
(2018)

61 IL 315 189 10 19 NA 9,8 NA 36,1/0

Park 
(2018)

140 MK/IL 468 NA 14 41 8,8 5 25 57,9/4,3

Sarkaria 
(2018)

64 IL (62)
MK (2)

400 250 9 25 14.1 3.1 3.1 39.1/1.6

Van der Sluis (2018) 312 IL 8
MK304

375-401 100-250 17 23/25 21-29 17.9 9-17 NA/NA

Espinoza
(2019)*

406 NA NA NA 9 17 NA NA NA NA/7,6

RATTE: experienced centers (case series >50)

* National cancer database 2004-2015 °9.6% in hand sewn anastomosis
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Cervical anastomosis is preferred by most surgeon over the intrathoraic but it is associated with higher leaks (10–
30 %), stenosis, recurrent nerve injuries, dysphagia. The Ivor-Lewis technique was developed later for the high 
technical complexity

RAILE: anastomosis

Egberts et al. Dis Esoph (2017) 30, 1–9
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RAMIE: long term results

Survival curves after propensity score matching MIE, OE, RAMIE. US 
National center database 

Utrecht group: R0 rate 95%, 5-year; OS 42%, and 
locoregional recurrence 6%. 

Yonsei group: R0 rate 95.7%, 3-year OS 85%. 

RAMIE is oncologically effective and acceptable with 
a high R0 rate and adequate lymphadenectomy.

Wecsler et al. Ann Thorac Surg 2017;104:1138–46)



For a surgeon experienced in Open & MIE: 26 cases for RAMIE

Learning curve in RAMIE

Total surgical time : 26th operation Thoracic console  time : 26th operation

Thoracic setup & docking time: 9 procedures

Zhang et al. Ann Thorac Surg 2018;105:1024–30

Abdominal console time : 14th operation



Learning curve in RAMIE

In a structured proctoring program (20 procedures as assisting table surgeon, 5 observational & 15 supervised), the 
learning phase of thoracic RAMIE was completed within 24 cases (15 supervised and 9 independent cases). 70 
procedure for proctor!!

Van der Sluis P et al. Ann Thorac Surg 2018;106:264–71



Consideration

RAMIE allows to gain more control in anatomically challenging areas (dissection of
cancer near the upper thoracic inlet, higher lymph node yield along the left
recurrent nerve) and in performing hand-sewn anastomosis in RAILE



Conclusions

The currently available evidence from literature is too limited for any definite
conclusions in relation to traditional techniques but RAMIE is yet another way
of performing a difficult operation. It will undoubtedly become the preferred
approach of certain surgeons and groups.

RAMIE is a safe and feasible procedure in experenced center (compared to MIE &
OE) particularly for McKeown procedure. The Ivor Lewis procedure is still in the
implementation phase and far from being standardised.
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• Multimodal system

• Evidence based care protocols

• Assessing progress and compliance through continuous audit

• Procedure- specific, non- procedure specific. Operative or technical issue and peri and postoperative 
issues

• The ERAS study group produced a consensus statement regarding patients undergoing colonic 
resection in2005

• The current ERAS guidelines for esophagectomy cover all critically important standard issues 
associated with enhanced recovery, but also address issues unique to esophageal resection

Multidisciplinary team
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• Nutritional assessment and treatment

• Preoperative fasting

• Perianastomotic drains

• Chest drain management

• NG tube/gastric decompression

• Perioperative fluid management

• Anesthesiologist management

• Hypothermia

• Glycemic control

• Use of feeding jejunostomy

• Postoperative nausea and vomiting prophylaxis

• Intensive care unit management

• Perioperative pain control

• Postoperative early nutrition

• Early  mobilization

• Antithrombotic prophylaxis

General and Oncologic Surgery unit
S.Croce & Carle Hospital, Cuneo ItalyMultidisciplinary team

SURGICAL PROCEDURE


