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Foreword

Robotic Surgery (and therefore the relevance of this book) is at a critical crossroad. One fork
in the road takes a broad look at the tremendous value the robot adds to surgery and sees its
flaws as acceptable relative to its benefits. This view is derived by a careful understanding of
the well-documented experiences of robotic surgery visionaries, many of whom have made
generous contributions to this book. The other fork in the road focuses narrowly on costs and
superficially classifies robotics as an unnecessary, and potentially dangerous toy. This path
leads to a future of minimally invasive surgery that is limited (likely by federal regulations) to
only those procedures that can be done laparoscopically.

Most surgeons interested in robotics had no desire to be visionary; they just wanted a tool
to do their challenging jobs better and easier. That pragmatism is good for patients, but makes
it hard to choose the correct path at a fork in the road. As Lewis Carroll wrote: “If you don’t
know where you’re going, any road will get you there.” A small minority of surgeons who felt
that they did not have the technical and mental processing skills needed to be safe, appropri-
ately abandoned robotics. More often, surgeons had the skills but stopped robotics too early
based largely on the negative influence of experts in their field. Only those with vision can
resist that type of peer pressure and choose the only correct path: don’t start robotics in the first
place unless you are willing to stick with it and learn from your mistakes.

The advice of experts is helpful, but it can have blind spots. The Federal Aviation
Administration recognized the downside of having experts when jets began to modernize in the
1960s. They established a mandatory retirement age for commercial pilots out of concern that
older pilots would have difficulty learning new skills that require the “unlearning” of previous
skills. Unlearning is not easy. It causes pain before things get better—like the alcoholic that
stops drinking and goes through withdrawal. It is much easier to minimize pain by allowing
old habits to accumulate over time. Those habits are what makes the well-stocked mind of the
expert so difficult to change.

Some experts deliberately hinder progress to maintain status and power. Hospitals are
highly political arenas, so it is realistic for a surgeon to maximize his/her power as a way of
getting things done. Power is intractable. As George Orwell wrote: “No one ever seizes power
with the intention of relinquishing it.” Planck’s principle describes that a new scientific truth
rarely convinces its opponents and makes them see the light; it requires opponents to eventu-
ally die so a new generation emerges that is familiar with it. Power also accumulates with age.
In the 1800s, an advocate of Darwinism revealed his frustration with how age altered the
reception of his ideas by saying “Men of science ought to be strangled on their 60" birthday
lest they retard scientific progress in proportion to the influence they had deservedly won.”

Before we wait for existing experts to “die or be strangled,” it is reasonable to ask whether
robotic experts are the ones failing to accept the truth and cling to the prestige granted by their
unique technical skills. There is some truth to the notion that robotics can be dangerous. This
is a self-inflicted wound caused by poor training. Peer-reviewed publications, blog posts,
Netflix shows, newspaper stories, lawsuits, and many others have documented that robotics
training has been woefully inadequate for two decades. Surgeons did not learn in a simulated
teaching environment but instead on their unwitting initial clinical cases, which exposed
patients and programs to unnecessary risk. The inconsistent results of this approach confound
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our understanding about who are the best candidates for robotic procedures, true advantages,
and major drawbacks of robotic surgery.

However, the fork in the road demands that surgeons tackle a more fundamental question
about robotics than what is the optimal training protocol. The answer lies in the story of how
our military started using unmanned aerial systems or drones. The controversy surrounding
how drones were adopted closely resembles the past two decades of robotic surgery. Drone
warfare was enthusiastically hyped by the military in the beginning. Soon, drone pilots com-
plained about not having enough simulators or dedicated time for training. Articles in the press
uncovered how pilots counted real missions toward their required initial training requirements.
Experts (i.e., pilots of conventional manned aircraft) attacked drone technology by denigrating
drone pilots as “video-game warriors in the Chair Force” and “Fobbits” who never leave the
safety and comfort of the forward operating base (FOB) like real soldiers. The chief of staff to
Colin Powell prevented eligible drone pilots from being awarded medals by arguing that the
whole program damaged the “warrior ethos.” Despite the hullabaloo, drone assaults now vastly
outnumber those by manned aircraft in all recent military engagements.

Drones—a.k.a. flying robots—faced nearly identical trials and tribulations as surgical
robots, thus illustrating how much of an existential threat both are to a well-heeled status quo.
Since it is impossible to get an expert to change a false belief so deeply tied to their identity,
much of their criticism can be discarded as merely “unreasonable doubt.” It is self-evident that
the drone is here to stay in the military, which is what makes it such a powerful metaphor for
using robots in surgery. Surgeons who struggle to adopt robotics and reach their own fork in
the road should consider the value of robots in the air before prejudging those that execute
surgery. In the long run, an idea whose time has come will overpower any short-term
controversy.

The most important aide for making the right decision about robotics is competent and reli-
able scientific evidence established through methods that are widely accepted by the field. This
Second Edition of Robotic Surgery provides a comprehensive resource of exactly that. There
is step-by-step coverage of surgical procedures that span the entire surgical spectrum. Each
chapter has a focus on how the principles and procedures of robotics lead to improved surgical
outcomes. There are insightful sections that examine new frontiers of robotic surgery. Based
on the timeliness of its release and vast array of critical information it provides, this book is
poised to have a major impact on the path that Robotic Surgery takes in the future.

Robert Poston, MD

Chairman, Board of Governors
Chief of Cardiothoracic Surgery
Chief of Robotic Surgery

Three Crosses Regional Hospital
Las Cruces, NM

USA



Preface

...all experience hath shown that mankind are more disposed to suffer, while evils are sufferable than to
right themselves by abolishing the forms to which they are accustomed... —Declaration of Independence

In evolution, the crucial axiom for the survival of the “fittest,” and indeed the entire species,
is the ability to change. Yet, inexplicably, woven into every cell in the human body, there is a
strong instinctive urge to resist change. This is the Paradox of Change.

As a society, we applaud progress and believe that change will bring opportunities and
improvement in the human condition. Yet, unconsciously, humans perceive that longevity
equals goodness.

Today is May 15, 2020. As I sit to write the Preface to a book about a new era in surgery,
Robotics, which is certain to trigger the Change Paradox in the minds of surgeons, I cannot
help but be reminded of an extraordinary event on this very date in 1850. Exactly 170 years
ago, on this date, the Hungarian Obstetrician Ignaz Semmelweis stepped onto the exulted
podium at a meeting of the Vienna Medical Society. His entire lecture could be summarized in
three words: “Wash Your Hands.” Semmelweis’s very simple yet elegant advice was the result
of years of investigation into the cause of “childbed” or “puerperal” fever which was killing
1 in 10 patients in the maternity ward of the famed Vienna General Hospital, Allegemeines
Krankenhaus. Amazingly, Semmelweis’s advice was rejected as blasphemy by his colleagues.
In fact, the Viennese physicians were outraged at the suggestion that they were the cause of
their patients’ deaths. Instead of embracing Semmelweis and his important lifesaving discov-
ery about what a century later was found to be the result of the transmission of Hemolytic
Streptococcal infection by physicians from the autopsy theaters to their obstetrical patients, the
leading physicians of the era chose resistance and criticism. It was not until a quarter of a cen-
tury later when the practice of antisepsis was acknowledged as a means of preventing
infection.

Unfortunately, yet understandably, in the history of medicine there have been many
instances that illustrate a resistance to change and progress.

Late in the nineteenth century, in the face of growing interest in surgical approaches to the
heart, in the Handbook of General and Special Surgery, the famous German surgeon Billroth
wrote: “The paracentesis of the hydropic pericardium is, in my opinion, an operation approach-
ing rather closely that point which some surgeons call prostitution of the art of surgery, others
a surgical frivolity.”

In another example of resistance to change, despite the success of esophageal myotomy for
Achalasia which was described by Ernst Heller in 1913, the procedure was not accepted by his
contemporaries in the German Surgical School who insisted on performing esophagogastros-
tomies despite the poor results.

When it comes to dealing with change, humans experience three primary emotions: cyni-
cism, fear, and acceptance.

Why do humans fear change?



Preface

Fear is the main source of superstition, and one of the main sources of cruelty. To conquer fear is the
beginning of wisdom. —Bertrand Russell

Fear sees, even when eyes are closed. —-Wayne Gerard Trotman
Change is associated with many types of fear:

1. Fear of the Uncertain. The human brain seems to be wired to want to resolve unknowns.
When faced with uncertainty, the brain creates certainty by defaulting to the easiest, fastest,
and least-painful option. As a result, the brain does not choose the best option, but rather it
is programmed to stay in the comfort zone.

2. Fear of Failure. In an environment and society that is based on competition and has a rever-
ence for success, failure is feared.

3. Fear of Being Ridiculed. FEAR is an acronym for False Evidence Appearing Real. Feeling
awkward in the face of change and failing to gain the acceptance of others are integral to
the human psyche.

4. Fear of Losing Control. Humans have a passion for control. When humans lose the ability
to control, they become unhappy, helpless, hopeless, and depressed.

5. Fear of Inadequacy. Facing the unknowns that are brought about by change, questions, and
convictions and erodes a perceived sense of clarity.

6. Fear of the Unknown. Uncertainty is one of the most de-motivating emotionsin life. Due to
the roots in the animal kingdom, humans are programmed to avoid uncertainty at all costs.
Therefore, in the face of uncertainty, humans are compelled to do nothing.

The Paradox of Change has been an integral part of the human experience in all of history.
Undoubtedly, the constant struggle between the need to change and the resistance to change
will remain with humanity for eternity. What is certain is that unlike other beings, humans need
to force themselves to resist the fear of change, rather than change itself. Humans need to
“Manage change.” Change needs to be “managed” through thoughtful discourse and investiga-
tion, as opposed to blind acceptance, or instinctive rejection. Therefore, the single answer to
overcoming the fear of change is Empathy. This approach to change management requires
understanding the emotions and fears that get in the way. Empathy can reduce the overex-
pressed enthusiasm of those who are introducing a change to the status quo, as well as the
overexpressed resistance of those who are comfortable with the status quo.

This book represents the work of pioneers in a new era of surgery, Robotics. Robotic
Surgery is not about a new surgical instrument, rather Robotic Surgery represents a “Disruptive
Vision” which is bringing about a “Fundamental Change” in the culture of surgery. Therefore,
as the readers contemplate the adoption of robotics into their respective surgical practices, they
must be especially aware of the Paradox of Change. What we should learn from the previous
generations of surgeons who have struggled with change in their own time is to resist the blind
enthusiasm of the pioneer as well as the blind resistance of the incumbent. I would emphasize
that the most important lesson from the history of surgery is that change must be implemented
through an active process of scientific investigation with the singular goal of placing the Safety
of the Patient First.

I would direct every reader to the chapter “The Blueprint for the Establishment of a
Successful Robotic Surgery Program: Lessons from Admiral Hymen R. Rickover and the
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Nuclear Navy” which outlines the many valuable lessons from the transformative change that
was brought about by the introduction of nuclear technology into the conventional navy with
Safety as the singular goal of the change process. Robotics represents a monumental triumph
of surgical technology. Undoubtedly, the safety of the patient will be the ultimate determinant
of its success.

Curiosity will conquer fear even more than bravery will. —James Stephens

Farid Gharagozloo
Celebration, FL, USA
May 15, 2020



PartI Robotic Surgery: Overview

1

10

11

12

13

The Journey from Video Laparoscopy to Robotic and Digital Surgery . ...... 3
Camran Nezhat, Mailinh Vu, Nataliya Vang, Kavya S. Chavali,
and Azadeh Nezhat

The Origins of Minimally Invasive and Robotic Surgery and Their Impact
on Surgical Practice: A Sociological, Technological History................. 11
Arnold Byer

History of Robotic Surgery ........... .. ... .. . .. 21
Farid Gharagozloo, Barbara Tempesta, Mark Meyer, Duy Nguyen,
Stephan Gruessner, and Jay Redan

Blueprint for the Establishment of a Successful Robotic Surgery Program:

Lessons from Admiral Hyman R. Rickover and the Nuclear Navy ........... 31
Farid Gharagozloo, Monica Reed, Mark Meyer, Barbara Tempesta,

Hannah Hallman-Quirk, and Stephan Gruessner

Validating Robotic Surgery Curricula . ................................. 55
Edward Lambert, Erika Palagonia, Pawel Wisz, Alexandre Mottrie,
and Paolo Dell’Oglio

Defining and Validating Non-technical Skills Training in Robotics. .......... 75
Oliver Brunckhorst and Prokar Dasgupta
Secrets of the Robotic Dance (The World’s Busiest Surgical Robot).......... 83

Jeffrey G. Nalesnik and Shahab P. Hillyer

Credentialing and Privileging for Robotic Surgery in the United States . . . ... 87
Richard H. Feins

The Current State of Robotic Education .. .............................. 93
Danielle Julian, Todd Larson, Roger Smith, and J. Scott Magnuson

Real Tissue Robotic Simulation: The KindHeart Simulators. ............... 105
Richard H. Feins

The Institute for Surgical Excellence: Its Role in Standardization

of Training and Credentialing in Robotic Surgery ........................ 111
Jeffrey S. Levy, Martin A. Martino, Dimitrios Stefanidis, John Porterfield Jr,

Justin William Collins, Richard H. Feins, and Ahmed Ghazi

Opportunity Cost Analysis of Robotic Surgery . .......................... 133
Robert Poston and Safraz Hamid

Political Aspects of Robotic Surgery ... ... ... ... ... ... ... .. ... ... 141
Robert Poston and Fabrizio Diana

XV



XVi

14

15

16

17

18

19

20

21

22

23

24

25

Achieving Financial Optimization of a da Vinci Robotic Program
While Achieving Best Clinical Outcomes . .. .............................
Josh Feldstein and Herb Coussons

The Senhance® Surgical System . ......................................
Mohan Nathan

Humanizing the Robot: Medicaroid’s Vision for the Future
of Robotic Surgery . .......... . .
Leila Bahreinian

Mazor Core Robots in Spine Surgery......... ... ... .. .. ... ... ... .....
Faissal Zahrawi

Intelligence and Autonomy in Future Robotic Surgery.....................
John Oberlin, Vasiliy E. Buharin, Hossein Dehghani, and Peter C. W. Kim

Intellectual Property Considerations and Patent Protection: A Surgical
Roadmap . . ... .
Babak Tehranchi

The Internet of Skills: How 5G-Synchronized Reality Is Transforming
Robotic Surgery .. ......... . e
Mischa Dohler

Augmented Surgery: An Inevitable Step in the Progress of Minimally

Invasive Surgery . .......... ..
Luc Soler, Alexandre Hostettler, Patrick Pessaux, Didier Mutter,

and Jacques Marescaux

Telementoring for Minimally Invasive Surgery...........................
Justin William Collins, Jian Chen, and Andrew Hung

Automation and Autonomy in Robotic Surgery...........................
Paolo Fiorini

Will Hydrogel Models Fabricated Using 3D Printing Technology
Replace Cadavers as the Ideal Simulation Platform for Robotic

Ahmed Ghazi

Robotic Surgery: The FutureasISeeIt........... .. ... ... .............
Oliver Brunckhorst, Prokar Dasgupta, Kara McDermott, Nicholas Mehan,
and Josie Colemeadow

Part II Thoracic Section

26

27

28

29

The Basics of Starting a Robotic Thoracic Surgery Program ...............
Dana Ferrari-Light and Robert J. Cerfolio

Instrumentation, Energy Devices, Staplers ..............................
Tadeusz D. Witek, Matthew S. Vercauteren, and Inderpal S. Sarkaria

Robotic Lobectomy. .. ....... ... ... .. .
Farid Gharagozloo, Mark Meyer, Duy Nguyen, Barbara Tempesta,

Stephan Gruessner, Hannah Hallman-Quirk, Fortune Alabi, Fred Umeh,

Maximo Lama, Irtza Sharif, and Nelson Medina-Villaneuva

Robotic Right Upper Lobectomy with Mediastinal Lymph
Node Dissection . ... .......... .
Richard Lazzaro and Byron Patton

Contents



Contents

30 Robotic Right Lower Lobe Lobectomy. . ................................
Travis C. Geraci, Amie J. Kent, Costas Bizekis, and Michael D. Zervos

31 Mediastinal Lymph Node Dissection and Approach to the Fissures ..........
Chigozirim N. Ekeke, Nicholas Baker, Matthew S. Vercauteren,
and Inderpal S. Sarkaria

32 Robotic Surgery of the Mediastinum .. .................................
Farid Gharagozloo, Mark Meyer, Barbara Tempesta, and Stephan Gruessner

33 Robotic Extended Thymectomy. .......................................
Feng Li, Mahmoud Ismail, Andreas Meisel, and Jens-C Rueckert

34 The Robotic Approach to Intrathoracic Goiters .. ........................
Eitan Podgaetz, Gary Schwartz, Leonidas Tapias, and David P. Mason

35 Robotic Anatomic Pulmonary Segmentectomy . ..........................
Farid Gharagozloo, Duy Nguyen, Barbara Tempesta, Mark Meyer,
Hannah Hallman-Quirk, and Stephan Gruessner

36 Robotic Upper Lobe Pulmonary Segmentectomy . ........................
Kelsey Musgrove, Charlotte Spear, and Ghulam Abbas

37 Robotic Segmentectomy: Lower Lobes. .. ...............................
Luis J. Herrera and Matthew A. Johnston

38 Hemorrhage Management During Robotic Surgery.......................
Dana Ferrari-Light and Robert J. Cerfolio

39 Robotic Wedge, Apical Pleural Flap, and Pleurodesis. . ....................
Mark Meyer and Farid Gharagozloo

40 Robotic Pulmonary Decortication. ... ............ ... ... ... ... .. .. ...,
Mark Meyer and Farid Gharagozloo

41 Robotic Surgery for Thoracic Outlet Syndrome . .........................
Farid Gharagozloo, Scott Werden, Mark Meyer, Barbara Tempesta,
Amine Bouri, and Stephan Gruessner

42 Robotic Diaphragmatic Plication . .....................................
Ankit Dhamija, Brendan Jones, Jeremiah William Awori Hayanga,
and Ghulam Abbas

43 Robotic Selective Thoracic Sympathectomy for Hyperhidrosis..............
Farid Gharagozloo, Mark Meyer, Barbara Tempesta, Stephan Gruessner,
Amine Bouri, Hannah Hallman-Quirk, and Hans Coveliers

44 Pain Control Following Robotic Thoracic Surgery ........................
Farid Gharagozloo, Barbara Tempesta, Mark Meyer, and Stephan Gruessner

Part III Esophageal and Foregut Section

45 Robotic Laparoscopic Gastroesophageal Valvuloplasty (Modified Belsey
Fundoplication) for Gastroesophageal Reflux Disease . ....................
Farid Gharagozloo, Basher Atiquzzaman, Mark Meyer, Robert C. Tolboom,
Barbara Tempesta, Amine Bouri, Hannah Hallman-Quirk,
and Stephan Gruessner

46 Robotic Nissen Fundoplication . .......................................
Kayla Polcari, Kandace Kichler, and Srinivas Kaza



XVviii

47

48

49

50

51

52

53

54

55

56

57

Robotic Gastric Bypass as an Antireflux Procedure . ...................... 579
Michelle H. Scerbo, Melissa M. Felinski, Kulvinder S. Bajwa, Shinil K. Shah,
and Erik B. Wilson

Robotic Surgery for Reflux Disease .............. ... ... .............. 587
Carlos Eduardo Domene and Paula Volpe

Robotic-Assisted Paraesophageal Hernia Repair ...................... ... 609
Carlos A. Galvani, and Mohanad R. Youssef

Robotic Anatomic and Physiologic Reconstruction of Paraesophageal

Hiatal Hernias: Combining Lessons from a Century of Discovery

aNd ContrOVEISY . . .. ..ottt e e e e 621
Farid Gharagozloo, Mark Meyer, Basher Atiquzzaman, Khalid Magsood,

Rajab Abukhadrah, Fadi Rahal, Soundarapandian Baskar, Barbara Tempesta,

Hannah Hallman-Quirk, Amendha Ware, Fortune Alabi, Fred Umeh,

Jay Redan, and Stephan Gruessner

Redo Hiatal Hernia Surgery: Robotic Laparoscopic Approach. ............. 659
Alexander Christiaan Mertens and Ivo A. M. J. Broeders

Redo Hiatal Hernia Surgeries: Robotic Thoracoscopic Approach. ........... 665
Paul J. M. Wijsman, Robert C. Tolboom, Werner Draaisma,
and Ivo A. M. J. Broeders

Robotic Esophageal Myotomy for Achalasia . ............................ 673
Farid Gharagozloo, Amine Bouri, Mark Meyer, Nabiha Atiquzzaman,
Stephan Gruessner, and Basher Atiquzzaman

Robotic Ivor-Lewis Esophagectomy .................................... 687
Farid Gharagozloo, Mark Meyer, Barbara Tempesta, Jay Redan,
Stephan Gruessner, and Basher Atiquzzaman

Totally Robotic Ivor Lewis Esophagectomy.............................. 715
Raghav A. Murthy and Kemp H. Kernstine Sr

Robotic Esophagectomy: The European Experience. . ..................... 721
Richard van Hillegersberg, Jelle Ruurda, S. van der Horst,
Pieter Christiaan van der Sluis, and Peter Philipp Grimminger

Robot-Assisted Minimally Invasive Esophagectomy in China . .............. 727
Yang Yang, Bin Li, and Zhigang Li

Part IV Bariatric Surgery Section

58

59

60

61

62

Economics of Robotic Bariatric Surgery in Europe ....................... 737
Monika E. Hagen and Jonathan Douissard

Robotic Roux-En-Y Gastric Bypass (RA-RYGB) ......................... 741
Carlos A. Galvani

The Learning Curve for Robotic Roux-en-Y Gastric Bypass................ 749
Jonathan Douissard, Monika E. Hagen, and Nicolas C. Buchs

Robot-Assisted Biliopancreatic Diversion with Duodenal Switch .. .......... 759

Ranjan Sudan and MacKenzie Landin

Robotic Sleeve Gastrectomy. .. ........... ... . ... 767
Tamara Diaz Vico and Enrique Fernando Elli

Contents



Contents

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

Xix

Robotic Sleeve Gastrectomy. .. .......... .. ... .. ... 773
Maxwell J. Presser, Kandace Kichler, and Srinivas Kaza
Robotic Revisional Bariatric Surgery.............. ... .. .. .. ... ... ..., 779
Carlos A. Galvani, and Mohanad R. Youssef

Part V General Surgery Section
Single Site: Historical Perspectives and Current Application ............... 791
Giuseppe Spinoglio, Alfredo Mellano, Domenico Lo Conte, and Dario Ribero
Robotic Single-Site Surgery............ ... ... ... ... 803
Marinos C. Makris, Panagiotis Athanasopoulos, Fotios Antonakopoulos,
Argyrios Ioannidis, Michael Konstantinidis,
and Konstantinos M. Konstantinidis
Single-Site Systems in General Surgery ............. .. .. ... .. .. .. ... ..., 821
F. J. Voskens, Richard van Hillegersberg, Ivo A. M. J. Broeders,
and Jelle Ruurda
The Use of the Robot for Abdominal Oncologic Procedures ................ 829
Franco Roviello and Luigi Marano
Robotic Hepatic Lobectomies ......................................... 849
Eduardo Fernandes, Gabriela Aguiluz, Roberto Bustos,
and Pier Cristoforo Giulianotti
Robotic Hepatic Segmentectomies and Wedge Resections . .. ............... 857
Eduardo Fernandes, Roberto Bustos, Gabriela Aguiluz,
and Pier Cristoforo Giulianotti
Robotic Hepatic Resection . . ............ .. ... .. .. ... .. ... . i, 865
Vaishnavi Krishnan and Alvaro Castillo
Robotic Hepatectomy . ... ....... ... ... ... . .. 871
Essa M. Aleassa, Emin Kose, Amit Khithani, and Eren Berber
Robotic Pancreaticoduodenectomy (Whipple). ... ........................ 877
Francesco Maria Bianco, Valentina Valle, Gabriela Aguiluz, Yevhen Pavelko,
and Pier Cristoforo Giulianotti
Robotic Distal Pancreatectomy . ................... .. ... ....cuio.... 885
Mario Masrur, Roberto Bustos, Gabriela Aguiluz,
and Pier Cristoforo Giulianotti
Robotic Pancreatectomy. . .. ............ ... .. . . 891
Sarah Hatfield and Alvaro Castillo
Robotic Cholecystectomy . .. ....... ... .. ... .. .. . . ... 895
Alexandra Hernandez, Kandace Kichler, and Srinivas Kaza
Gallbladder Cancer . . ............ .. ... 901
Baiyong Shen and Qian Zhan
Robotic HPB Surgery in Children. . . .......... .. ... .. .. .. .. ... .... 911
Naved Kamal Alizai, Donatella Di Fabrizio, Michael Dawrant,
and Azad S. Najmaldin
Robotic Adrenalectomy .. ........... ... .. .. .. . .., 925

79

Orhan Agcaoglu and Eren Berber



XX

80

81

82

83

84

85

86

87

88

89

920

91

92

Laparoscopic/Robotic Treatment of the Small Bowel Lesions . . ............. 931
Antonio Gangemi, Valentina Valle, Mario Masrur,
and Pier Cristoforo Giulianotti

Robotic Small Bowel Resection . . ........... ... ... ... .. ... .. ......... 937
Carlos Ortiz-Ortiz, Carlos Hartmann, and Carla Herrera

Robotic Decompression of Celiac Axis for Median Arcuate

Ligament Syndrome . . . ....... ... ... . . 943
Samsor Zarak, Kamil Abbas, Neel Sharma, Charlotte Spear,

and Ghulam Abbas

Robotic Inguinal Hernia Repair .. ....... ... ... ... ... ... ... .. ....... 947

Francesco Maria Bianco, Valentina Valle, Yevhen Pavelko,
and Pier Cristoforo Giulianotti

Robotic Ventral Hernia Repair .......... ... ... ... . ... ... ... ....... 953
Francesco Maria Bianco, Valentina Valle, Yevhen Pavelko,
and Pier Cristoforo Giulianotti

Robotic TAPP for Inguinal Hernia Simple to Complex .................... 961
Sara La Grange, Fahri Gokcal, and Omar Yusef Kudsi

Robotic Transabdominal Preperitoneal Ventral Hernia
Repair t'TAPP VHR) . . .. ... . e 969
Chris Mellon, Courtney Janowski, Emily Helmick, and Conrad Ballecer

Robotic Abdominal Wall Reconstruction: Approaches for Primary Ventral,

Incisional, and Recurrent Hernias . .................................... 975
Sara La Grange, Fahri Gokcal, and Omar Yusef Kudsi
Robotic Transversus Abdominis Release (RoboTAR) ... ................... 981

Conrad Ballecer, Amanda Daoud, and Alexander D. Schroeder

Robotic Anterior Component Separation. . .............................. 993
Eduardo Parra Davila, Flavio Malcher de Oliveira, and Carlos Hartmann

Starting a Robotic Abdominal Wall Surgery Programme in Europe ......... 999
Jonathan Douissard, Christian Toso, and Monika E. Hagen

Complications in Robotic Surgery: How to Prevent and Treat? ............. 1005
Sara La Grange, Fahri Gokcal, and Omar Yusef Kudsi

Robotic Transplant Surgery. .. ........... ... .. i, 1009
Ivo G. Tzvetanov, Kiara A. Tulla, and Enrico Benedetti

Part VI Urology Section

93

94

95

96

Robot-Assisted Radical Prostatectomy: Keys to Starting and Succeeding . . . . . 1025
Randy Fagin

Surgical Margin in Robot-Assisted Radical Prostatectomy:
Does It Matter? . . ... ... ... . 1037
Stavros I. Tyritzis

Management of Positive Surgical Margins After Radical Prostatectomy . . . . . . 1047
Ilter Tufek, Omer Burak Argun, Can Obek, and Ali Riza Kural

Key Elements for Approaching Difficult Cases During Urologic
Robotic Surgery .. ........... 1059
Young Hwii Ko and Jun Cheon

Contents



Contents

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

Improving Outcomes for Early Return of Potency ........................ 1073
Oscar Schatloff, Alexandre Mottrie, Darian Kameh, and Vipul R. Patel

Renal Ischemia and Approach to the Renal Hilum in Robotic Partial
Nephrectomy: Tipsand Tricks. . ........ ... ... ... ... ... ... ... ... .... 1081
Craig G. Rogers and Surena F. Matin

Robot-Assisted Partial Nephrectomy .. ........... ... .. .. ... .. ... .... 1091
Juan M. Ochoa-Lopez, Pawel Wisz, Paolo Dell’Oglio, and Alexandre Mottrie
Robot-Assisted Pyeloplasty ............ ... .. .. .. ... i 1105
Ravi Munver, Jennifer Yates, and David M. Albala

Robot-Assisted Ureteral Reimplantation . . .............................. 1117

Pawel Wisz, Peter Penkoff, Erika Palagonia, Alexandre Mottrie,
and Paolo Dell’Oglio

The Role of Robotics in Adrenal Surgery. ............................... 1127
Jose Alexandre Pedrosa, Rafael Ferreira Coelho,
and Michael William McDonald

Step-by-Step Approach to Robotic Cystectomy and Extracorporeal Urinary
Diversion . .. ... .. 1137
Erik P. Castle, Michael E. Woods, Kassem S. Faraj, and Anojan K. Navaratnam

Robotic-Assisted Radical Cystectomy Outcomes. . ... ..................... 1149
Angela Smith, Ramgopal Satyanarayana, Murugesan Manoharan,
and Raj S. Pruthi

Robot-Assisted Radical Cystectomy: The MD Anderson Approach .......... 1159
Vikram M. Narayan and Neema Navai
Robotic Surgery of the Kidney and Ureter in the Pediatric Population . . . . ... 1165

Thomas S. Lendvay and Micah A. Jacobs

Robotic-Assisted Laparoscopic Ileocystoplasty and Mitrofanoff
Appendicovesicostomy: Technique and Updated Experience. . .............. 1175
Pankaj P. Dangle and Mohan Gundeti

Preparation of the Operating Room, Back Table, and Surgical Team. . . . . . ... 1183
Cathy Jenson Corder, Rafael Ferreira Coelho,
and Giuliano Betoni Guglielmetti

Enhanced Recovery After Surgery (ERAS) in Urology: Where Do We

Go From Here? . . ... ... . . 1189
Preston S. Kerr and Stephen B. Williams

ERAS Protocol in RARP . . ... ... . 1201
Joseph Byron John and John Samuel McGrath

CUSUM Analysis and the Learning Curve. . . ............................ 1211

Alexander M. Turner and Ram Subramaniam

Part VII Gynecology Section

112

The US Perspective of Benefit of Minimally Invasive Surgery: Why Is This
Important NOw? . ... ... 1217
Gaby N. Moawad, Savannah Smith, and Jordan Klebanoff



XXii

113

114

115

116

117

118

119

120

121

Port Placement and Patient Cart Docking for Robot-Assisted Gynecologic
SULGeLY . . o .o
Erica Schipper and Camran Nezhat

Robot-Assisted Laparoscopic Myomectomy. ... ..........................
Jila Senemar

Genital and Extragenital Endometriosis: Video-Laparoscopic with Robotic
ASSIStANCE. . . ... .
Nataliya Vang, Mailinh Vu, Chandhana Paka, M. Ali Parsa, Azadeh Nezhat,

Ceana H. Nezhat, and Kavya S. Chavali

Robot-Assisted Laparoscopic Hysterectomy .............................
Adi Katz and Ceana H. Nezhat

Video Laparoscopic Management of Adnexal Masses With or

Without RoboticAssistance . . ......... ... ... ... ... . ... ... . .. . .. . .. ...
Camran Nezhat, Louise P. King, Jennifer Cho, Mailinh Vu, Nataliya Vang,

and Farr Nezhat

Robot-Assisted Laparoscopic Microscopic Tubal Anastomeosis . .............
Melinda B. Henne

Robotic-Assisted Laparoscopic Surgery and Pelvic Floor ..................
Nataliya Vang, Mailinh Vu, Chandhana Paka, M. Ali Parsa, and Camran Nezhat

Complications in Robotic-Assisted Video Laparoscopic Surgery ............
Camran Nezhat, Elizabeth Buescher, Mailinh Vu, and Nataliya Vang

Robotic Single-Site Gyn Surgery.......... ... .. ... .. .. . i
Daniele Geras Fuhrich, Kudrit Riana Kahlon, Jacklyn Locklear,
and Aileen Caceres

Part VIII Gynecology Oncology Section

122

123

124

Robotic Surgery and Physician Wellness in Gynecologic Oncology ..........
Martin A. Martino, Andrea Johnson, Joseph E. Patruno, and Pedro F. Escobar

Single-Site Robotic Surgery in Gynecology . .............................
Ricardo Estape

Robotic-Assisted Radical Hysterectomy and Trachelectomy .. ..............
Farr Nezhat, Anthony Marco Corbo, and Nisha A. Lakhi

Part IX Cardiovascular Section

125

126

127

128

Robotic CABG via Minithoracotomy: Advantages, Challenges, and Pitfalls . . .
Robert Poston

Robotically Assisted Hybrid Coronary Intervention. ... ...................
Johannes Bonatti, Ravi Nair, Tomislav Mihaljevic, Eric Lehr, Guy Friedrich,
Jeffrey D. Lee, Mark Vesely, and David Zimrin

Robotic Mitral Valve Repair .......... ... ... .. .. .. .. .. .. ... ....
Raphaelle A. Chemtob, Per Wierup, Daniel J. P. Burns, and A. Marc Gillinov

Robot-Assisted Vascular Surgery ................ .. .. .. .. ... ...,
Petr Stadler

Contents



Contents

129

130

131

132

133

xxiii
Part X Colorectal Section

Robotic Colorectal Surgery: General Considerations. . .................... 1385
Eduardo Parra Davila, Carlos Hartmann, Carlos Eduardo Rodriguez,
and Aaliya Ali
Institutional Economics in Robotic Colorectal Surgery .................... 1389
Paolo Pietro Bianchi and Giampaolo Formisano
Robotic Colectomy with CME. . .......... ... .. .. ... ... ... ........... 1395
Giuseppe Spinoglio, Wanda Petz, Emilio Bertani, and Dario Ribero
Robotic Left Colectomy with CME. . .......... ... ... ... . ............ 1403
Paolo Pietro Bianchi, Giuseppe Giuliani, and Giampaolo Formisano
Robotic Right Colectomy: The Italian Experience ..................... ... 1409

134

135

136

137

138

139

140

141

142

143

144

Paolo Pietro Bianchi, Adelona Salaj, Giuseppe Giuliani, Dimitri Krizzuk,
and Giampaolo Formisano

Minimally Invasive Right Colectomy: Extracorporeal Versus Intracorporeal
ANastomosiS. . . ... ... 1415
Marcos Gémez Ruiz and Manuel Gémez Fleitas

Single-Site Minimally Invasive Colectomy . .............................. 1419
Salini Hota, Ada E. Graham, Salvatore Parascandola, Mayou Martin T. Tampo,
and Vincent James Obias

The Technique of a Robotic Low Anterior Resection . ..................... 1425
Patricia Tejedor and Jim S. Khan

Robotic Total Mesorectal Excision for Rectal Cancer...................... 1433
Slawomir Marecik, Kunal Kochar, and John Park

Robotic Transanal Surgery and Navigation for Rectal Neoplasia . ........... 1445

Sam Atallah and Brenden Berrios

Pelvic Nerve Function and Robotic Pelvic Surgery: Is There

Trevor M.-Y. Yeung and Jim S. Khan

Optimizing Sexual and Urinary Outcomes in Robotic TME ................ 1461
Fabrizio Luca and Maheswari Senthil
Robotic Rectal Cancer Surgery: Is There Life After ROLARR?............. 1469

James Toh, Sinan Albayati, Yi Liang, Kevin Phan, Hanumant Chouhan,
Satish Kumar Warrier, Thomas Surya Suhardja, Tae Hoon Lee,
and Seon-Hahn Kim

Robotic Rectal Prolapse Repair. .. ............ ... ... .. ... ... .. ....... 1479
Emma M. van der Schans, P. M. Verheijen, Ivo A. M. J. Broeders,
and E. C. J. Consten

Benign Diseases: Does the Robot Make Sense? ... ........................ 1489
Giuseppe Spinoglio, Domenico Lo Conte, Alfredo Mellano, and Dario Ribero
Future and Other Robotic Platforms ............ ... .. .. .. .. ... .... 1501

Jessie Paull, Salvatore Parascandola, and Vincent James Obias



XXiv

Part XI Otolaryngology Section

145

146

147

148

149

150

Bilateral Axillo-Breast Approach (BABA) Robotic Thyroidectomy. . ... ...

June Young Choi and Kyu Eun Lee

Endoscopic and Robotic Thyroidectomy .............................

Nader Sadeghi and Keith Richardson

Management of Sleep Apnea . .............. .. ... ... .. ...

Claudio Vicini, Filippo Montevecchi, Iacopo Dallan, Giuseppe Meccariello,
Giannicola Iannella, and Giovanni Cammaroto

Transoral Robotic Surgery for Tonsillar Neoplasms. ... ................

Eric J. Moore

Transoral Robotic Surgery for Supraglottic Neoplasms. ................

J. Drew Prosser and C. Arturo Solares

Future of Robotics in Otolaryngology—Head and Neck Surgery ..........

Kiran Kakarala and Enver Ozer

Contents



®

Check for
updates

Achieving Financial Optimization
of a da Vinci Robotic Program While

14

Achieving Best Clinical Outcomes

Josh Feldstein and Herb Coussons

14.1 Introduction

Today, there is a steady and highly desirable migration from
open to minimally invasive surgery (MIS) worldwide [1].
Yet, the number of annual global MIS cases, estimated at 20
million, represents only a small percentage of the total 100
million surgeries performed globally each year [2, 3].

Within the subset of MIS cases lies da Vinci-based
robotics, with its comparatively small—but steadily
increasing—robotic case volume, estimated at approxi-
mately one million surgeries annually, performed at an esti-
mated 3000 US and 2000 European/Asian da Vinci robotic
programs worldwide [4].

Even though growth in robotic surgery demands the atten-
tion of administrative and clinical leadership, robotic surgery
still plays a relatively minor role in the overall surgical pro-
gram compared to other surgical service lines. However,
when the annual case volume of surgical service lines such
as orthopedics, neuro/spine, cardiac, and trauma is added to
the da Vinci case volume, the total number of robotic cases
becomes considerably more significant. The overall global
minimally invasive surgery market is forecast to be worth
$36.5B USD in 2018, and it is forecast to grow to $58B USD
in 5 years [5]. Robotic programs are thus expected to con-
tinue their steady growth over the coming decade and
beyond. Real-world experience suggests that this expansion
is rooted in factors ranging from improved clinical experi-
ence for patients and surgeons to fiscal factors, aggressive
vendor marketing, surgeon preference, and hospital-to-
hospital competition in order to attract patients and to recruit
new and established robotic surgeons and personnel.

Moreover, hospital administrators and surgical leadership
face an increasing number of robotic vendors and technolo-
gies, creating considerable pressure to launch new—or
expand existing—robotic programs across an ever-growing
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array of surgical service lines and case types. Additional
challenges faced by hospitals include the onus of rigorous
documentation requirements for evaluating surgeon skills,
outcomes, and ongoing performance. This collectively
necessitates more comprehensive approaches to robotic pro-
gram governance, expansion in supply/reposable manage-
ment, improved approaches to surgeon and crew training, the
need for ever more powerful data management and superior
analytics, and more.

14.2 Creating a Robotic Program

One common oversight of many new and even existing
robotic programs is the belief that having robotic surgeons
and one or more robots means that the hospital has a robotic
program.

A robotic program, to be sure, requires surgeons and tech-
nology, but that does not qualify as a program. To achieve
desired programmatic outcomes, the seamless integration of
robotic stakeholders—governed by a unified body of plan-
ning, objectives, policies, and procedures—is needed to
achieve the goal (Fig. 14.1). Administration, surgeons, and
technology, working together, must incorporate operational
goals, strategic planning, tactics, clearly defined stakeholder
roles and responsibilities, comprehensive approaches to sur-
geon and crew training, performance benchmarking, team
communication, accountability, and continuous improve-
ment processes. These initiatives must be aimed at driving
the value of robotics and new robotic technologies. The bot-
tom line is that improved quality together with lower costs
contributes value to the healthcare system. All stakeholders
must align on these goals, identify the available metrics and
data necessary to corroborate improved performance, and
work as a team to achieve these improvements and best prac-
tice standards.

In the absence of strong provider-administration align-
ment—or faced with poor surgeon performance metrics, or
lack of governance policies, or weak data management and
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Fig. 14.1 Robotic
stakeholder integration
and interreliance

analytics—significant programmatic dysfunction likely
results. Patients will suffer from increased risk and lower
quality clinical outcomes, and the hospital will suffer from
increased cost and lower margins. Given that robotics is a
“team sport,” the optimal contribution of all stakeholders
across multiple categories of activities is essential.

14.3 From Program Launch to Best
Practice: The Path to Maturity

In the early phase of a new robotic program, most hospitals
depend on their robotic technology vendor(s) for basic train-
ing and “quick start” program support. Once the program
advances to even modest annual case volumes, however, a
wide range of critical management issues typically emerge,
thus begging the question how does a hospital or integrated
delivery network (IDN) optimize its massive, and usually
ever-expanding, investment in robotic technologies? At this
point, the vendor—client relationship typically becomes less
helpful programmatically.

To be clear, the management of a robotic program to a level
of best practice requires knowledge that goes considerably
beyond what the robotic technology vendor provides, and
beyond what most hospital administrators and clinicians acquire
during their hard-fought robotic program on-the-job training
experience. Vendor-sponsored “‘solutions” to program manage-
ment often leave customers questioning their recommendations
and materials, given the obvious commercial motives of indus-
try to sell more technology and supplies to end users.

14.4 Appropriate Robotic Patient Selection

Not all MIS cases should be performed robotically for a vari-
ety of reasons; appropriate robotic patient selection is there-
fore very important. A more comprehensive surgical strategy
should be implemented to derive maximum value from
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robotics for the hospital/IDN and its patients. The fact is,
understanding comprehensive robotic performance metrics
beyond merely the cost of capital equipment and ongoing
robotic supply acquisition is outside the scope of the vendor
relationship. This is why such things as surgeon credential-
ing, privileging, clinical outcomes data management, staff-
ing decisions, nonrobotic supply utilization, payer issues,
case scheduling, robot access strategies, and policies—and
many other “local decisions”—should not be influenced by
vendors who are motivated by sales and increasing case
volumes.

Another important component of every robotic program
is surgeon training. Hospitals with adequate clinical and
financial data on historical open and laparoscopic cases are
better positioned to make wise choices regarding how best to
train their robotic surgeons. The long-range goal is always to
achieve improved comparative value in robotics vs open and
laparoscopic cases. Adequate case volume to support the
learning curve is a key component of surgeon selection: low
volume robotic surgeons may never progress through the
learning curve itself [6].

14.5 Cases Complexity Designations

Another framework to help assure appropriate case selection
lies in the use of classifying robotic case complexity. For
example, some robotic programs classify cases as either low
complexity (simple or basic cases) as opposed to complex
(or advanced) cases. In general, surgeons should use simpler
procedures for approximately the first 20 robotic cases until
comfort with the robotic controls is second nature and atten-
tion can be focused on the steps of more complex cases
rather than the robotic controls. Best practice programs also
recognize that low margin cases are better for training than
high margin cases. This is because, from a financial perspec-
tive, longer operating room (OR) times, typical during the
learning curve, are more acceptable in cases with lower prof-
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itability. Said another way, longer case times may have an
unacceptable, negative impact on higher margin cases, thus
impacting the profitability of surgery as a whole in the hospi-
tal. Often, it becomes clear that some surgeons and some
cases are not appropriate robotic cases; in these situations,
surgery should continue to be done laparoscopically [7].

At the end of the day, achieving strong fiscal and clinical
return on investment remains a key—yet often illusive—
objective for many administrative and clinical leaders, com-
monly faced with running their robotic program through trial
and error, peer-to-peer exchange with colleagues, findings
provided in peer review literature, and limited vendor-based
intel—for better and for worse.

14.6 Stumbling Blocks: Defining
the Problems

Robotic surgery entered the market in the era of big data
development [8]. Heading into the 2020s, electronic medical
records (EMR), cost accounting, and supply data are cap-
tured to a degree unknown 30 years ago during the launch of
laparoscopy. This significantly more-focused orientation
toward data, which coincided with the advent of value-based
healthcare, helped drive the desire to assess to what degree
robotic surgery was equivalent to, if not better than, open and
laparoscopic surgery both financially and clinically [9].

The initial comparison of robotic surgery to laparoscopy
was also driven by the regulatory approval process followed
by the FDA and Intuitive Surgical. The benchmark for safety
and equivalency was laparoscopy. Robotics was not treated
like a new technology, but rather as a comparative technol-
ogy to laparoscopy. As a result, clinical efficacy data were
lacking at launch; it would be at least a decade before case-
specific efficacy data were published in the literature.

This focus on comparing robotics to laparoscopy served
to introduce several confounding variables into the early
clinical and financial results. No new procedure codes were
introduced, meaning that robotic case reimbursement was
and remains nearly equivalent to laparoscopy despite some
early hospital billing practices that attempted to upcharge for
robotic surgery. Clinical outcomes and costs associated with
robotic surgery were also reported in the literature early on
as uptake of robotics was developing and at a time when sur-
geon learning curves had a powerful impact on operative
times, supply utilization, clinical outcomes, and costs. Yet
during the first decade of robotic surgery adoption, the learn-
ing curve was almost ignored in the comparative studies. As
a result, the fiscal and clinical findings pertaining to robotic
surgery in the early 2000s were not compelling, but also not
dissimilar to that of laparoscopy in the late 1980s.

By 2008, the quality and efficiency of robotic surgery was
viewed as inferior to laparoscopic surgery (i.e., longer

robotic case times and increased cost with similar outcomes
to laparoscopy at best). As scores of early papers studying
robotics emerged in the peer review literature during this era,
clinical and financial outcomes largely centered around uro-
logic- and gynecologic- specific robotic surgery that rein-
forced the perception of robotics costing too much and taking
too long vs. laparoscopy. Soon, this perception became real-
ity for many surgeons and administrators as they too gener-
ated similar results at their institutions due to lack of
understanding that robotic surgery is not a modification of
laparoscopy, but rather is a paradigm shift in the way surgery
is performed. With the notable exception of prostate surgery,
this viewpoint is still common today.

However, during this phase of robotic development, some
insightful surgeons also began to observe an emerging trend. As
a surgeon’s annual robotic case volume increased, the efficiency
of his or her cases increased (i.e., shorter case times) together
with reduction in costs (associated with less consumption of da
Vinci and non—da Vinci supplies). In the hands of increasingly
experienced robotic surgeons, with an eye to appropriate case
selection, certain performance metrics (i.e., reduced length of
stay (LOS) and readmissions vs. laparoscopy) for certain robotic
case types began to equal or even overtake equivalent laparo-
scopic cases, notably in hysterectomy and other benign Gyn
case types. Robotic patient satisfaction scores were also higher
in many areas, centered around reduced pain and qualitative fac-
tors like perceived faster return to work [10]. Additional clinical
evidence developed supporting improvements in blood loss,
transfusion risk, infection rates, wound complications, readmis-
sions, reoperations, and case-specific outcomes improvements.
Studies were also published that attempted to quantify the
robotic surgery learning curve as well as case volumes neces-
sary to attain proficiency [11].

As time went on, some leading robotic surgeons began to
advance the notion that, to achieve more cost-effective
robotic surgery, it was very important for surgeons to under-
stand that robotic surgery should be thought of as more
closely aligned with open surgery in its use of supplies rather
than being a duplicative surgical approach mirroring laparos-
copy, except with an extra layer of expensive robotic tech-
nology added on top of it. Expensive single-use disposable
devices to mitigate the shortcomings of laparoscopy were no
longer needed for robotic surgery. Improved suturing capa-
bility and reposable energy devices could replace these
single-use devices. This key insight helped to shift the cost
equation in robotics toward not only equality with lap in a
large number of Gyn and general surgery cases, but even
superiority in some procedures [12].

While robotic programs struggled to untangle the guiding
principles, policies, and procedures necessary to codify and
scale these early insights into a systematic approach to run-
ning a robotic program, the burgeoning demand for robotic
technologies pushed program management into the
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background. There was no robotic program play book to rely
upon as patient demand, market demand, aggressive vendor
marketing, and surgeon preference ruled the day. Adding
more complexity to this dynamic were the challenges faced
when IDNs sought to integrate disparate robotic programs
from among multiple hospitals within a single system (each
facility often with a different program scope and perfor-
mance level, sometimes using differing EMR or accounting
software) into a unified program and governance body. The
net result was a blank check mentality on the part of hospital
administration who felt compelled to support robotic pro-
grams and robotic surgery despite a lack of coherence regard-
ing program governance, and in many cases, demonstrated
clinical or fiscal value.

14.7 Data as the Critical Denominator

Looking for a common denominator to address this opera-
tional challenge, data were, and remain, the key. Data must
be recorded on case times, costs (both da Vinci- and non—-da
Vinci-related), clinical performance, and select quality
parameters (such as estimated blood loss, length of stay, and
complications), though those endpoints remain infrequently
captured. For most institutions, the question was whether the
needed data were available. If it was, was it accurate? How
should it be analyzed? What fiscal and operational perfor-
mance benchmarks could be used? How could a surgeon, let
alone a nonclinical administrator, make sense of such com-
parative data on cost, or case time, or clinical quality? In the
early going of robotic surgery, there were few reliable
answers to these questions.

Fifteen years later, although many more answers are
available, many institutions continue to struggle through
these issues [13]. Although they operate in a robust data

Fig. 14.2 Program
excellence

PHASE I:
DATA AND
ANALYTICS

environment, it is one typically maladapted to the strategic
needs of institutional leadership, that is, the desired data
exist to some extent, but without a structured approach to
integration, normalization, and analysis.

14.8 Data Management Must Include
Powerful Analytics

Data accuracy is critical for a robotic program to achieve
optimal financial and clinical performance. However, facili-
ties must also include the analytics that derive from the nor-
malized, audited data. Whether this capability is achieved
through a custom-designed software application or through a
consultant/third-party vendor, robotic program leadership
must have access to essential data analytics in order to
achieve lower costs, financial performance improvement,
and superior program efficiency/clinical quality. The goal is
reliable, fully transparent performance reporting, aligned
with best practice robotic benchmarks, to drive improvement
in cost, profitability, case time, throughput efficiencies, sup-
ply and reposable utilization, case selection, comparison of
surgeon performance metrics, complications, readmissions,
reoperations, patient satisfaction, and many other quality and
operational metrics (Fig. 14.2).

One example of an analytic platform that facilitates
robotic program optimization is summarized, in part,
below. Called CAVAlytics™ (CAVA Robotics International,
LLC), this software application and real-world surgical
performance database ingests and translates hospital EMR,
cost accounting, and supply data into actionable informa-
tion for hospital leadership. The software sits on a large
surgical database of open, laparoscopic, and robotic cases
that enables the data of a given hospital/IDN to be sorted,
filtered, and compared in a meaningful way to assess per-
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Fig. 14.3 Example of a Robotic Program Data Analytic Platform. © 2019 CAVA Robotics International, LLC. (Reprinted with permission)

formance and to drive change. Ingested data include
audited clinical, cost, and supply records. The platform
filters data for date ranges, individual surgical procedures,
and any specific robotic surgery case type or surgeon in the
database. Time study metrics are included examining
robotic team performance such as patient in room to inci-
sion time, incision close to patient out of room to recovery
in the post-anesthesia care unit (PACU), and many others.
All time stamps captured by the EMR or other facility soft-
ware can be analyzed or filtered by location, case type, sur-
geon, or any other custom-designed metrics. These filters
carry forward throughout the analyses of supplies to enable
screening for high-cost items, comparing individual sur-
geons’ supply variation and average usage on any given
month or day. Monthly reports are provided for committee
meetings, providing transparent illustration of compara-
tive surgeon-by-surgeon benchmarking, including cost,
supplies, case time, and select quality metrics (Fig. 14.3).

14.9 Program Optimization: Other Key
Factors

Once the full complement of data management and analytics
are in place, a central and significant component of the pro-
gram’s infrastructure has been realized. But excellent data
management and analytics by itself does not produce robotic
program optimization. Other key factors include the
following:

e Engaged clinical personnel

e Clearly defined vision/objectives for the program

e Strong clinical and administrative leadership with excel-
lent alignment

*  Program infrastructure: committee/governance structure
and policies

e A well-trained, experienced robotic coordinator

* A surgeon training program and policies, including
simulation

e Clear surgeon credentialing and privileging pathways

* An OR crew training program

e Credentialing and privileging policies and procedures

* A high-quality business plan and pro forma focusing on
healthy growth

e Stakeholder accountability

e A robotic culture of performance transparency

e A clearly defined technology footprint and contracting

e Superior scheduling policies and procedures

e Technology management and troubleshooting

* A vendor management policy

As noted earlier, robotics is truly a team sport when per-
formed at the highest level. Taken as a whole, the key dimen-
sions of functionality in the list above integrate into a
well-run robotic steering committee, driven by an experi-
enced robotic coordinator and supported by an engaged
robotic chair, a surgeon steering committee, and administra-
tion, all of whom cross reference each other in a path to best
practice performance optimization.
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14.10 The Stages of Program Maturity

Moreover, there is a continuum of maturity that a robotic
program moves through, encompassing close to two dozen
distinct categories or dimensions of activity. Each one of
these dimensions effectively stages the status of the robotic
program, charting not only its progress but illuminating what
work remains going forward to achieve the desired best prac-
tice performance objectives.

Examining the stages of maturity for each element of pro-
gram performance, there are four distinct stages: Ad Hoc,
Reactive, Good, and Best Practice (Table 14.1).

Most robotic programs begin, as noted earlier, in a state of
weak overall management. Many of the key dimensions of

Table 14.1 Robotic program maturity

ROBOTIC PROGRAM MATURITY

program optimization are unknown or approached in a make-
shift manner. This stage of program management is catego-
rized as “Ad Hoc.”

As a program advances, it becomes clearer that there
are indeed many different elements at play in the opera-
tion of the robotic enterprise, yet a largely passive
approach continues, with stakeholders typically reacting
to issues on an ongoing basis. Appropriately, this stage of
management is categorized as ‘“Reactive.” Both the Ad
Hoc and Reactive stages of robotic program management
leave a program experiencing highly significant program-
matic variability in terms of supply and reposable use,
surgeon performance/training, operational efficiency, and
patient satisfaction, and almost always results in higher

CAVA Robotics Program Category
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. Program Vision and Strategy

Best
Practice

Good

. Administrative Leadership

w | N

. Surgeon Selection, Credentialing, and Privileging

4. Surgeon Training, Mentoring, and Learning Curve

5. Surgeon Quality Metrics

6. Crew and RN Training and Performance Standards

7. Program Governance, Policies, and Procedures

8. Clinical and Med Exec Leadership Integration

9. Data Collection, Integrity, and IT Management

10. Data Analytics and Reporting

11. Stakeholder Accountability

12. Reposible and Supply Management

13. Optimizing Patient Outcomes

14. CAVA Best Practice Program Design

15. Cost-Effectiveness

16. Financial Performance and Cost Accounting

17. Vendor Management, Data Sources, and Tools

18. Technology Footprint and Agnostic Planning

19. Centralized Communications

20. Med Mal / Risk Management

21. MIS and Robotics: Planning for the Future
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costs and weak overall financial performance together
with suboptimal quality.

The next stage in robotic program maturity is categorized
as “Good.” A simple term, but with important performance
implications, the Good stage reflects a robotic enterprise that
has a proactive, strategic, and planful approach to each
clearly defined area of its program. It has crafted a defined
vision. Administrative leadership is engaged and aligned
with the mission and performance targets of its surgeons.
Surgeon credentialing, training, and policies are drafted and
integrated into Med Exec functions and oversight. The pro-
gram operates on the basis of sound data management and
analytics. Governance of the robotic committee and the per-
formance of all stakeholders are coordinated in an environ-
ment of accountability and transparency. The program is
profitable and patients are consistently pleased with their
robotic surgical experience.

Next, the most advanced stage on the robotic program
maturity map is “Best Practice,” achieved when a Good pro-
gram achieves top tenth percentile performance or better in
each quantifiable clinical and financial category, and it is con-
currently in alignment with best practice policies and proce-
dures in all other operational and qualitative categories.

14.11 Management of the Surgeon
Learning Curve

Every robotic program faces the challenge of providing
training and clinical support to its surgeons regarding ongo-
ing performance quality. This challenge is most pronounced

Composite score and Learning Curve

Composite score by Volume

Fig. 14.4 Composite surgeon quality scoring

during the learning curve for all new robotic surgeons.
During this phase, the robotic surgeon’s focus is on skill
acquisition and gaining clinical and technical experience,
with case efficiency and cost-consciousness set aside. The
objective for all stakeholders is to move the surgeon through
the learning curve phase as safely, quickly, and correctly as
possible. The faster and better this occurs, the shorter the
period of risk to the patient as well as to the bottom line of
the robotic program.

Management of the surgeon learning curve presents a
steep incline for the vast majority of robotic programs, and
quite often, it results in a scenario where, unbeknownst to
administration, a large percentage of a hospital’s robotic sur-
geons remain in the learning curve for an unacceptably long,
costly period of time. Some surgeons, in fact, never progress
through it, despite the fact that they may be into their 50th
robotic case or beyond. Ongoing monitoring of case volume,
operative times, cost, and a few basic clinical metrics can
help identify surgeons who are lagging in development.

Figure 14.4 illustrates an actual IDN’s scattergram of
weighted composite quality metrics (case time and case
costs) associated with a distribution of its robotic surgeon.
Here, more than 50% of the surgeons failed to meet the mini-
mum overall quality performance level target, defined by the
dotted red trend line. If a robotic surgeon is represented
below the learning curve, that surgeon exposes the patient
and the hospital to increased clinical risks and costs the hos-
pital more due to increased supply and reposable consump-
tion together with the costs associated with increased OR
time. Moreover, and sometimes far more significantly, the
total cost of care goes up, due to increases in reoperations
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and readmissions. The robotic surgeon learning curve also
has an impact on patients in terms of realizing (or failing to
realize) all the potential clinical benefits that MIS offers. The
bottom line is that the value of robotics goes down when
costs go up and quality goes down.

What steps can be taken to address this weakness in the
path to program optimization? Often, it is very difficult for a
program to extract and assess the kind of insight they need to
assess learning curve issues. They may have limited data
access, or they may have a wide variation in software and
systems within their IDN making head-to-head surgeon per-
formance comparisons difficult to track in a meaningful way.
Creating a weighted scoring system can help manage this
issue under these circumstances.

For example, what is plotted in Fig. 14.5 is a distribution
of weighted surgeon quality performance scores before a
quality improvement intervention; the same surgeons are
then plotted post quality improvement. Interventions
included video case capture reviewed by senior mentor
robotic surgeons; specific live OR training with surgeons and
crew when needed; and a curriculum of simulation and train-
ing. Transparent reporting of all clinical and financial perfor-
mance data often results in surgeon improvement because
peer-to-peer monitoring and reporting drives competitive
surgeons to strive toward personal improvement. The scat-
tergram pre-intervention has a red trend line that mimics the
majority of other robotic learning curves seen in the pub-
lished literature [14-16].

Below, the red trend line is surgeon performance/quality
metrics that need to improve to above the red tend line, even
if it means dropping case volume for a short period of time.
The goal was for the hospital to have as many of its surgeons
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tightly parked in the upper left corner, above the red trend
line, postintervention, which it accomplished.

14.12 Standardized Cost Accounting
Methods

Another key to driving a robotic program to financial and
clinical optimization and best practice performance is being
certain that robotic cost accounting methodologies are con-
sistent and applied in an equivalent manner to those of lap-
aroscopic technology. Capital and service costs are often
included for the robot and are distributed across the case
volume equally, whereas capital costs associated with lapa-
roscopy are usually never applied in this way to the laparo-
scopic cases. Complicating such an assessment is the lack
of standardized cost accounting methodologies among hos-
pitals. Robotic capital costs are frequently amortized across
all robotic cases. Yet when capital costing data are pulled
for traditional laparoscopy, orthopedics, and other
procedure-based service lines, facilities frequently follow
different cost accounting methodologies. Comparing the
actual direct and total costs of a da Vinci robot vs. other
surgical technologies is therefore challenging. For exam-
ple, some hospitals place robotic surgery in the highest cost
tier and add a per-minute surcharge to the case for specific
portions of the case to cover the high instrument cost. Some
capitalize the cost of the instruments. Some track the use of
each instrument in order to capture the actual cost per use.
Only when compared correctly to lap and other service
lines is it possible to achieve an equitable comparative cost
assessment with robotics.
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14.13 Summary: The Key Steps to Robotic
Program Optimization

Achieving financial optimization of a da Vinci robotic pro-
gram while achieving best clinical outcomes is a team pro-
cess requiring multiple concurrent, proactive, data-driven
steps by clinical and administrative stakeholders working
together closely, guided by a clear programmatic vision, pol-
icies, procedures, accountability, and performance transpar-
ency. The vision and goals should always focus on improved
value directly related to improved clinical quality at a lower
cost. Alignment with the guidelines outlined in this chapter
helps a program advance from the earlier stages of a pro-
gram’s life cycle to that of a mature, well-structured, strate-
gically sound enterprise that enjoys profitability, efficiency,
and, above all, high-quality healthcare delivery to patients
seeking the significant benefits of minimally invasive sur-
gery in general and robotic surgery in particular.
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