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Multidisciplinary Collaboration. Personalized Treatment Strategies. Patient Advocacy.
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Minimally Invasive Surgery

Fewer Incisions

Smaller Incisions

No Incisions



Minimally Invasive Surgery

SURGICAL TREATMENT OF ACHALASIA

Pre – 1991
Heller Myotomy
Thoracotomy

© 2012 Nucleus Medical Art



Minimally Invasive Surgery

SURGICAL TREATMENT OF ACHALASIA

1991-present
Laparoscopic
Heller Myotomy

©2011 UpToDate

PAIN

MORBIDITY

RECOVERY



Minimally Invasive Surgery

SURGICAL TREATMENT OF ACHALASIA

2009-present

PAIN

MORBIDITY

RECOVERY

POEM Procedure



Minimally Invasive Surgery

SOUNDS GREAT, BUT…



Penetration of Laparoscopy in World (2020)



Minimally Invasive Surgery

What makes it difficult?



3D à 2D; Loss of Depth Perception



Fulcrum Effect



4 Degrees of Freedom



Tremor Exaggeration



Decoupling of Motor and Visual Axes



Loss of tactile sensation (“haptics”)



Camera not 
under surgeon’s 
control



Static posture



MEDIASTINUM

Esophagus



Esophageal hiatus
1.5cm-2cm











Poor Ergonomics Is An 
Occupational Hazard



Awad Ergonomics Lab

Objective
Surface electromyography (sEMG)

Subjective
NASA Task Load Index (TLX)





Comparison Groups

Procedure

• Open
• Laparoscopic
• Robotic
• Endoscopic

Provider

• Level of 
training

• Specialty 
area

• Hand size

Patient

• BMI
• Prior Surgery



Advanced Endoscopic 
Procedures Can Also Be Difficult

Endoscope was initially designed as a 
diagnostic tool

Limited degrees of freedom

Scope and therapeutic instruments are 
aligned in the same axis

Dials present ergonomic challenges



Ergonomics in Endoscopy – Hand Size

• 165 upper and 
lower endoscopies

• Hand (glove) size:
• Small (5-6)
• Medium (6.5-7.0)
• Large (7.5-8.0)

• All small hand size 
were female 
endoscopists

Shiang and Awad, Gastro in press, 2021 



Surgical Ergonomics Research
PubMed Results – February 2021

1990



Surgical Robotics History
First introduced in early 1990s



Surgical Robotics History
1999

2003
2008

2014



Robotics to Overcome Challenges of Laparoscopy

• 2D
• Limited degrees of freedom
• Fulcrum effect
• Tremor exaggeration
• Decoupling of Motor and Visual Axes
• Loss of haptics
• Camera not under surgeon’s control
• Static standing posture



Growth in procedure categories
Global over past 10years
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Procedure Factors – Lap vs Robot
Can robotic surgery help ameliorate laparoscopic ergonomic challenges?

Wang and Awad, Surg Endo, 2016



Zihni, Awad. Surg Endosc, 2014

Procedure Factors – Lap vs Robot (Sim)



Procedure Factors – Lap vs Robot (Clinical)
• Comparable lap and robot procedures (e.g., inguinal hernia)

Zihni and Awad, Surg Endo, 2014



SHORT-TERM OUTCOMES DATA

• Prospective, IRB-approved database
• PEH Repairs (Sliding Type 1 hiatals excluded)
• 2009-2019
• Single center
• All expert surgeons with over 1000 lifetime foregut cases



Robotic Paraesophageal Hernia Repair 
Short-term Outcomes

=



LONG-TERM OUTCOMES DATA

• Prospective, IRB-approved database
• PEH Repairs (Sliding Type 1 hiatals excluded)
• Patients with at least 5 year follow-up
• 2010-2014



RAL Paraesophageal Hernia Repair
Long-term Recurrence Rates 
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* Recurrence defined as >2cm on esophagram





FDA-approved Platforms

Intuitive Surgical 
da Vinci® Surgical 

System

Transenterix 
Senhance®

Medrobotics Flex® 
Robotic System

Auris Monarch 
Robotic Endoscopy 

System (ARES)

Intuitive ION 
system (510k)

Sensei X Robotic 
Catheter System

FreeHand v1.2 In endoscopy E200 
System

NeoGuide 
Endoscopy System



Flexible Robotic Systems



Flex Robot

• Medrobotics Corp
• Oropharynx/hypopharynx/larynx
• Used by ENT / colorectal
• Approved for abdominal 

procedures
• Use mechanical instruments



Ion Robot
Intuitive



Nanyang Technological University

• MASTER
• Natural orifice procedures
• Endoscopy based
• Controllers, image mapping 

and guidance systems



CARPE
Compliant Actuation Robotic Platform for Endoscopy



NaviCam – ANX Robotica
• Controlled via external 

magnet robotically
• 160 degrees vision
• 27 mm x 11.8 mm
• Resolution 640x480 
• Battery: 12 hrs
• Frame rate: 0.5-12 fps



Motor-based Capsule
• Capsule endoscope with active locomotion to traverse the intestine

• Movement powered by wireless power transmission consisting of a one-dimensional transmission coil and 
three-dimensional receiving coil

• Robot was able to travel through a collapsed porcine intestine in ex vivo testing

• Potential to reduce pain and discomfort in endoscopy and allow more control over the endoscope

• Future work could incorporate other modules for drug delivery, grasping, and biopsy

Gao et al. 2016 Design and Testing of a Motor-Based Capsule Robot Powered by Wireless Power Transmission. IEEE/ASME 
Transactions on Mechatronics.



ARAKNES-Vector



ARAKNES-Vector



Future Directions
Evolution of Robotics

Motor Vision Analytics

Robotics à Computer-Assisted Procedures



Image Guidance - Fluorescence
ICG

§ Central venous
§ Interstitial

§ Specific antibodies plus 
fluorescing markers

Vasculature

Lymph Node Mapping



In-Vivo Microscopy
• Sub-micron in-vivo histology
• Real-time functional and molecular imaging and 
diagnosis
• Tissue information (cancer, endometriosis, etc)



Image Guidance
� Pre-operative images + tracking hardware/software

� Rigid anatomy from pre-op to OR

� “No-Fly” surgical zones



Augmented Reality



Cybernetic Surgery



Education - Telementoring





Remote Foregut Case Observation



awadm@wustl.edu
THANK YOU


