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Preface

Knowledge is learning something new every day;
Wisdom is letting go of something every day. —Zen Proverb

From antiquity until now, the beginning of the third decade of the twenty-first century, the
application of surgical principles for treatment of biliary stone disease has depended on newer
technologies that have allowed a safer and more precise approach to the biliary system. The
introduction of open surgical techniques is the bedrock of this surgical journey and is high-
lighted in this book through the unique contributions of Hans Kehr working in the German
School of Surgery. From the late nineteenth century until the latter part of the twentieth cen-
tury, the principles of open surgery were supported by tremendous improvements in anesthetic
care and the application of imaging techniques not dreamed of by Kehr and his colleagues.

In the late 1980s, the laparoscope ushered in a virtual revolution in the approach to gallblad-
der pathology and biliary stone disease. This “disruptive” technology created an upheaval in
every facet of surgery—working through scopes, visualization from operating room monitors,
and application of surgical strategies that contributed to patient improvements but, unfortu-
nately, in many cases to detrimental outcomes. Training in these newer, non-traditional
approaches also suffered in that adherence to principles of open surgery was frequently
eschewed. The application of operative biliary imaging, although advocated by some, was not
adhered to by many others.

This incredible story, launched by Hans Kehr and Carl Langenbuch in Germany, continues
to unfold in operating suites around the world today. This book is a tribute to early pioneers
and later innovators in applications of surgical principles for biliary stone disease. It is also
written as a challenge to all surgeons applying these principles to approach the biliary system
with the safest and most appropriate technical support. This book is also written as a challenge
to all those involved in the training of future generations of surgeons in the hope that critical
standards in biliary surgical management will be promulgated and highlighted.

To enhance this book, we have invited current surgical leaders who played a vital part in the
modern management of biliary stone disease to contribute their perceptions, wisdom, and rec-
ommendations for the future to this book. It is our hope that by highlighting the contributions
of both early surgical giants and modern surgical leaders, a coherent message will evolve that
current surgical management, while good, is not perfect. We hope that you, our readers, will
benefit from this historical approach that is carried forward to current-day management. We
hope we will all benefit from the lessons learned. Finally, we hope that this treatise stimulates
all to discover ways to make the surgical management of biliary stone disease even better.

Los Angeles, CA, USA George Berci
Charlotte, NC, USA Frederick L. Greene

January 2021
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Introduction

January 2021

The story of cholecystectomy presents a rich tableau of adventuresome surgeons and bril-
liant innovators. In the late nineteenth century, giants such Hans Kehr advanced the field
through impeccable anatomic studies which he and his collaborators selflessly shared with an
international audience. A century later, it was fitting that the minimally invasive removal of the
gallbladder was the single most impactful advance of that surgical revolution.

This volume, thoughtfully curated by two eminent surgical scholars, provides perhaps the
most complete history of the field. In the telling, Drs. Berci and Greene have enlisted a remark-
able panel of distinguished colleagues from around the world. Virtually, every important ele-
ment of surgical practice is discussed with wisdom and perspective: the resourcefulness of
developing novel optics and instruments on “the fly”’; the integration of new imaging capabili-
ties into pre-operative assessments and intraoperative management; the challenge of educating
prideful senior surgeons, ill at ease with the distance imposed by a laparoscope; the introduc-
tion of progressively more elegant ex vivo modules to train inexperienced juniors with limited
open operative experience; and, finally, the never-ending task of ensuring the safety of one of
the most common operations performed in the world, yet one with a persistent, if small, risk of
life-altering injury to the biliary ducts.

And one more thing, it is a joy to read. The accounts the contributors share are deeply per-
sonal and inspiring. They recapture in detail the excitement they experienced as the field was
catapulted forward, offering millions of patients new options for health and longevity. It is a
story worth telling — and remembering.

Bruce L. Gewertz, MD, FACS

Professor of Surgery Chair

Department of Surgery Cedars Sinai Medical Center
Los Angeles, California, USA

Xi



PartI Kehr and His Textbook

The History of Biliary Stone Disease. . ......... ... ... ... ... ... .. ... ..... 3
References. . . ... ..o 5
Professor Dr. Hans Kehr (1862-1916). ... .......... ... ... ... . ... ... ...... 7
References. . .. ... 10
Translation of Professor Dr. Hans Kehr . .. ....... ... .. ... .. ... ..... 11
INSrUmMENtS . . . ..o 18
Description of Surgical Cases (Bilingual) Translation........................ 20
The Anatomy and Variations of Important Structures. . .................... 27
Biliary Stones. . . .. .. .. 33
Summarized Case Report . . ... ... 37
Gallbladders with Carcinomas . . ..........ouutiritn e, 46
Preoperative Position . ....... ... . . 48
SUL Y. . oot 49
Summarized Detail of 68 Operated Cases ..............c.oiiiiiiiennn.. 53
Mortality: 7 Cases (9.3%0) . . . oot e 53

Part I The Gallbladder and Adjacent Structures

7

10

11

History of EndoscCopy . . .. ...t e 57
Maximilian Nitze (1849-1906), Germany . . ...........c.c.uuieniinennenen .. 59
Hans Christian Jacobeus [2] (1879-1937), Sweden. . ........................ 60
References. . ..ot 60
Early Biliary Surgeons . . .. ... . 61
References. . ..ot 63
Early American Surgeons. . .. ......... ... e 65
References. . . ... 68
Endoscopy . .. ... e 69
References. . . ... 71
LaparosCopy . .. ...t 73
Heinz Kalk (1895-1973), Germany ... .........c.uuntniniinininennenen .. 74
John Ruddock (1891-1964), USA . ... . i et 74
References. . . ..ot 74

Xiii



Xiv

12

13

14

15

16

17

Advances in Visualization for Laparoscopic Surgery ....................... 75
References. . .. ... 78
Laparoscopic Cholecystectomies. . .. ........... ... ... ... ... ... ....... 79
References. . . ..o 83
Cholangiography in the Operating Room ................................ 85
J. Andrew Hamlin

Standard Operative Cholangiography [6] .. ... ... ... .. ... 86
Operative Fluoro-Cholangiography . ......... ... ... . . ... 87
Benefits of the Cholangiogram. . .......... .. ... . .. 88
Biliary Ductal Anatomy . .. ....ot ittt 88
Biliary DUct Stones. . ... ..ot 89
References. . . ... 90
Bile Duct Injuries . . .......... . . . . 93
References. . .. ... 96
Common Bile Duct Stones and Choledocholithotomy. .. ................. .. 97
CBD StOnes. . ..ottt 97
References. . . ..o 100
Laparoscopic Cholecystectomy: Introduction, Uptake,

Maturity, and Impact on Surgical Practice—Personal

Reflections from the Shop Floor .. ............ ... ... ... .............. 101
Alfred Cuschieri

Introduction. . . . ... .. e 101
Nomenclature and Origin of Laparoscopic Surgery/Cholecystectomy ........... 102
General Considerations. . . ... ..vu ettt 103
Initial Nosocomial Surgical Epidemic . .......... .. ... .. .. .. ... .. .. .... 105
Techniques of Laparoscopic Cholecystectomy. ... ..., 108
Patients with Symptomatic Gallstones and Ductal Calculi. .. .................. 109
Day Case/Ambulatory LC. . . ... ... 110
Bleeding Complications Associated with LC......... .. .. .. .. ... ... ... 111
Training and Simulation . . . ........ . .. .. . 112
Impact of LC on Surgical Practice across the Specialties. .. ................... 112
Advent of Robotically Assisted Laparoscopic Surgery ....................... 114
What Next? . ..o e 114
References. . ... ..o 115

Part IIT Commentaries

18

Commentaries. . ............ .. . 121
COMMENTATY . . . ottt et e et e e e e e e e e e e 121
Desmond H. Birkett

Teaching the Laparoscopic Common Bile Duct Exploration to

Acute Care SUIZEONS. . . . .ottt ettt e e e 123
Matthew Bloom

Commentary: Berci-Greene “No Stones Left Unturned” Kehr Book. .. .......... 125
L. Michael Brunt

The Trajectory of Biliary Surgery: Personal Reflections ... ................... 127
Daniel J. Deziel

COMMENTATY . . o oottt ettt e e e e e e et e e e e e 131
Robert Fitzgibbons and Charles Filipi

Laparoscopic Cholecystectomy: At the Beginning...1989-1990................ 133

John G. Hunter

Contents



Contents

Personal Perspective/Experience—In This Surgical Space ....................
Joseph B. Petelin

Each Major Advance in Biliary Surgery Needed a

New Way of Teaching. . .. ... ... e
Edward H. Phillips

Biliary Surgery: A Story of Innovation and Change. . ........................
Jeffrey L. Ponsky

COMMENLATY . . .ot ettt e et e e e e e e e e et e e et
Walter J. Pories

For Me, It Started with Diagnostic Laparoscopy .. ...........coviuiuenenon..
Barry Salky

COMMENTATY « . o oo ettt et e e e e e e e e e e e e e e e
Jozsef Sandor

COMMENTATY « . o oo ettt et e e et e e e e e e e e e e e e
Nathaniel J. Soper

A Personal Glimpse at Bile Duct Injury During

Laparoscopic CholecysteCtomy . ... ....c.utuntin ettt
Steven M. Strasberg

My “Rebirth” as a “Laparoscopic” Surgeon: And What that

Means for Surgeons Today . .. ...
Lee Swanstrém

Technology Advance in Surgery in Both Worlds: Long-Term

Personal OVerview .. ..... ... .. .. i
Tehemton Erach Udwadia

Reflections of a Trainee During the Laparoscopic

Cholecystectomy Revolution 1989-1992. .. ... ... ... ... .. .. .. .. ...
Sherry M. Wren

References. . .. ... i

Part IV Looking to the Future

19 Epilogue . . ...

Recommendations for the Future of Surgical Treatment of

Biliary Stone DiSease . . ... ..ottt e
Training COUTSES. . . . v vt vttt et e e e e e e e et
Intraoperative Cholangiography, Anatomy, Bile Leakage,

and Stone Identification . .......... .. ..
ConCluSION . . ...t
References. . .. ...



Contributors

Desmond H. Birkett, MD, FACS, FRCS Lahey Hospital and Medical Center, Burlington,
MA, USA

Tufts University School of Medicine, Boston, MA, USA
Matthew Bloom, MD, FACS Cedars Sinai Medical Center, Los Angeles, CA, USA

L. Michael Brunt, MD, FACS Section of Minimally Invasive Surgery, Washington University
Institute for Minimally Invasive Surgery, Washington University School of Medicine, St.
Louis, MO, USA

Daniel J. Deziel, MD, FACS Department of Surgery, Rush University Medical Center,
Chicago, IL, USA

Charles Filipi, MD, FACS Department of Surgery, Creighton University Medical School,
Omaha, NB, USA

Robert Fitzgibbons Jr, MD, FACS Department of Surgery, Creighton University Medical
School, Omaha, NB, USA

John G. Hunter, MD, FACS, FRCS Edin (hon) Oregon Health Science University Health,
Portland, OR, USA

Joseph B. Petelin, MD, FACS University of Kansas School of Medicine, Shawnee Mission,
KS, USA

Edward H. Phillips, MD, FACS Division of General Surgery, Department of Surgery, Cedars
Sinai Medical Center, Los Angeles, CA, USA

Jeffrey L. Ponsky, MD, FACS Cleveland Clinic Lerner College of Medicine, Case Western
Reserve University, Cleveland, OH, USA

Walter J. Pories, MD, FACS, Colonel MC USA (RET.) Biochemistry and Kinesiology,
Metabolic Surgery Research Group, Brody School of Medicine , East Carolina University,
Greenville, NC, USA

Barry Salky, MD, FACS Department of Surgery, Mount Sinai Health System, New York, NY,
USA

Jozsef Sandor, MD, PhD, FACS (Hon) Semmelweis University, Budapest, Hungary

Nathaniel J. Soper, MD, FACS Department of Surgery, University of Arizona College of
Medicine-Phoenix, Phoenix, AZ, USA

Steven M. Strasberg, MD, FACS Section of HPB Surgery, Washington University, St Louis,
MO, USA

Lee Swanstrém, MD, FACS Oregon Health Sciences University, Portland, OR, USA
Tehemton Erach Udwadia, MS, FCPS Grant Medical College and J.J. Hospital, Mumbai,

India

XVii



xviii Contributors

Breach Candy Hospital and Research Center, Mumbai, India
Department of MAS, Hinduja Hospital and Research Center, Mumbai, India
Center of Excellence for Minimal Access Surgery, Mumbai, India

Sherry M. Wren, MD, FACS Center for Innovation and Global Health, Stanford University,
Palo Alto Veterans Hospital, Stanford, CA, USA



Special Contributing Authors

Sir Alfred Cuschieri, MD, FRCS, FACS (Hon) Professor of Surgery Molecular Oncology
and Surgical Technology, University of Dundee, Dundee, UK

Italian Government Ministry of Universities and Research (MUIR) in Surgery and
Nanotechnology, Sant’ Anna Advanced School for University Studies and Research, Pisa, Italy

University of St Andrews, St Andrews, UK
PI Medical Robotics and Technology Group, Institute for Medical Science & Technology
(IMSaT), University of Dundee, Dundee, UK

J. Andrew Hamlin, MD, FACR Emeritus, Department of Radiology, Cedars Sinai Medical
Center, Los Angeles, CA, USA

Xix



Partl
Kehr and His Textbook



®

Check for
updates

The History of Biliary Stone Disease

Abstract be credited with designing, perfecting, and per-
forming the first cholecystostomy. Later in the
nineteenth century Kehr and Langenbuch would
usher in the era of open cholecystectomy.

While the recognition of gallstones as an abnor-
mality within the human body dates back at
least to the fifth century, the treatment of symp-
tomatic gallstone disease remained primitive
and ineffective until the eighteenth century.
Thudichum proposed a two-stage elective cho-  Biliary history - Cholecystostomy
lecystostomy. Dr. John Stough Bobbs performed Cholecystotomy - Surgical history
the first cholecystotomy. J. Marion Sims must

Keywords
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1 The History of Biliary Stone Disease

Petit (1674-1750)

Bobbs (1809-1870)

The first account of gallstones, given in 1420
by a Florentine pathologist, Antonio Benevieni
[1] reported a woman who died with abdominal
pain. Centuries followed with ever-increasing rec-
ognition of biliary colic. The description of these
clinical scenarios flooded the medical literature
with numerous physicians and surgeons, includ-
ing Francis Glisson in 1658 [2], reporting similar
cases of biliary colic [3].

The recognition of gallstones as an abnormality
within the human body dates back at least to the
fifth century. Andreas Vesalius (1514-1564) [4, 5]
established that gallstones were associated with
disease and could cause jaundice. Morgagni [6],
late in the eighteenth century [5], established a
correlation between the clinical course and the
autopsy findings in a group of patients with
obstructive jaundice.

In 1676, a physician by the name of Joenisius [6]
removed gallstones from a spontaneous biliary fis-
tula of the abdominal wall that formed after rupture
of an abscess and, thereby, has been credited with
the first successful cholecystolithotomy. During
this time, two animal experiments by Zambecarri
in 1630 [7] and Teckoff in 1667 [8] had shown that
the gallbladder was not essential to life. Moreover,
physicians were of the opinion that the gallbladder
itself gave rise to stones. The first interaction of
gallstones and surgery dates back to 1687 when
Stal Pert Von der Wiel, while performing surgery
on a patient with purulent peritonitis, accidentally
found gallstones [9]. Nonetheless, the treatment of
symptomatic gallstone disease remained primitive
and ineffective until the eighteenth century.

Jean-Louis Petit (1674-1750), the founder of
gallbladder surgery, suggested the removal of gall-



References

stones and drainage of the gallbladder, thus creating
a fistula in patients with empyema, which he suc-
cessfully performed in 1743 [10]. Petit’s rigid crite-
ria of surgical intervention were modified over the
years. It included skin stimulants to provoke adhe-
sion of the gallbladder to the abdominal wall and
subsequent introduction of an indwelling trocar to
remove stones and bile from the adhered gallbladder
to minimize peritonitis. Thus, this procedure was the
prevailing operative management until 1859, when
J. L.W. Thudichum proposed a two-stage elective
cholecystotomy [11]. In the first stage, the inflamed
gallbladder was sewed to the anterior abdominal
wall through a small incision, which served as a
route for the removal of gallstones at a later date.

Several years later, on July 15, 1867, Dr John
Stough Bobbs (1809-1870) from Indianapolis,
Indiana, found an inflamed and adhered sac con-
taining ‘“‘several solid ordinary rifle bullet-like
structures” while operating on a patient with a sus-
pected ovarian cyst [12]. He opened the sac, which
incidentally happened to be the gallbladder packed
with multiple gallstones. He removed the gallstones
and left the gallbladder in the abdomen after clos-
ing the defect in the gallbladder (cholecystotomy).
The patient recovered and outlived Dr. Bobbs.

J. Marion Sims (1831-1883) [13] must be cred-
ited with designing, perfecting, and performing
the first cholecystostomy on a 45-year-old woman
with obstructive jaundice in 1878. Though the
patient died on the eighth postoperative day due to
massive internal hemorrhage, it paved the way for
Theodor Kocher to perform the first successful
cholecystostomy in June 1878 [14].
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Professor Dr. Hans Kehr 2
(1862-1916)

Abstract

In 1888, Kehr received education in Vienna
under Theodor Billroth and then in Berlin. He
settled in surgical practice in Halberstadt, where
he established a private surgical clinic and per-
formed his first cholecystectomy in 1890. One
of Kehr’s attributes was a penchant for meticu-
lous record keeping in addition to lecturing and
publishing. His major contribution was his sys-
tematic approach and the pictorial illustrations
that were created in the operating room. This
translation of Kehr’s magnum opus dealing with
his own experience with cholecystectomy will
hopefully preserve his name and assure that he
is listed along with other giants who contributed
to the principles of biliary surgery.

Keywords

Hans Kehr - Cholecystectomy - Surgical history
Medical illustration

The best battle against infectious cholelithiasis is
the surgeon’s knife. — Hans Kehr
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Hans Kehr (1862-1916) was the fifth of ten
children born to Christophe Karl and Rosina
Pauline Kehr [1]. His father was a distinct peda-
gogue whose precepts Kehr followed throughout
life. Kehr studied in Jena, Halle and Berlin, obtain-
ing his doctorate at Jena in 1884. After passing the
state examination in Jena in 1885, he was assistant
at the private surgical clinic of Ernst Meusel
(1843—-1914) in Gotha for 2 years.

In 1888, Kehr received further education in
Vienna under Theodor Billroth (1829-1894) and
then in Berlin. That same year he settled in surgi-
cal practice in Halberstadt, where he established a
private surgical clinic. It was here that he per-
formed his first cholecystectomy in 1890 on an
indigent patient. His intense interest in biliary sur-
gery led to a burgeoning practice which in a rela-
tively short time achieved worldwide fame.
Because of earlier success, Kehr was invited to
take the chairmanship in Berlin and, from 1890 to
1916, published his experience in two volumes of
500 pages each (Published by Lehmann, Munich
in 1913). During these 24 years he performed more
than 2600 operations on the biliary system. Mayo
and Halsted, famous American surgeons, also vis-
ited Kehr during this period.

One of Kehr’s attributes was a penchant for
meticulous record keeping in addition to lecturing
and publishing [2]. By 1907, 10% of his patients
were referrals from all parts of the world. Due to
his pioneering work, he was appointed professor
on the occasion of the 25th anniversary of the
German Society of Surgery in 1897. In 1903, he
was invited to the United States to lecture and to
provide demonstrations in biliary surgery which
greatly impressed his American surgical col-
leagues. In 1904, he was summoned to Paris to
consult on the case of the prime minister of France,
Pierre Marie Waldech-Rousseau (1846-1904).

In 1910, Kehr was appointed Privy Counsellor
and moved to Berlin in order to concentrate his
efforts entirely on biliary surgery. During this time,
he pursued his interests in literature, music, and

2 Professor Dr. Hans Kehr (1862-1916)

the arts. Kehr died of septicemia following injury
to his finger during surgery [3].

For many years Kehr employed an artist, Mr.
Frohse, who created drawings of his operative pro-
cedures. These illustrations, drawn more than 100
years ago, compete favorably with today’s high-
resolution photographic reproductions. Kehr was
able to convince Mr. Frohse to stand behind him
during every operation over many years to witness
the dissections and make his drawings. In the eve-
ning hours, the two would discuss and improve the
surgical illustrations.

They were able to produce a vast amount of data
as well as the color documentation (see
enclosures).

We selected this surgical pioneer because he
was a meticulous and a superbly organized sur-
geon who established a patient recording system
that included clinical history, examination, surgi-
cal procedures, and follow-up. His major contri-
bution was this systematic approach and
especially the pictorial illustrations that were
created.

Kehr was also very interested in establishing a
training system for residents, emphasizing the
trainees need to know more about the details of
anesthesia, still a relatively new concept in the
late nineteenth century. Kehr was the first to put
forth caveats about the use of chloroform in jaun-
diced patients because of its toxic effects on the
impaired liver. He was also interested in operating
room (OR) discipline; after 20 minutes of scrub-
bing, the anesthetic should not be initiated before
the surgeon has the opportunity to talk with the
patient. Anesthesia was performed in an adjacent
room and the patient was transferred to the OR. In
addition, the scrub nurse had to report that all
instruments and other items for surgery were
checked prior to the procedure and were available
in the OR.

This translation of Kehr’s magnum opus dealing
with his own experience with cholecystectomy
will hopefully preserve his name and assure that



2 Professor Dr. Hans Kehr (1862-1916)

he is listed along with other giants who contrib-
uted to the principles of biliary surgery.

Summary of 25-pages Introduction by Professor
Dr. Hans Kehr:

I started working in a clinic in the small, German
city of Halberstadt. The publisher (Lehmann) intro-
duced me to an artist and painter, Mr. Frohse, who
was with me for years and first learned the surgical
environment, behavior, the patterns observed and
my explanation of the surgery cases. I built for him
a podium so that he could step up and observe sur-
gery from a close distance and have an unobstructed
view.

Generally, he did the drawings in the morning, the
coloring in the afternoon and we were able in the
evenings to discuss the drawings, make corrections
and interpretations. That was the reason that we
started the illustrations in 1905. After seven years,
we moved over to Berlin. He had a great sense of
humor and mentioned that after observing 150
cases, he could make the surgery himself.

In total, he was able to complete over 300 studies
and a huge number of cases and giving me, for
instance, the recommendation that in case of cystic
artery bleeding during dissection, how I should take
another finger, e.g., the left little finger to compress
and prepare the suturing with an improved tech-
nique. This introduction was written in 1913. I
remember well my first cholecystectomy in 1890.

I was a follower of the famous German, Richard
Wagner, to whose compositions I listened with great
admiration. In my opinion, Wagner was also impor-
tant to my father and my co-workers.

The performance of the operation can be compared
with a well-trained artist. The picture follows with a
description of various explanations between a his-
tory and findings similar to music. Great agreement
with Kocher’s philosophy was described in great
detail.

Kehr equates the performance of the operation
with that of a well-trained artist or musician.

Kehr described memories of his father, who was
a teacher and writer who published a book about
the practice of teaching and learning in an elemen-
tary school translated into several languages. From
this book, the younger Kehr made several
citations.

Kehr explains that, “His writing and thinking
were great symbols for my future.” Kehr described
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in a page, the philosophy of his way of thinking in
the performance of his father’s teaching. He also
described in great detail the style and the atmo-
sphere of the operating rooms and Kehr made sev-
eral citations from his father’s publications. He
expressed in detail the differences between prac-
tice and theory. Kehr described the importance of
teaching truths at all times regarding his surgical
outcomes.

Already in his introduction, he quoted the
importance of the incision and the method of
exploration and wound closure. He mentioned the
importance of taking an accurate history from the
patient and also quoted his philosophy that, “Art
should stay art,” as described by Goethe. He men-
tioned in great detail the theory of “not giving too
much on the first sessions” and to be careful in
using the word “experience.”

Kehr included in his introduction that although
he had performed more than 2600 cholecystecto-
mies, he still believed that, “I am a beginner and
need more experience.”

In the next part of his introduction, he explains
how important it is to create a precise patient his-
tory and how crucial it is in the learning period and
general practice for a surgeon not to concentrate
on the practical areas of surgery only. Kehr recom-
mended that one pay attention to the patient’s his-
tory and complete it with the appropriate questions
as well as the postoperative instructions.

The first volume is written not only for surgeons,
but also for internists. In the second volume, Kehr
states that he “tried to describe the need to listen to
the patient, the special operative technique as well
as the post-operative treatment modalities.” Kehr
mentioned that it took his artist, Frohse, observa-
tions of 150 surgical procedures before he was
able to start illustrating his case studies.

Frohse collaborated on 300 or more case studies
and many post-mortem specimens. He predicted
that a properly prepared and performed follow-up
surgery was really an art. He expressed in great
detail the cooperation of other colleagues who
referred over 100 patients to his practice during the
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2 Professor Dr. Hans Kehr (1862-1916)

years. He alluded to the work of the famous pathol-
ogist, Ludwig Aschoff (1866—1942), was impor-
tant in the area of pancreas problems.

Special attention was given to his scrub nurse
and other nurses and personnel involved in patient
care. He mentioned also the reproduction of color-
ful pictures to be of significant help in the descrip-
tions of findings.

This is a very detailed personalized introduc-
tion which is unique in style. It is also a detailed

philosophy of Kehr’s approach to surgery and
medicine which included references to art and
music.
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Instruments

Retractors for Biliary Surgery
Kehr was keen to have the tools available in a ster-
ile form and that the resident and nurse were aware
of their proper presentation.

He also identified the instrument name:

1. Uterus or papilla duodenal probe

2. Mikulicz forceps

3. Irrigation — suction tube from Ultzman
4. Malleable probe

5, 6. Curved forceps after Pean

7. Small probe with miniature jaws

Tafel 2.

8. Langenbuch’s retractor
9. Large retractor from Martin

Kehr was keen to give credit to the originator
or designer. The resident scrubbing with him had
to learn and use carefully the well-designed
tools. Kehr used, in every cholecystectomized
patient, a soft or malleable probe to introduce
through the transected cystic duct to probe the
CBD and get a feel about stones. He repeated
this also in the hepatic ducts (replaced later by
Choledochoscopy).
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Original idea, designed a century ago to have T-tube drainage avoiding postoperative bile

leakage and/or peritonitis.

T-Tubes
Designed by Kehr and made in different (3) diam-
eters for draining the choledochus or the use of
straight tubes to drain dilated ducts.

In case of retained stones and a drained CBD: 2
weeks of repeated irrigation attempting to move

the stone into the duodenum after a more relaxed
sphincter. These patients were followed in the

postoperative period for
repeated irrigations).

months

(including
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Description of Surgical Cases Surgery: Small gallbladder, severe adhesions at
(Bilingual) Translation the fundus, thick edematous wall, midsize stone in
gallbladder.
Case 48 OR Time: 20 minutes
Table 39 Histology: Chronic inflammation. No cancer.
38-year-old female from Gustrow Figure 2: Very small gallbladder with many scars.
Admission: May 24, 1905 Diagnosis: Cholecystitis
Surgery: May 25, 1905 Surgery: Small gallbladder with one large stone.
Discharge: June 30, 1906. Cured Ectomy. No postoperative complaints

Two-year history of severe pain at right side of OR Time: 20 minutes
abdomen. No icterus. No fever.

Fig. 2.
Kr.-G. Nr. 48.
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Krankengeschichte Nr. 48 (Tafel 39, Fig. 2) Befund: Lieber nicht vergrossert, kein Tumor der

B.B.m 38 jiahr. Kaufmannsfrau aus Giistrow, Gallenblasse palpable, doch grosse
Aufgen.: 24.5.1905. Schmertzhaftigkeit bei calculosa.

Operiert: 25.5.1905. Ektomie. Diagnose: Cholecystitis chronica calculosa.
Entlassen: 30.6.1905. Geheilt. Operation: 25.5.05. Gallenblase klein mit gros-

Anamnese: Im Jahre 1894 nacths zum ersten- sen Solitérstein.
mal ein Magenkrampfanfall (7 gedruckte Zeilen).

Fig. 2.
Kr.-G. Nr. 48.
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Summarized Translation

Case: 53
Table 40
44-year-old male teacher from Langenstein.

Admission: May 3, 1905
Surgery: May 7, 1905
Discharge: May 8, 1905. Mortality

Cholecystectomy, drainage of CBD and Hepatic Duct. Duodenal injuries.
History: 2 years of severe right subcostal pain. Loss of 30 lbs. weight.

Findings, Right subcostal tenderness, no icterus. Developed severe pain
requiring morphium.

Diagnosis: Chronic Cholecystitis.

Surgery: Thick gallbladder. Aspirations, Gallstones removed during dissection
of gallbladder. During difficult dissections with multiple duodenal injuries and
repair were made. Dilated CBD with 15 stones. Drainage.

Injury of artery with severe bleeding, difficulties repair. OR Time: 1 hour, 15
minutes.

4 weeks later sudden death (cardiac?)

History Chronic inflammation of Gallbladder (Summary)

(See opposite page for size of detailed report.)
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Krankengeschichte Nr.53 (Tafel 40, Fig. 2).
W. A, 44 jahr. Hauptlehrer aus Langenstein.

Aufgen.: 3. 5. 1905.

Operiert: 7.5.1905. Ektomie. Hepatikusdrainage. Choledochusdrainage. Hepato-
pexie. Uebernihung von Duodenaldefekten.

Entlassen: 8. 5. 1905, Exitus.

Anamnese: August 1903 akut einsetzender Choledochusverschluss. Fast 2 Jahre ging es dem
Patienten gut, bis vor 5 Wochen nachts wieder Gallensteinkolik eintrat. Vor 3 Wochen besonders
starke Schmerzen. Infolge der geringen Nahrungsaufnahme in der letzten Zeit ziemlich an Gewicht
abgenommen, einige 30 Pfund.

Befund: Sehr animisch aussehender Mann, in der Gallenblasengegend geringe Resistenz,
keine Schmerzhaftigkeit.

Verlauf: 4. 5. Gegen Mittag plotzlich starke Kolik, die eine Morphiuminjektion nétig macht,
In der Nacht vom 6. 5. zum 7. 5. wieder Kolik, kein Gallenfarbstoff im Urin, dieser ganz hell.

Diagnose: Chronische Cholecystitis (Steine im Choledochus?). Ulcus duodeni nicht vollig
auszuschliessen.

Operation: 7. 5. Wellenschnitt. Leber etwas vergrossert, sehr weich, Gallenblase verdickt,
entziindet, langgestreckt, enthilt sehr wenig Fliissigkeit und kleine Steine. Aspiration von triiber
Galle, Gallenblase flichenhaft mit Duodenum verwachsen. Dieses zeigt im mittleren Teil eine nar-
bige harte Stelle (ausgeheiltes Ulcus duodeni). Bei der Loslésung reisst das Duodenum
an 2 Stellen ein. Sorgfiltige Naht. Choledochus sehr erweitert, enthilt kleine Steine. Ektomie
der Gallenblase, sowic des Cystikus. Cysticotomie. Choledochotomie. Im stark erweiterten Hepatikus
und Choledochus Steine, im Hepatikus 3, im Choledochus 15, mehrere retroduodenal. Rohr in
den Hepatikus und Rohr in den Choledochus. Bei der wasserdichten Vernahung
der Choledochusinzision wird eine starke Arterie angestochen. Sehr heftige
Blutung, Unterbindung. 3 Tampons. Hepatopexie, doch ist die Leber so morsch,
dass die Fiden durchschneiden; nur bei sehr lockerer Knotung gibt das Leber-
gewebe nicht nach. Dauer der Operation °/ Stunden. Die chronisch entziindete Gallenblase
zeigt im Fundus Ulcerationen, am Hals ist die Driise geschwollen, der Cystikus ist stark erweitert.
In der Gallenblase ca. 40 erbsengrosse Steine.

Verlauf: Tod am 8.5. 05 an Herzschwiche.

Die mikroskopische Untersuchung der Qallenblase in Marburg ergab folgendes:

Mikroskopisch erwiesen sich die S~tleimhautzuiien leicht papillenartig verdickt. Das Epithel senkt
sich stellenweise divertikelartig durch die Muskularis hindurch fast bis an die Serosa. Schleimdriisen
wurden vermisst. In der Subserosa der verdickten Serosa fand sich eine betrichtliche, durch rund-
zellige und eosinophilgekdrnte Leukocyten bedingte Infiltration. Diese erstreckt sich ein Ende weit,
entlang den Lymphspalten, in die Muskularis. Die in der Serosa vorhandenen Gefdsse sind dick-
wandig.

Epikrise: Patient sollte schon Mitte April zur Operation kommen, doch
hatte er zu grosse Angst vor derselben; da er die letzten 6 Wochen fast gar nichts
ass, war er sehr geschwicht. Der Tod ist auf Herzschwiche und Lungenddem
zuriickzufiihren. Der blasse andmische, frither recht korpulente, jetzt sehr abge-
magerte Mann konnte den schweren °/: stiindigen Eingriff nicht tberwinden. Am
Operationsgebiet war alles in Ordnung; die Leber war bereits mit dem Peritoneum
parietale verklebt (20 St. post op.); keine Nachblutung. Wunde sauber, Rohre lagen
gut. Eine Sektion des Herzens war nicht maglich.
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Summarized Translation

Case 2

W.S., a 45-year old builder from Namslau Admission: 11-10-1912
Surgery: 11-12- 1912, Ectomy
Discharge: 3-11-1913, Cured

For 10 months, severe painful abdominal attacks at right upper quadrant position of
abdomen. Dark urine recently. Loss of weiglt (25 Ibs.).

Surgery: Large gallbladder with multiple adhesions to the surrounding tissues. Large
stone impacted at the upper part of cystic duct (See Figure2).

Duration of Surgery: 35 minutes Discharged free of symptoms.
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Krankengeschichte Nr. 2.

W.S, 45 jahr. Braumeister aus Namslau.

Aufgen.: 16.8.1912. Wieder aufgen.: 10.11. 1912,
Operiert: 12.11.1912. Ektomie.
Entlassen: 30.11.1912. Geheilt.

Anamnese: Im Januar 1912 erster schwerer Anfall mit Schmerzen rechts im Oberbauch.
Dauer des Anfalls 4 Stunden. Fieber hat bestanden. Im Februar 1912 einige Anfalle. Im Mirz drei

Anfille mit Fieber, manchmal war weisser Stuhlgang, dunkler Urin. Ende Mirz ging Patient nach
Karlsbad, wo er 4 Anfille mit Fieber und Gelbsucht hatte. Zwei Wochen nach Karlsbad ein heftiger
Anfall, welcher 2 Stunden anhielt, aber ohne Fieber. Dann folgten in unregelmissigen Zwischen-
riumen mehrere Anfille, oft mit weissem Stuhlgang. Am 5. Juli sind Steine nach einer Oelkur ab-

gegangen. Hinterher noch 5 Anfille. An Korpergewicht hat P. in einem halben Jahre 25 Pfund verloren.

17.8.12. DPatient verliess, wegen Anratens der Operation, die Klinik.

10. 11.12. Nach Weggang aus der Klinik etwa alle 2 Tage, seit 14 Tage beinahe jeden Tag
einen Anfall: ein einziges Mal 8 Tage beschwerdefrei.

Diagnose: Cholecystitis chronica. (Adhisionen?)

Soziale Indikation.

Befund: Druckempiindliche Resistenz der Gallenblasengegend. Urin frei.

Operation: 12.11.11. Gallenblase gross, einige Verwachsungen mit Netz. Losung. Sehr
fettes lig. cystico-duodenale. (Fig.2) Im Hals ein Stein. Art. cystica muss in sehr grosser
Tiefe unterbunden werden, Cysticus ganz eng und zart; da das Operationsfeld ausserordentlich tief

li‘egt, wird auf Choledochusspaltung verzichtet. Der Stein ist zudem ein radiirer Cholesterinstein.
Gallenblase war sehr verdickt. 2 Tampons.

Dauer der Operation: 35 Min.

Fig. 2.

Lig. cystico-duodenale.

A stone position in cystic duct
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L5 s

Die normale, d.h. durch Entziindung nict* ciweiterte und verdickte Gallen-

blase hat die Form einer Birne und liegt zwisc :n lobus quadratus und dem rechten
Leberlappen in der fossa

. fundus vesicae felleae, die dem vor-
deren Abschnitt der fossa
sagittalis dextra entspricht.
Man unterscheidet an der
Gallenblase (Figur 3) einen
Fundus, ein Corpus und ein
Collum. Die Linge einer nor-
malen Qallenblase betragt
7—9 c¢m und zeigt am Fun-
dus einen Durchmesser von
ca. 3 cm. Bei normaler Fiil-
lung der Gallenblase — ihre
Kapazitat diirfte 30-—40 ccm
betragen — iiberragt der
d NG / Fundus gewdéhnlich den vor-
plicae mucosae = | s deren scharfen Leberrand,
: welcher hier eine leichte Ein-
buchtung (incisura vesicalis)

corpus ...

=~-/-, valvula spiralis aufweist. Doch trifft man
L ’ AR auch genug Gallenblasen,
S, CHSHEIS S N s .ductus hepaticus deren Fundus um einige

Zentimeter hoher steht als
der Leberrand. Das ist fast
regelmédssig der Fall bei
den durch Entziindung ge-
schrumpften Gallenblasen;
aber auch bei gesunden
Gallenblasen kann man einen solchen Hochstand der Gallenblase recht oft fest-
stellen. Man unterscheidet an der Gallenblase eine obere und untere Wandung. Die
obere ist durch Bindegewebe mit der Leberkapsel verlotet. Die untere Wandung
ist mit Peritoneum iiberzogen, welches links vom lobus quadratus, rechts vom rechten
Leberlappen auf die Gallenblase iibergeht.

ductus choledochus <

Another sample of cystic duct configuration
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srstellen kann.

xr dem Sporn, den der
D. hepaticus miteinan-
. 0.) Ist man mit dem
D. hepaticus, so zieht
e kraftig an und kann
ratikus-Eingang zugédng-
dass nunmehr die Ein-
oder Rinnenrohres ge-
der Hepatikus-Eingang
|g, so spaltet man den
Sonde und stellt sich
ten Zugang zum D. he-
dass nunmehr die Ein-
ohres leicht gelingt.
den Krankengeschichten
gehen eingehender be-

:ndung ist sehr -einfach.
ichus ein und zieht si¢ dann langsam zuriick. (Fig. 8.) Ihr Haken

Man fiihrt die Sonde ca. 2 cm

Die Angelsonde ist so zuriickgezogen, dass sie
den Sporn zwischen dem D. cysticus und D. he-
paticus fangt. Spaltung des Sporns von 1 bis 2

(Hepaticotomia interna).

tief

A malleable soft probe introduced through the resistance (stone). Earlier ideas
cystic duct to the hepatic or distal duct to feel choledochoscopy.

about
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&
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80 p.100. 10 p.100. 8 p. 100. 2 p. 100.

(Page 107) Attention was drawn 100 years ago anatomy and various anomalies, and the impor-
about the anatomical variations of the cystic duct tance of recognizing them during dissections.
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110

'm"”ﬂw

! ﬂWf/f;.-. iy ""-..:

T

)

s ))lﬂﬂf”

60 p. 100. 26 . 100.

Two full pages of anatomical variations are described about cystic duct configurations

The top row, Figs. 51, 52, 53, and 54 show the Figures 55, 56, 57, and 58 display the right
configuration of the cystic artery and possibilities branch of the hepatic artery. Any changes of the
of injuries when anomalies occur. anatomy can lead to severe bleeding.
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Table 20

Tafel 20.

A und B stellt die gewohnliche, C und D eine ziemlich hidufige und E eine seltene Anordnung dar.
1 Gallenblase. 4 Ramus sinister art. hepaticae.
2 D. choledochus. 5 Ramus dexter art. hepaticae.
3 Art. hepatica propria.

Hepatic artery anatomy and variations (more details in book, pages 108-110)
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Table 34




5 Biliary Stones 35

Calculi No. 5: Segmented stone

Stones of actual sizes, calculi can be of bilirubin No. 6-7: Stones caused ileus in supraduodenal

pigment, calcium composition. choledochus. No. 8: Stones with interesting surface
No. 1: White cholesterol stones No. 13: Elongated soft calculus which took the
No. 2, 3, 4: Thick calcium conglomerate shape or configuration of the choledochus.

Table 35

Tafel 35.
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Calculi and Gallbladder

No. 1: It was found coincidentally in the gallblad-

der by surgery of carcinoma of the gallbladder.
Nos. 2—11 and 14-15 were found as a single cal-

culus in a gallbladder (detailed description of stone

composition on page 170 of Kehr’s book and refer-
ence to Aschoff publication, Cholelithiasis).

No. 12: Gallbladder with characteristic appear-
ance of the wall and stones.
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Summarized Case Report Surgery: Distended hemorrhagic gallbladder
with adhesions. Small cystic duct, cholecystec-
Case: 42 tomy.
Table 45 Duration of Surgery: 35 minutes (!)
65-year-old widow from Sandersleben Pathology: Severe hemorrhagic all partially
Admitted: 5-23-1905 necrotic gallbladder cystitis with severe hemor-
Surgery: 5-24-1905 rhagic infarctions. No malignancy.
Discharged: 7-15-1905, Cured See Fig. 1.

Summarized report: 7 years history of periodic
pain in the mid-abdominal with radiation to the
back. No jaundice.
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Case: 43 Operation: Enlarged gallbladder, ascitic fluid,
Table 45 dilated common bile duct with a large palpable
50-year-old female secretary and wife from stone. Choledochotomy and t-tube drainage,
Magdeberg enlarged pancreas and enlarged liver.
Admitted: 6-25-1905 Duration of Surgery: 45 minutes
Surgery: 6-29-1905 History: No malignancy, chronic ulcerative
Died: 7-1-1905 colitis. Severe bleeding from the wound, sudden
2-year history of abdominal pain, jaundice, death on 7-1-1905 (emboli?).
enlarged liver, dark urine. See Fig. 2.
Table 45

Tafel 45.




Summarized Case Report

Case 44

Table 38

34-year-old female from Chernovitz

Admitted: June 20, 1905

Surgery: June 22, 1905

Discharged: October 22, 1905

Typical abdominal cramps. No jaundice, no
fever. Tenderness in right upper quadrant.

Surgery: difficult case because of adhesions,
distended gallbladder with multiple stones.
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Severe adhesions. Difficult ectomy because of
bleeding.

Duration of Surgery: 1Yz hours.

Histology: Chronic severe cholecystitis. No
malignancy.

Postoperative: Venous thrombosis.

See Fig. 1: Hemorrhagic gallbladder with a
large stone.
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Case 45

Table 38

38-year-old woman from Haberstadt

Admitted: 6-23-1905

Surgery: 6-25-1905

Discharge: 7-17-1905, Cured

For 2 weeks, surgeries repeated right subcostal
painful colic. No jaundice.

Chronic cholecystitis.

Surgery: Adhesions. Gallbladder removed.
Common bile duct looked normal size.

Duration of Surgery: 25 minutes.

Histology: Empyema of gallbladder with
adhesions.

See Fig. 2.
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Case 46 Surgery: Many adhesions, appendectomy, hem-
Table 38 orrhagic gallbladder, slightly distended with a pal-
36-year-old female teacher from Remscheid pable stone. Operative time: 30 minutes.
Admission: 7-5-1905 See Fig. 3.

Surgery: 7-7-1905

Discharge: 7-17-1905 Table 38

History of 3 years of colicky pain right subcos-
tal area loss of weight. Very nervous patient, right
subcostal tenderness, clear urine. No jaundice.

Tafel 38.

Kr.-G. Nr. 44 )
Kr.-Gi. Nr. 45. Kr.-G. Nr. 46.
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Case 47

Table 39

35-year-old female from Gnadau

Admission: May 29, 1905

Surgery: May 30, 1905

Discharged: June 30, 1906, Cured

For years, agonizing pain under the right costal
region. No jaundice.

5 Biliary Stones

Surgery: No enlarged liver. Stones in the
inflamed gallbladder can be left in and removed
following discharge.

Figure 1: Gallbladder, small size, slight
edema.
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Case 49 Large distended gallbladder with a stone located
Table 39 in the neck of the gallbladder creating an ulcer.
38-year-old female from Wismar Duration of Surgery: 30 minutes. (Easy
Admission: May 28, 1905 surgery)

Surgery: May 29, 1905 Figure 3: Large hydrops of gallbladder.
Discharge: July 9, 1905 Ulceration at the neck (small stones?).

One-year history of abdominal pain. One week
of jaundice.
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Case 50 Seven small ulcers at the neck. Choledochus
Table 39 looks normal. Severe adhesions and bleeding.
50-year-old female (from Russia) OR Time: 1 hour

Admission: 6-5-1905 Histology: Chronic inflammation. Cirrhotic
Surgery: 6-5-1905 liver.

Discharge: 7-27-1905 Figure 4: Thick, small, gallbladder, two ulcers at

Syphilis for 2 years. Right upper quadrant pain. the neck of gallbladder.
No dark urine. No jaundice.

Surgery: Small shrunken, but thick gallbladder
with stones and two ulcer formations at the neck.
Difficult ectomy.



Summarized Case Report
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Case 51

Table 39

41-year-old widow of
Chemvitz

Admission: 6-26-1905

Surgery: 6-28-1905

Discharge: 7-12-1905

Colicky pain for years in the right upper quad-
rant. Had to spend 4 weeks in bed. No fever, but
developed icterus and fever lately and vomiting.
Poor general condition.

Surgery: Adhesions, no enlarged liver but severe
adhesions around the enlarged gallbladder.
Removal of gallbladder contained pus and a large

salesman from

Kr.-(G. Nr. 47.

Kr.-Gi. Nr. 49,

stone. Severe bleeding from liver bed. Need mul-
tiple drainage.

Duration of Surgery: 30 minutes

Histology: Small gallbladder, small but very
thick wall with an ulcer. No tumor cells, free post-
operative course.

Two weeks later, sudden death (embolism?).

The information for Case 2 was missing from
the Kehr book.

Figure 5: Small, thick-walled gallbladder with
several ulcerations, containing stones.

Table 39

Tafel 39.

Kr.-(i. Nr. 51.
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Table 46

Fig. 1.

Gallbladders with Carcinomas Figure 2: Huge gallbladder with pseudo-mem-
brane appearance. Fibrinous collection on the

Figure 1: A thick gallbladder wall with an ulcer in  inside. (In detailed descriptions of these six cases,
the neck of the thick-walled gallbladder. three were missing.)



Summarized Case Report

47

Tufel 47,

Figure 47: Dilated, hemorrhagic gallbladder with thick wall
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Histology: Carcinoma (It was difficult to make drawings in suspected
Unfortunately, our artist had no time to sketch or obvious cancerous gallbladder with a standing
some specimens with a visible cancer because sur- by pathologist. — Dr. Kehr).

geons removed the gallbladder and if it was suspi- Necrosis of hyperemic thick wall. Carcinoma.
cious for malignancy, it was immediately handed (According to Aschoff, stones rarely cause car-
over to the stand-by pathologist. No time was cinomas, but rather inflammations. Cited by
available for drawings — except in a few cases. Kehr.)

Preoperative Position

An insufflatable bag is inserted on the table and
distended to increase the rib-cage abdomen
angulation.
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Fig.99. Stellung des Operateurs beim Abtasten des D. cysticus und choledochus.
(Die linke Hand ist in die Bauchhdhle eingefiihrt).

Translation:

Dr. Kehr during surgery. Left hand palpates the
cystic duct and common bile duct. Assistant
retracts the incision. Anesthesiologist stands by.
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7afel 57.  Table 65.

Tafel 65.

Figure 14. The peritoneum is incised, and the skin and
underlying tissues are protected by a wet cloth. The sur-
geon extends the incision to explore the abdominal

Explored abdominal wall.
cavity.
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Table 66. Table 68

Explored patient. The surgeon excises the adhe-
sions from dilated gallbladder with stone. The
assistant retracts with left hand. The peritoneum is
retracted and clipped to the skin.

Left hand of surgeon is well visible. Black and
white drawing during open surgery of surgeon
holding posterior wall of the gallbladder. Anterior
wall is excised.

Explored dilated choledochus (with stones)
sutured over a Kehr T-tube after the calculi were
removed.



Mortality: 7 Cases (9.3%)

Summarized Detail of 68 Operated
Cases

Female 48 (out of 65)
Age: over 60: 5

Cholecystectomy: 57 (8 cholecystostomy only)

Op Time: Average 50 minutes. 15 cases longer.
Max time: 1 hour 15 minutes.

CBD stones: 38

Icterus: 45

Average history: 1-3 years with intermittent
icterus and severe colic.

The majority received preop morphine and
became addicts.

“Epicrise” summary after case report with long
histories and findings, including anomalies and
drawings. Referral Dr. mentioned with referral
opinions.

65 operated cases described in great detail.

53

Mortality: 7 Cases (9.3%)

Patient 1. Referred from another surgeon with
transected hepatic duct and bile drainage.

Patient 2. 30-year-old with sepsis deep icterus.

Patient 3. 70-year-old cirrhotic liver, fever, and
postop pneumonia.

Patient 4. 50-year-old icterus, profuse intraop-
erative bleeding, postop emboli.

Patient 5. 30-year-old icterus intraoperative
severe bleeding, postop emboli.

Patient 6. 44-year-old duodenal injuries with
bleeding adhesions, postop cardiac problems.

Patient 7. 54-year-old icterus severe intraopera-
tive bleeding. Death 2 hours postop.

Kehr reported a total number of 2600 biliary
cases over 24 years.
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History of Endoscopy 7

Abstract nal examinations in patients with ascites.
The first cystoscope through which the image Thus, ‘the first laparoscopic approach was
. . developed.
was transmitted by an optical system as well
as a distal illumination system was introduced
Keywords

by Nitze. This opened the field in urology and
many other areas. Jacobeus took the existing Endoscopic history - Surgical endoscopy
Nitze cystoscope and applied it to intrabdomi- Laparoscopy
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Nitze

7 History of Endoscopy

Jacobeus



Maximilian Nitze (1849-1906), Germany
Maximilian Nitze (1849-1906), Germany

The first cystoscope where the image was transmitted by
an optical system as well as a distal illumination system
was made by Nitze [1]. One of the largest disease
problems in the past for males was the inability to
control urination, and therefore the invention of the
cystoscopy by Nitze in 1879 opened the field in urology
and many other areas. Endoscopic views were also
obtained to diagnose or treat abnormalities in the areas
of laryngology and proctology.

1879

=D

NITZE-LEITER-Kystoskop Nr. Il mit O Grad-Optik 1879

A\

Bildfeld der prograden Optik 1879
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7 History of Endoscopy

Hans Christian Jacobeus [2]
(1879-1937), Sweden

He took the existing Nitze cystoscope and, after
selecting patients with ascites, the first laparo-
scopic approach was published. At a later stage, he
was able to refine laparoscopy for abdominal diag-
nostic modalities without ascites using local anes-
thesia and air insufflation.
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Early Biliary Surgeons

Abstract

On July 15, 1882, Langenbuch successfully
removed the gallbladder of a 43-year-old man,
thereby performing the first successful chole-
cystectomy. Ludwig Courvoisier reported in
1890 the successful removal of a CBD stone and
created the term choledochotomy. The Swiss
surgeon, Theodor Kocher, performed his first

formed his first gallbladder operation. A pro-
longed controversy existed between the
advocates of cholecystectomy and those, led by
Lawson Tate of London, who supported
cholecystotomy.

Keywords

Cholecystectomy - Biliary surgical history

8

cholecystotomy in 1854. In 1881, Halsted per-  Cholecystotomy
The original version of this chapter was revised. The correc-
tion to this chapter can be found athttps://doi.org/10.1007/978-
3-030-76845-4_20
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Emil Kocher
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While others were pursuing the construction of
gallbladder fistulas and direct removal of gall-
stones, Carl Johann August Langenbuch (1846—
1901) of Berlin was preparing himself to
completely remove the organ, for he had observed
that simple drainage and stone removal gave only
temporary relief. Since stones were known to reoc-
cur in the gallbladder, he stated, “they (other sur-
geons) have busied themselves with the product of
the disease, not the disease itself.” Langenbuch,
who at 27 years of age, had been appointed Director
of the Lazarus Hospital Berlin, developed the tech-
nique for cholecystectomy through several years
of cadaver dissection. On July 15, 1882, he suc-
cessfully removed the gallbladder of a 43-year-old
man who had suffered from biliary colic for 16
years, thereby performing the first successful cho-
lecystectomy and initiating a prolonged contro-
versy between the advocates of cholecystectomy
and those, led by Lawson Tate of London, who
supported cholecystotomy [1].

In the early years of the twentieth century, oper-
ations were hazardous. For example, of 100 chole-
cystectomies reported in 1897, the mortality was
20%. No specific diagnostic test for biliary tract
disease was available and prominent clinical signs
such as a tender right upper quadrant with fever
and jaundice needed to be present before an opera-
tion on the gallbladder could be entertained.

Ludwig Courvoisier (1843-1918) reported in
1890 the successful removal of a CBD stone and cre-
ated also the terminology of a choledochotomy, as
well as the Courvoisier gallbladder (jaundiced,
dilated, painless gallbladder with cancer). He also
performed the first systematic choledochotomy with
an external drain. He worked in Basel, Switzerland,
and published the first monograph on the surgery of
the biliary system in 1890 and provided also the first
detailed description of gallstone ileus [2].
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The famous Swiss surgeon, Emil Theodor
Kocher (1841-1917), performed his first cholecys-
totomy in 1854. Using his special approach, the
patient survived. It is interesting to note that, in
Switzerland, the iodine deficiency at that time was
high, creating thyroid disease in large numbers.
Kocher received the first Nobel Prize for a surgeon
for his outstanding contribution to surgery, partic-
ularly in thyroid disease. He also created a new
school for biliary surgery with his right subcostal
approach [3].

Common duct surgery was still a field for future
development. Anesthesia had been in use for only
35 years and Joseph Lister (1827-1912) had vis-
ited the United States less than 5 years earlier.
Abdominal surgery was truly just being born. In
the decade preceding Lister’s contributions, 7696
operations were performed at the Massachusetts
General Hospital. Two decades later, in 1881, the
number had more than tripled to 24,270. In that
same year, the year Halsted did his first gallbladder
operation, there were 172 operations in more than
5000 admissions to the Charity Hospital in New
Orleans. Among these, 72 were amputations, 23
were incisions for abscesses, and 18 were for
extraction of bullets; there was only one
laparotomy.
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Early American Surgeons

Abstract

Drs. William and Charles Mayo visited Dr. Kehr
in Berlin. A variety of tubes were devised for
common duct drainage, but the rubber T- tube,
introduced by Kehr in the early 1900s proved to
be the one universally adopted. In 1886, Justus
Ohage of Saint Paul, MN, operated on a 34-year-
old woman with a three-month history of right
upper quadrant pain, thus performing the first
cholecystectomy in the United States. Frank

Glenn, MD, published a famous atlas of biliary
tract surgery in 1963 with magnificent drawings
of the anatomy and the various vascular and
ductal anomalies as well as diseases of the bili-
ary tract and palliative operations.

Keywords

Biliary surgical history - Mayo brothers
Cholecystectomy
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Justus C. Ohage

An important figure in American surgery,
William Mayo (1861-1939) was born in Rochester,
NY, and attended the University of Michigan
School of Medicine. He moved to New York and
obtained his postgraduate education, taking sev-
eral annual leaves to visit centers in the United
States and overseas. He practiced with his father,
William, and his brother, Carl Mayo (1865-1939).
Together, they established the Mayo Clinic, one of
the most important centers in medical training and
research. He was a leading personality in various
associations, including the American Medical
Association, the Society of Clinical Surgery, and
the American College of Surgeons. He was very
interested in gastric surgery as well as rectal disor-
ders, particularly cancer. He published the first
cholecystectomy in 1893. With his brother, Carl,
he visited Dr. Kehr in Berlin. During his activities,
over 2100 papers were published [1].

In 1881, William S. Halsted (1852—-1922) per-
formed his first biliary operation in Albany,
New York, on his elderly mother, who was desper-
ately ill with jaundice, fever, and an abdominal
mass. He surgically incised the mass, releasing pus
and gallstones from the gallbladder. She recovered

from this acute illness only to succumb years later
to symptoms related to a ball-valve stone in the
common duct [2].

One of the early problems of biliary surgery per-
tained to methods of closing or draining the com-
mon duct after exploration. Halsted advocated that
a bile-tight closure of the duct made it unnecessary
to routinely drain the common bile duct after
exploration, a practice also advocated by a number
of Halsted’s trainees. Halsted also experimented
with drainage of the common duct via the cystic
duct, a technique that found few followers. A vari-
ety of tubes were devised for common duct drain-
age, but the rubber T-tube, introduced by Kehr in
the early 1900s proved to be the one universally
adopted.

The first major contribution was an answer to
Halsted’s admonition that “some sure and simpler
method must be devised for determining positively
the presence of stones of the ductus choledochus
after excision of the gallbladder.” In Argentina in
1931, Mirizzi developed the concept of operative
cholangiography by introducing iodized oil
(Lipiodol) into the duct at operation and recom-
mended the procedure as giving “precise results
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concerning the causes of biliary obstruction and
the indications for common duct exploration.” The
technique was quickly taken up in this country by
those who advocated the routine use of operative
cholangiography with cholecystectomy, a proposal
still being debated today!

Justus Christoph Ohage (1849-1935), born in
Hanover, Germany, in 1849, escaped from home
with two of his buddies and ended up in the United
States. He was accepted into the volunteer infantry
and became a soldier in the US Army. He began
his studies at the University of Missouri, and then
settled in St. Paul, Minnesota. As a physician, he
contacted William Mayo and knew about
Langenbuch, who performed the first cholecystec-
tomy 4 years earlier. There were so many patients
with gallstone disease. He experimented with cho-
lecystectomies in animals. In 1886, he operated on
a 34-year-old woman with a 3-month history of
right upper quadrant pain. The surgery was done
under ether narcosis and he was able to remove a
large, thin gallbladder with 135 stones. The patient

9 Early American Surgeons

was discharged on the 13th postoperative day and
lived until age 80. Ohage eventually left surgery
and became active in medical society [3].

Frank Glenn (1901-1982) published a famous
atlas of biliary tract surgery in 1963 with magnifi-
cent drawings of the anatomy and the various
anomalies as well as diseases of the biliary tract
and palliative operations. The total number of
Glenn’s biliary surgical cases was in the vicinity of
10,000, the largest experience in the country [4].
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Abstract

The persistent pioneering efforts of Rudolph
Schindler with the semi-rigid gastroscope
opened a new era of gastric pathology. The can-
nulation of the ampulla of Vater by McCune
etal. in 1968 and Oi in 1970 added another tech-
nique for detailed radiologic examination of the
biliary system (ERCP). The idea of a choledo-
choscope was suggested by Bakes, and such an
instrument was developed by Melver of
New York in 1941. These diagnostic procedures

10

have been of great assistance in the diagnosis of
biliary tract disease and have helped to reduce,
but sadly not to eliminate one of the most unfor-
tunate events in biliary surgery—the retained
common duct stone.

Keywords

Endoscopic history - ERCP - Choledochoscope
Stone extraction
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Hans Wildegans

Clarence Schein

The persistent pioneering efforts of Rudolph
Schindler (1888—-1968) with the semi-rigid gastro-
scope opened a new era of gastric pathology [1].
The present era of flexible endoscopy began with a
publication by Curtiss et al. in 1956 and the intro-
duction of the fiber-optic gastroscope by
Hirschowitz et al. in 1957. The development of the
Olympus fiber-optic duodenoscope 1968 was a
remarkable advance. The cannulation of the
ampulla of Vater by McCune et al. in 1968 and Oi
in 1970 added another technique for detailed radio-
logic examination of the biliary system (ERCP)
[2]. These diagnostic procedures have been of
great assistance in the diagnosis of biliary tract
disease and have helped to reduce, but sadly not to
eliminate, one of the most unfortunate events in
biliary surgery—the retained common duct stone.

Finding one or more stones remaining in the
common bile duct after what had been considered
a careful and complete biliary exploration has
encouraged surgeons to turn to other than reop-
eration to make stones disappear. The severe irri-
tation and pain caused by volatile solutions such

as ether or chloroform limited their use, but the
principle was reintroduced in 1972 by J. Way
et al., who proposed a solution of cholic acid [3],
and by Gardener who suggested a solution of
heparin [4]. Later the compound monooctanoin
was found to be more effective and less toxic.
Unfortunately, the percentage of retained stones
that could be dissolved by such treatments
remained small.

In the 1960s, Mazzariello, another Argentine
surgeon, reported the successful extraction of
stones through the mature T-tube sinus tract using
specially designed stone forceps [5]. Burhenne
reported over 600 cases of duct stones successfully
extracted under fluoroscopic control [6].

The idea of a choledochoscope was suggested
by Bakes, and such an instrument was developed
by Melver of New York in 1941 [7].

Hans Wildegans (1888—-1967), of Berlin, further
developed the rigid choledochoscope in 1953 and
reported an extensive experience in 1960 [8].
George Berci, in 1960, adapted the Hopkins lens
system to the rigid scope and greatly improved the
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visual image and the effectiveness of the instru-
ment [9]. Video-choledochoscopy by either the
rigid or flexible choledochoscope is another tech-
nique that can assist in minimizing the incidence
of retained common duct stones particularly in
cases of multiple stones. Successful extraction of
stones using flexible choledochoscopy introduced
through the T-tube sinus tract has also been
reported, but not widely used.

Biliary tract disease, so commonly encountered,
is so readily responsive to the local manual manip-
ulations of the surgeon. This provided a field of
surgery that developed quickly after general anes-
thesia lessened pain and Listerism reduced infec-
tion to a tolerable level. Writing in the early 1980s,
William Longmire (1914-2003) envisioned that
“the surgeon must be prepared, probably in the
not-too-distant future, to abandon the most com-
monly performed intra-abdominal operation and
move on to other fields of biliary tract lithiasis that
respond to the innovations of dietary and/or medi-
cal management” [10].

In the early 1980s the revolution spawned by the
laparoscopic approach to gallbladder disease had
not been appreciated but was on the horizon [2].
Beginning in 1970, Clarence Schein and George
Berci collaborated and corresponded for the next
50 years concerning biliary surgery and especially
intraoperative cholangiography and choledochos-
copy [11]. Biliary surgery was Schein’s major
interest. He established a unique teaching system
for surgical residents at Montefiore Hospital in
New York, NY. He published his famous book on
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acute cholecystitis [12] in 1972 with 629 refer-
ences. Over 200 publications by Clarence Schein
were accepted by periodic journals. Dr. Schein
was interested in reading surgical authors in their
original language, and therefore he started to learn
German to be able to read the classical authors in
their original tongue. His other major contribution
was to music; he played the clarinet.
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Abstract Keywords

The contributions of Heinz Kalk in Germany Laparoscopy - Endoscopy - Endoscopic history
and John Ruddock in the United States were

seminal in the development of laparoscopic

approaches to the biliary tract.
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Heinz Kalk

Heinz Kalk (1895-1973), Germany

Kalk [1] refined the laparoscopic system and,
using local anesthesia, performed and published
several thousand successful cases. Major indica-
tions were liver and pancreatic disease and intra-
abdominal carcinomas, as well as biopsies under
visual control with coagulation of bleeders. He
introduced the various degrees of laparoscopes. He
published 2000 successful cases in 1951.

John Ruddock (1891-1964), USA

Ruddock [2] served with the US Army and was a
Commander in the US Navy during World War
II. After retirement as an internist, he became

11 Laparoscopy

John Ruddock

interested in laparoscopy. He modified the tele-
scope and the biopsy forceps. He published 2500
successful cases performed under local anesthesia
with a standby anesthesiologist.
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Abstract

The British physicist, Harold Hopkins, devel-
oped a rod lens system in 1959 which was
smaller in diameter and produced a brighter
image with much more resolution. The work of
Hopkins, Berci, and Storz created an entire
series of smaller rigid endoscopes with vastly
improved performance and made a significant
impact on present and future clinical results.
The new optical systems connected to a video
display generated new areas where previous sur-
gical operations were replaced with endoscopic
approaches. The recording of procedures on
tape or single images was an additional help in
the documentation of cases.
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Video endoscopy

®

Check for
updates

Harold Hopkins

British physicist, Harold Hopkins (1918-1994)
developed a rod lens system in 1959 which was
smaller in diameter and produced a brighter image
with much more resolution. It opened immediately
a large number of applications, particularly lapa-
roscopy [1].

The fiber bundle light conduction and the
brighter and smaller xenon light source provided
safer and better images.

Hopkins also initiated the introduction of the
flexible optical and light guiding cables.
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12 Advances in Visualization for Laparoscopic Surgery

Karl Storz

Sybill Storz

Karl Storz (1911-1996) and his daughter,
Dr. Sybill Storz, were owners of a small German
engineering company. It was recommended by
George Berci that they contact Professor Hopkins,
thus initiating production of a new endoscopic sys-
tem (Fig. 12.1). The new optical system covered
the entire series of smaller rigid endoscopes with
vastly improved performance and made a signifi-
cant impact on present and future clinical results.
It also included the new miniature xenon light
source which produced a safer and brighter light as
well as a new smaller video system.

Upon receiving prototype samples, a series of
new endoscopic tools were designed and/or cre-
ated. These included pediatric bronchoscopes,
esophagoscopes, cystoscopes, and a laparoscope.

The new adult series broncho, cysto-, resecto-,
laparo-, thoracoscopes, etc. were made in the early
1960s. A very important area in the early stages
was urology with the new operating cysto-resecto-

Fig. 12.1 Schematic diagram of telescope. (a) Standard
lens system. Small optical elements are placed at intervals
along the cylinder. (b) The Hopkins rod lenses. Glass rods
replace the previous air intervals

scope [2, 3]. The new optical systems connected to
a video display generated new areas where previ-
ous surgical operations were replaced with endo-
scopic ones reducing hospitalization time and
postoperative or recovery days. The design of a
new video-intubation system also helped anesthe-
siology significantly [4].
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Looking through an existing monocular tele-
scope eyepiece only, a small image was observed
by the examiner (Fig. 12.2). The development of a
small TV camera (Fig. 12.3) made it possible to
observe the magnified image with both eyes from a
secure distance and became an important help in
teaching or assistance as well as improving collab-
oration with the entire operative team. The record-
ing of procedures on tape or single images was an
additional help in the documentation of cases.

The abovementioned improvements or replace-
ments played a significant role in the evolution of
the next generation of operative video endoscopy.

The enlarged binocular view improved vision
and recognition of smaller target areas. The assis-
tant was able to see simultaneously the same area.
This became an important teaching tool. The scrub
nurse was able to follow the procedure and simul-
taneous records (simple image, video) could be
made (Fig. 12.4).

Fig. 12.4 Significant
magnification of
surgical anatomy
allowed by modern
imaging

Fig. 12.3 Miniature television camera
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Abstract

There were a number of pioneers in laparo-
scopic cholecystectomy both in Europe and the
United States. These pathfinders developed
techniques and played a major role in the teach-
ing of minimal access approaches to gallbladder

The original version of this chapter was revised. The
correction to this chapter can be found at https:/doi.
org/10.1007/978-3-030-76845-4_20

surgery and the management of common bile
duct stones.
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History of laparoscopic cholecystectomy
Laparoscopic techniques
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Eddie J. Reddick
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13 Laparoscopic Cholecystectomies

Erich Miihe (1938-2005), a professional bike
rider, developed a bed bike system for patients in
the hospital to decrease postoperative pulmonary
embolism. He developed a Galloscope, which was
similar to a proctoscope in diameter. He created a
small incision above the gallbladder for this large
open tube system through which a light and, later,
a telescope were introduced. His idea was not
accepted and so he replaced the Galloscope with a
laparoscope in 1987. Unfortunately, Miihe was
killed in a bike accident in 2005 [1].

Frangois Dubois (1930-) published the first lap-
aroscopic cholecystectomy through celioscopie in
La Presse Médicale in 1989 and followed with other
laparoscopic cholecystectomy publications [2].

Jacques Perrisat (1923—) developed this proce-
dure in 1989 in Bordeaux France. He published a

year later his experience of laparoscopic cholecys-
tectomies (1990). He made a major contribution to
American surgeons when he appeared at the
SAGES Board meeting in October 1989 in
Louisville, Kentucky. He brought a videotape and
requested a time spot for a demonstration. It was
one of the major turning points to recognize a new
procedure and its potential. It created a great
debate at SAGES level and steps were taken to
evaluate a new procedure [3].

Eddie J. Reddick (1949-2020) from Nashville,
Tennessee, along with Douglas Olsen, performed
their first cholecystectomy in September 1988. His
group used an energy laser as a dissector for tran-
section of the tissues and published their first initial
experience in a laser journal followed a year later in
the SAGES Journal, Surgical Endoscopy [4].

Sung Tao Ko

Mohan C. Airan
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Doctors Ko and Airan published their first lapa-
roscopic cholecystectomies in 1989, using a tele-

scope with a teaching attachment for the assistant
(no video) [5].

’e
7,
£

Edward H. Phillips

George Berci

Edward Phillips [6-14] and George Berci [15-23]
visited Dubois in Paris and Reddick in the United
States in early 1989. In May of the same year, they
received the first laparoscopic sets and video system
enabling them to begin work in the research lab
before performing their first laparoscopic cholecys-
tectomy in 1989 on patients. They published results
of successful cases in 1989-1990.
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Room

J. Andrew Hamlin

Abstract

Cholangiography performed during biliary
surgery provides the surgeon with valuable
information regarding the anatomy of the bili-
ary tree and potential presence of ductal cal-
culi. Progress in the technical accomplishment
of this radiographic contribution to surgery,

fluorocholangiography, has contributed to
improved statistics regarding ductal injuries
and retained calculi.

Keywords

Intraoperative cholangiography -
Fluorocholangiography - Biliary imaging

At

It was recommended to design an operating room table which incorporates a fluoroscopic screen with a radiologist in
supine position during the biliary operation. (Porscher and Caroli, 1955)

The original version of this chapter was revised. The correction

to this chapter can be found at https://doi.org/10.1007/978-
3-030-76845-4_20
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14 Cholangiography in the Operating Room

The first radiographic report of biliary ductal
opacification was in 1915. Through an unsus-
pected communication between the duodenum
and gallbladder, barium, given for an upper GI
series, was seen to opacify the biliary tree.
Subsequently, abdominal cutaneous fistulogra-
phy also provided a route for opaque material to
gain entrance to the biliary tree. Radiographic
demonstration of the bile ducts occurred seren-
dipitously when a mixture of petrolatum paste
and bismuth was introduced into a cutaneous fis-
tula that developed in a female patient that had
undergone pelvic surgery 2 years earlier [1].
Lipiodol, an oil-based agent, temporarily replaced
bismuth as the contrast agent of choice [2].
However, because of the physical properties of
the oil, water-soluble iodinated agents came to be
preferred over lipiodol. In 1929, using a two-
staged surgical approach for patients with acute
cholecystitis or cholangitis, Cotte recommended
placing a decompression tube in the gallbladder
or common duct and examining the biliary tree

CANNULA

CYSTIC DUCT }
OPENING

by injecting contrast material through the indwell-
ing tube prior to the second operation [3].

Intraoperative cholangiography was introduced
in the early 1930s by Mirizzi and Losada [4, 5]. It
was readily apparent, using their technique, that
the bile duct anatomy, as well as any ductal leaks
and possibly intraductal calculi could be appreci-
ated and dealt with prior to closing the incision.
While radiographic equipment improved from that
time until the late 1970s, the basic technique of
intraoperative cholangiography remained largely
unchanged. This rather cumbersome technique
may account for the low percentage of biliary sur-
geons that adopted it.

Standard Operative Cholangiography [6]

At the appropriate moment, when surgical expo-
sure permitted, the surgeon placed a small catheter
or metal cannula into either the cystic duct or the
extrahepatic bile duct (Fig. 14.1). A syringe con-

CANNULA

HOLDING
CLAMP

CYSTIC DUCT

Fig. 14.1 (a) Injection cannula directed toward the opened cystic duct. (b) The cannula has been secured in the cystic

duct by a holding clamp
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taining radiographic contrast material was attached
by extension tubing to the catheter/cannula and a
sterile drape was placed over the incision. The
x-ray technician, standing by, was summoned.

The patient was rolled slightly to the left in
order for the x-ray technician to place a radio-
graphic film cassette between the patient and the
operating table, corresponding to the location of
the liver and bile ducts. Next the patient was rolled
slightly to the right to avoid having the extrahe-
patic duct projected on the spine. A portable x-ray
machine was either brought into the operating
room (OR) and rolled to the side of the operating
table. The x-ray tube was then positioned.

The surgeon began to slowly inject 2-3 ml of
contrast material and tell the x-ray technician when
to make an exposure. This process was commonly
repeated twice with additional small quantities of
contrast material injected for each exposure. The
x-ray technician then took the three film cassettes
to the dark room to be processed. Ten to fifteen
minutes would elapse before he/she would return
to the OR with the developed images. The total
time required was approximately 20-30 minutes.

Operative Fluoro-Cholangiography

In 1948, Porcher and Caroli [8] suggested design-
ing an operating table with an overhead x-ray tube
and a fluoroscopic screen attached underneath that
could be viewed by a radiologist lying beneath the
table. The impracticality of this arrangement failed
to generate interest.

Through the 1950s and 1960s progressive
development of fluoroscopic image intensification
along with improvement in television display
made possible real time observation of high-qual-
ity images. With development of portable image
intensification, various investigators [7, 9-12]
began to employ the equipment in the OR for
cholangiography and it also became an important
tool for orthopedic surgery. By the mid-1970s,
these improvements were incorporated in a por-
table C-arm apparatus. The C-arm construction
assured the alignment of the x-ray beam with the
image intensifier (Fig. 14.2).

Fig. 14.2 Portable C-arm for fluoroscopy with accompa-
nying mobile imaging screens and recording apparatus

For use in the OR, particularly in operative chol-
angiography, a brief fluoroscopic exposure dis-
played on the television monitor makes it easy to
be certain the biliary tree is in the field of view. If
not, the technician could make the necessary posi-
tioning adjustments. Before injecting diluted
water-soluble contrast material, a short fluoro-
scopic image and scout exposure of the surgical
field would also alert the surgeon to the presence
of opaque objects such as hemoclips, instruments,
retractors, monitoring wires, nasogastric tubes, or
sponge markers that might obscure the ducts. If
possible, these opaque objects should be removed
from the field. During the study, the televised
images are viewed in real time by the operating
surgeon and 6—8 permanent images, captured from
the image intensifier, are exposed and stored. With
remote audio-visual connection to the Xx-ray
department, the participating radiologist simulta-
neously views the television images and can com-
municate with the surgeon.

It became apparent that the use of undiluted
iodinated contrast material could obscure ductal
calculi, therefore water-soluble contrast material
(diatrizoate: Renografin-60 or Hypaque), diluted
50-50 with saline, was preferred (Fig. 14.3). With
a slow, progressive injection of the diluted contrast
material, a gradual increase in opacification of the
ducts also improved diagnostic accuracy (Fig. 14.4).
For a permanent record, individual images could be
exposed as the study progressed. Cholangiography
requires approximately 10—15 minutes.
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Benefits of the Cholangiogram

In 1981, we published our experience examining
500 consecutive operative cholangiograms using

Fig. 14.3 Bile duct opacification, including the sphinc-
teric portion, with contrast material flowing into the duo-
denum. Note the cannula, holding clamp and hemoclip

14 Cholangiography in the Operating Room

the fluorocholangiographic method (6-9 films per
patient) [13].

Biliary Ductal Anatomy

Variations from the standard anatomy of both the
segmental intrahepatic and extrahepatic bile ducts
are common. A cholangiogram presents a map of
the ducts and knowledge of that display may pre-
vent a ductal injury to one or more of these
anatomies.

The usual anatomic display shows the right dor-
socaudal segmental duct joining the right ventro-
cranial segmental duct to form the right hepatic
duct. In our material that anatomical relationship
occurred only 72% of the time. In 22%, the right
dorsocaudal segmental duct joined the left hepatic
duct. The right ventrocranial segmental duct joined
the left hepatic duct while the right dorsocaudal
branch continued as the right hepatic duct in 6%.

The confluence of the right and left hepatic
ducts forms the common hepatic duct, the length
of which may vary depending on the level of con-
fluence of the hepatic ducts. Also, occasionally
noted are accessory ducts, usually small, which

Fig. 14.4 Calculi may be obscured by contrast material that is either too dense or over-injected. (a) Faceted calculus
is shown in the common hepatic duct. (b) With additional contrast injected the calculus is obscured
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Fig. 14.5 Cystic duct anatomy. The lateral entry is only
17%. Anterior or posterior entry: 41%. Spiral type: 35%
and a parallel run: 7%. The recognition of the cystic duct
anatomy at an early part of surgery (by IOC) is of great
help to recognize injuries in time

exit the liver and join the common hepatic duct.
When these variations or anomalies occur unex-
pectedly, the potential for transection leading to
postoperative bile leak is great.

In most textbooks the cystic duct is usually
shown entering the lateral aspect of the extrahe-
patic common duct. In our study, that occurred in
only 17% of cases. In 41% of our cases, the entry
was either anteriorly or posteriorly into the com-
mon duct, while a spiral course of the cystic duct
was noted in 35% with the cystic duct passing pos-
terior to the common duct to enter on the medial
aspect of the common duct (Fig. 14.5). In 7%, the
cystic duct coursed parallel to the common bile
duct on its lateral aspect to join it near the
sphincter.

Biliary Duct Stones

When the clinical presentation suggests the pres-
ence of choledocholithiasis, cholangiography and
common duct exploration are expected (Fig. 14.6).

Fig. 14.6 Common hepatic duct calculus is demon-
strated. When numerous ductal calculi are discovered,
making complete clearing difficult or impossible, a cho-
ledochoduodenostomy may be necessary

In many patients that present for cholecystectomy,
however, no signs or symptoms of choledocholi-
thiasis were recognized prior to surgery. In our
experience with 500 consecutive cholecystecto-
mies, each of which underwent routine operative
fluorocholangiograms, we found unsuspected cal-
culi in 25 patients. Five percent of our patients had
unsuspected ductal calculi that were discovered on
the operative fluorocholangiogram, each of which
had the stones removed during the primary opera-
tion, thereby obviating the need for a subsequent
operation. Our findings concur with other investi-
gators that have reported unsuspected ductal cal-
culi in 4-10% of patients (Figs. 14.7 and 14.8).

In open surgery (choledochotomy) the surgeon
is placing a T-tube and performing a completion
cholangiography to make sure no stones were left.
In approximately 3—4 weeks (with no symptoms) a
cholangiogram is made before the T-tube is pulled.
In case an overlooked stone was found, we were
able to remove it with local anesthesia with the
help of the Choledochoscope (Fig. 14.9).
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Fig. 14.9 Intraoperative Choledochoscopy is known. In
certain cases of difficult anatomy, it is easy to remove
them under visual control

Fig. 14.7 Common hepatic duct calculus. Fusiform dila-
tation of the distal common duct
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Bile Duct Injuries

Abstract

Operative cholangiograms performed during
laparoscopic cholecystectomy may identify
anomalies of the biliary system in order to
reduce the incidence of ductal injury. The use of
these techniques may disclose extravasation of
contrast agents that indicate ductal injuries.
Once identified, these injuries may be corrected
if appropriate surgical skill sets are available.

Keywords

Bile duct injury - Bile duct anomalies -
Operative cholangiography

Biliary surgery was well known to the practicing
surgeons. The sudden introduction of a different
procedure (laparoscopic) was new for the already
trained surgeon to accept and then be re-trained.

Having experience and data collected in the past
15 years, it was logical to think that in a closed,
technically more difficult, surgical procedure, the
already-known IOC process would be of help and
be accepted [1].

In case of unexpected anatomical findings and
contrast leakage seen on 10C, the patient could be
explored immediately, and more complex postop-
erative surgeries avoided.

Two major complications were observed: bile
duct injuries (Fig. 15.1) and existing or retained
CBD stones [2]. The problems were already
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reported in 1932 by Mirizzi [3] who recommended
operative  cholangiography, based on his
experience.

In the organized tutorial sessions by SAGES
(Society of American Gastrointestinal and
Endoscopic Surgeons), IOC was included in the
program but when it came to the transfer to their
own practice, in the majority of cases, it was not
performed.

The extension of OR time of 10—15 minutes, for
example, in a 90-120-minute surgery, does not
create complications.

The technician was called in at the start of chol-
angiography. The mobile image amplifier used
also by orthopedic surgeons was brought in and
placed on the patient’s right side after the case is
anesthetized. Additional tools and contrast materi-
als are prepared by the nurse.

Surgeons, assistants, and nurses need lead
aprons. There is no radiation hazard to the patient
or the personnel [4] (Figs. 15.2 and 15.3).

After one or two cases of a training period, it
takes approximately 15 minutes OR time exten-
sion to complete the procedure.

During slow injections, the anomalies of the
cystic duct are immediately visible, and the entire
(normal) anatomy of the Biliary tract (Figs. 15.4
and 15.5) are observed.

In case of operative cholangiograms, the most
important findings, such as anomalies, extravasa-
tion of contrast or ductal injuries can be immedi-
ately recognized, and corrective surgery initiated
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Fig. 15.3 The surgeon and the scrub nurse with a lead
apron standing behind a mobile translucent lead shield.
There will be almost zero hazard of radiation in case of
6 feet [4]

Fig. 15.1
tal injury

Fig. 15.2 Nurse and anesthesiologist should have a lead protective apron when performing an IOC



15 Bile Duct Injuries 95

Fig. 15.6 Pulling a short cystic duct, the hepatic duct can
Fig. 15.4 A distal CBD with sphincter and the contrast ~ be easily clipped

Fig. 15.7 This was a complete dissection of the CBD,
which was immediately discovered and explored during
Fig. 15.5 The proximal hepatic system with branches is the laparoscopic procedure. A Ductal-entero-anastomosis
well-seen was performed in the first session. Followed up and no
symptoms
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Fig. 15.8 Small extravasations were observed, and the
patient was explored and repaired. The case was followed
for several months without complications

Fig. 15.9 Ductal injury immediately recognized and
explored. Ductal continuity established and drained.
Patient followed up to 3 months. No second surgery

Fig. 15.10 During cholangiography, no contrast material
was detected in the proximal duct, and therefore, the case
was immediately explored, clips removed. It was possible
to re-anastomoze the hepatic duct and evaluate the conti-
nuity by repeated cholangiograms. Followed up for
3 months. No symptoms

(Figs. 15.6, 15.7, 15.8, 15.9, and 15.10). The
patient does not need to wait with symptoms to be
referred with an acute abdomen for re-exploration
with a high morbidity and mortality.
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Common Bile Duct Stones and
Choledocholithotomy

Abstract

The presence of CBD stones occurs in 70,000—
100,000 (10%) cholecystectomies per year. The
video choledochoscope made it easier to dis-
cover these calculi and to remove extrahepatic
stones during the initial operation. Appropriate
teaching of surgical stone extraction at the time
of laparoscopic cholecystectomy is lacking in
academic medical centers leading to greater
dependence on postoperative ERCP.

Keywords

Common bile duct stones - Endoscopic stone
extraction - Retained stones

The removal of a stone(s) during an open com-
mon bile exploration was sometimes a difficult
task due to the variety of the anatomy, inflamma-
tions, size and location of calculi, just to mention
a few factors. The introduction of IOC was a great
help. Endoscopic inspection of the anatomy
therefore was improved. The incidents of retained
calculi decreased [1].
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The video choledochoscope made it easier to
discover the calculi, to see the anatomy, the
anomalies, the stone, and the basket position on
an enlarged screen and obtain help from the assis-
tant and scrub nurse [2]. It became a significant
helping factor during laparoscopic lithotomy to
complete the entire procedure in one session [3]
(Figs. 16.1, 16.2, and 16.3).

CBD Stones

The presence of CBD stones occurs in 70,000—
100,000 cases per year. The successful removal of
CBD stones during laparoscopy is well known and
has been done with the help of IOC by trained sur-
geons combining CBD stone removal with IOC and
choledochoscopy in the same session (Table 16.1).
Today, 700,000 patients have to undergo a second
procedure with 5% pancreatitis and 1 to 2 days hos-
pitalization or 0.1-0.2% of perforation or bleeding
requiring urgent intervention [4—14].
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Figs.16.1,16.2,16.3 Removal of CBD stones in ONE session. Choledochoscope and Cholangiogram show Multiple
stones. No stones in the distal duct on completion cholangiogram

Table 16.1 Results of laparoscopic biliary surgery from FACS, David E. Fermelia, MD, FACS, Neel R. Joshi, MD,
the Department of Surgery, Cedars Sinai Medical Center ~ FACS, Edwards H. Phillips, MD, FACS, and Gregory
K. Tsushima, MD, FACS.

Laparoscopic Cholecystectomies 2014-2020

Laparoscopic Cholecystectomy 663 .

Intraoperative cholangiography 663 Figures 16.1 and 16.2 demonstrate CBD stones

CBD stones 60 removed by choledochoscopy, and Fig. 16.3
shows a final negative cholangiogram of the

We would like to acknowledge the Cedars Sinai Medical
Center surgeons who performed IOC, the surgery and
reported their findings: Matthew B. Bloom, MD, FACS,
Miguel A. Burch, MD, FACS, Brendon J. Carroll, MD,

CBD system.
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Impact on Surgical Practice—Personal
Reflections from the Shop Floor

Alfred Cuschieri

Abstract

The essence of this new surgical approach is the
reduction of the trauma of access; hence the appro-
priate name is Minimal Access Surgery (MAS).
Laparoscopic cholecystectomy has changed surgi-
cal practice across all the surgical disciplines and
even changed current open surgical practice by
earlier ambulation and reduction of hospital stay.
The likely way ahead in specialist care of patients
might well follow a new paradigm in the quest for
improved patient outcome and further reduction of
the traumatic insult to the patient by a new team
approach of MAT (Minimal Access Therapy).

Keywords

Minimal Access Surgery - Laparoscopic sur-
gery guidelines - Surgical controversies

Introduction

This chapter is based on personal experience as
Chairman of the Department of Surgery, Molecular
Oncology and Technology at the University of Dundee
Scotland between 1st June 1976 and 30th September
2003, when I was fortunate enough to be offered a
Chair of Surgery and Technology by the Italian
Government until my return to Scotland as the Chief
Scientific Advisor to the newly established Institute
for Medical Science and Technology (IMSaT). When

The original version of this chapter was revised. The correc-
tion to this chapter can be found at https://doi.org/10.1007/978-
3-030-76845-4_20

© The Author(s), under exclusive license to Springer Nature Switzerland
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in Liverpool as lecturer and senior lecturer in the early
1970s, 1 developed a strong research interest in lapa-
roscopy with its special application to oncology (lym-
phomas), the management of which at that time
involved a staging laparotomy to exclude infradia-
phragmatic disease. I was fortunate enough to be
noticed by Professor David Weatherall, a prominent
UK hematologist at the Royal Infirmary in Liverpool
who subsequently was recruited as Professor of
Medicine at the University of Oxford and duly
knighted for his services to academic and clinical
hematology. He encouraged me to undertake an initial
laparoscopy trial and note findings before proceeding
to the staging laparotomy and splenectomy, standard
practice at the time. The correlation of the findings
between laparoscopic staging and staging laparotomy
was close. But what turned out to be my good fortune
was a publication in the British Journal of Surgery of
a paper entitled “Laparoscopy for the jaundice
patient.” This caught the attention of Dr George Berci,
who personally invited me to Cedars Sinai Hospital in
Los Angeles, where I gave two lectures, chaired by
the late Dr Leon Morgenstern, Chairman of the
Department of Surgery at Cedars, who was the most
outstanding, cultured, and gifted human being I have
ever encountered. As for Dr Berci, we became and
remained close friends ever since.

In view of the complexity of the topic with so
many issues and controversies, some of which per-
sist to this day, the account is laid out in the fol-
lowing sections.
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Nomenclature and Origin
of Laparoscopic Surgery/
Cholecystectomy

Worldwide the new surgical approach is known
and in well-established usage as Minimally
Invasive Surgery (MIS); but this is wrong as “to
invade” is absolute. It is like saying “Hitler mini-
mally invaded Poland and started world war I1.”
Any breach of the skin by a needle, bee sting,
whatever, can prove fatal in individuals with the
innate genotypic susceptibility. The essence of the
new surgical approach is the reduction of the
trauma of access; hence the appropriate name is
Minimal Access Surgery (MAS). This is preferable
to endoscopic surgery as this does not describe the
essential features of the approach (Fig. 17.1).

In the controversy of who did the first laparo-
scopic cholecystectomy (LC), one needs to
remind the readers that laparoscopic surgery as
we know and practice it safely with dedicated
technology with insufflation to safeguard the
hemodynamic cardiovascular state during long
periods of positive pressure ventilation, safe
entry into the peritoneal cavity, and incredible
imaging technology based on OLED colored
monitors with 4 and 8 K resolution, including
progressive 3D, has only come on the scene dur-
ing the last 40 years. Hence the truth is that the
advent of MAS is as much owed to technological

OPEN SURGERY MAS

ACCESS TRAUMA ACCESS TRAUMA
PROCEDURE PROCEDURE
TRAUMA TRAUMA

Fig. 17.1 Basic concept of MAS to reduce the trauma of
access. Downside of MAS kinematic restriction to 4
degrees of freedom
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advances in physics and optical engineering as it
is to the early European pioneers, if not more.
MAS LC followed the same maturation process
(Fig. 17.2) as all other disruptive technologies,
which change how humans live, communicate,
and work. The term “disruptive technologies”
was first described by Clayton M. Christensen of
the Harvard Business School in his 1997 book,
The Innovator’s Dilemma.

The maturation of disruptive technologies pro-
gresses slowly along a complicated process initi-
ated by a Technology Trigger (based on research
and development (R&D) followed by an initial
peak of inflated expectations, then a trough of dis-
illusionment (as limitations and problems are
experienced), succeeded by a realistic upward
slope of enlightenment as improved second gener-
ation products come on stream and lead to a high
growth adoption of potential users of matured
third generation products. The technology under-
pinning MAS laparoscopic surgery followed the
same maturation time frame of 25-30 years, but
regrettably, was initially (for several years) a
peripheral development as the main teaching hos-
pitals and tertiary referral centers were, with a few
exceptions, hesitant in their support for the new
surgical approach.

Performance

use

Low quality

Time

Fig. 17.2 08758458 Christensen Clayton M. (1997). The
Innovator’s Dilemma, Harvard Business School Press.
ISBN 51
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General Considerations

LC is a very common operation with an optimal
clinical outcome in the vast majority of patients. In
the United States alone, 500,000 LC operations are
performed annually with an overall morbidity
lower than 1.5%, and negligible mortality, averag-
ing 0.1% [1]. However, the outcome is influenced
by age, ASA status, and specific comorbid disor-
ders exemplified by cirrhosis. The outcome of LC
in patients with liver cirrhosis and symptomatic
cholelithiasis not exceeding Child-Pugh A and B is
well reported in the literature. These patients tend
to be older than noncirrhotic patients undergoing
LC for symptomatic cholelithiasis. They have a
high conversion rate (averaging 16%), longer dura-
tion of hospital stay due to a postoperative unstable
hemodynamic state, which may require high depen-
dency or intensive care. In addition, they require a
significantly longer postoperative hospital stay and
incur major morbidity but with a low/acceptable
mortality. Hence cirrhotic patients do not exceed
Child-Pugh A and B stage, and they can be treated
by LC for symptomatic gallstone disease [2, 3].

Increased risk in the elderly undergoing LC A
recent study on postoperative risk of LC in the
elderly was compared to younger patients by a sys-
tematic literature search of PubMed, EMBASE, and
the Cochrane Library databases. This meta-analysis
undertaken in accordance with the Cochrane Library
and PRISMA guidelines reported on overall mor-
bidity (primary endpoint) and conversion to open
surgery, bile leaks, postoperative mortality, and
length of stay (as secondary endpoints). The meta-
analysis was based on 99 studies totaling 326,517
patients. Increasing age was significantly associated
with increased overall morbidity (OR 2.37, CI1 95%
2.00-2.78), major complication (OR 1.79, CI 95%
1.45-2.20), risk of conversion to open cholecystec-
tomy (OR 2.17, CI 95% 1.84-2.55), risk of bile
leaks (OR 1.50, CI 95% 1.07-2.10), risk of postop-
erative deaths (OR 7.20, CI 95% 4.41-11.73) in
addition to increased length of stay (MD 2.21 days,
CI95% 1.24-3.18) [4].
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Need for antibiotic prophylaxis (AP) Although
various previous systematic reviews concluded
that AP is not warranted in low-risk LC, many of
these studies were underpowered with a relatively
small sample size. Hence this view was never
accepted by many surgeons who were proved right
by the results of a recent prospective randomized
controlled clinical trial (RCT). In this study,
patients scheduled for elective LC were randomly
assigned to two arms: those receiving AP and those
who did not. The primary endpoint was the occur-
rence of postoperative infections, with secondary
endpoints being postoperative hospital stay and
medical costs. The study assigned 518 patients to
receive AP and 519 who did not. Surgical site, dis-
tant and overall infections were significantly lower
in the AP group compared to the no AP cohort (0.8
vs. 3.7%, p = 0.001, OR: 0.205 (95% CI: 0.069-
0.606); 0.4 vs. 3.1%, p = 0.0004, OR: 0.122 (95%
CI: 0.028-0.533); 1.2 vs. 6.7%; p < 0.0001, OR:
0.162 (95% CI: 0.068-0.389), respectively). The
postoperative hospital stay was significantly
shorter in the AP group (mean, SD: 3.69 + 1.56 vs.
4.07 = 3.00; p = 0.01) as were the postoperative
medical costs in the AP group (mean, SD:
$766 =341 vs. 832 £ 670; p=0.047). Multivariable
analysis confirmed as independent risk factors for
postoperative infectious complications: no AP
(» <0.0001) and age 65 or older (p = 0.006). Hence
AP is recommended in elective LC as it reduces
postoperative infectious complications and medi-
cal costs [5].

Conversion to open surgery The importance of
this aspect of good judgment is insufficiently
stressed in the published literature. Conversion is
best considered in two categories: elective and
enforced. Elective conversion is defined as lack of
material progress in the conduct of an operation
most commonly because of adhesions from previ-
ous surgery or fibrosis in the porta hepatis/Calot’s
triangle region. There have been no studies that
confirm the ideal duration of this period of trial
dissection, but the consensus view is that it should
not exceed 20 min of-non-productive attempts at
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safe exposure of the extrahepatic biliary tract. In
contrast enforced conversion is required for a seri-
ous intraoperative iatrogenic injury or life-threat-
ening hemorrhage.

One meta-analysis evaluated preoperative risk
factors for conversion of LC to open cholecystec-
tomy in all clinical studies published from 1990 to
2012 searched in the Med-line, Embase, Science
Citation Index, and PubMed databases. Random
and fixed-effect models were used to aggregate the
study endpoints and assess heterogeneity. Eleven
non-randomized clinical trials involving 14,645
patients (940 in the conversion (LOC) group and
13,705 in the LC group) were included in the meta-
analysis. From the pooled analyses, age >65 years
(OR=1.83,95% CI (1.31,2.45), p<0.0001), male
gender (OR = 223, 95% CI (1.59, 3.12),
p < 0.00001), diabetes mellitus (OR = 1.89, 95%
CI (1.30, 2.75), p = 0.0009), acute cholecystitis
(OR = 3.37, 95% CI (1.83, 6.20), p < 0.0001),
thickened gallbladder wall (OR = 6.04, 95% CI
(4.11, 8.88), p < 0.00001), and previous upper
abdominal surgery (OR = 4.43, 95% CI (2.17,
9.04), p < 0.00001) were independent predictive
risk factors for conversion. Previous lower abdom-
inal surgery, preoperative endoscopic retrograde
cholangiopancreatography (ERCP), and the gall-
stone pancreatitis were not significantly associated
with conversion (all p > 0.05) [6]. Similar findings
were reported by other studies including [7].

A large single center study reviewed the rate
and causes of conversion from laparoscopic to
open cholecystectomy (OC). It included all LCs
for symptomatic gallstone disease undertaken
from May 1999 to June 2010. The exclusion crite-
ria were malignancy and/or existence of gallblad-
der polyps detected pathologically. Of 5382
patients in whom LC was attempted, 5164 were
included in this study. The overall rate of conver-
sion to OC was 3.16% (163 patients) consisting of
84 male and 79 female patients; mean age of
52.04 years (range, 26—85) with a female-to-male
sex incidence of 5.6% and 2.2%, respectively
(p < 0.001). The most common conversion rate
was observed in males and in patients of both sexes
with severe adhesions and fibrosis of Calot’s tri-
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angle. The overall postoperative morbidity rate
was 16.3% in patients who were converted to open
surgery [8].

Bile duct leaks in the absence of major bile duct
injury The management of bile leaks following
LC in a minimally invasive management protocol.
Reported in a series of 24 patients with a bile leak
following consecutively between two periods: (i)
10 patients between 1993 and 2003 were managed
on a case-by-case basis and (ii) 14 between 1998
and 2003 were managed according to a minimally
invasive protocol utilizing ERC/biliary stenting
and re-laparoscopy if indicated. Bile leaks pre-
sented as bile in a drain left in situ post LC (8/10
vs. 10/14) or biliary peritonitis (2/10 vs. 4/14).
Prior to 1998, neither ERC nor laparoscopy was in
routine use locally. During this period, 4/10
patients recovered with conservative management
and 6/10 (60%) underwent laparotomy. There was
one postoperative death and median hospital stay
post LC was 10 days (range, 5-30 days). In the
protocol era, ERC =+ stenting was performed in
11/14 (p = 0.01 vs. pre-protocol) with the main
indication being a persistent bile leak.
Re-laparoscopy was necessary in 5/14 (p = 0.05
vs. pre-protocol). No laparotomies were performed
(p <0.01 vs. pre-protocol) and there were no post-
operative deaths. Median hospital stay was 11 days
(range, 5-55 days). The results of this study con-
firmed the introduction of a minimally invasive
protocol utilizing ERC and re-laparoscopy offers
an effective modern algorithm for the management
of bile leaks after LC [9].

ERCP with placement of a biliary stent or naso-
biliary (NB) drain is the procedure of choice for
treatment of post-cholecystectomy bile duct leaks.
The study compared the effect of NB vs. internal
biliary stenting on rates of leak closure, time
elapsed until drain or stent removal, length of hos-
pital stay, and number of endoscopic procedures
required. The study involved 20 patients who
underwent LC complicated by Luschka or cystic
duct leaks, 10 of whom were treated with NB
drains connected to low intermittent suction and
repeat NB cholangiograms performed until leak
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closure. Another 10 patients were treated with
insertion of internal biliary stents. Biliary sphinc-
terotomies were performed for stone extraction or
a presumed papillary stenosis. Large bilomas were
drained percutaneously prior to stenting.

In all 20 patients, a cholangiogram and suc-
cessful placement of an NB drain or internal stent
was achieved. Four patients (20%) were found to
have ductal stones, which were extracted follow-
ing a sphincterotomy. Sixteen patients required
percutaneous drainage of large bilomas prior to
biliary instrumentation. Ten biliary leaks (15
from cystic duct leaks and 5 ducts of Luschka)
were reviewed. Closure of the leak was docu-
mented within 2-11 days (mean 4.7 + 0.9 days)
in patients receiving an NB drain. The drains
were removed non-endoscopically following leak
closure. The internal stent group required stent-
ing for 14-53 days (mean 29.1 + 4.4 days). The
stent was then removed endoscopically after doc-
umented closure of leaks. Bile leaks following
LC closed rapidly after NB drainage and did not
require repeat endoscopy for removal of the NB
drain, resulting in fewer ERCPs required for their
treatment. Internal biliary stents were in place
longer owing to the nature of this intermittent
endoscopic approach but an accurate comparison
of time to leak closure could not be determined.
Leak closure resulted once the bile flow was rees-
tablished. However, removal of NB drains was
performed earlier than removal of the biliary
stents. The number of ERCPs required per patient
was 1.0 £ 0 in the NB group and 2.2 + 0.1 (range,
2-3) in the internal stent group. The length of
hospitalization was 8.7 = 3.3 days for the NB
group and 7.5 + 2.3 days for the internal stent
group. Biliary stent placement resulted in an
insignificant decrease in hospitalization at the
expense of requiring twice as many endoscopic
procedures. This study suggests that NB drainage
may be advantageous in patients requiring a pro-
longed hospital admission or in patients in whom
repeat endoscopy is undesirable. Internal biliary
stenting appears preferable when early discharge
is anticipated or when expertise in placement and
management of NB drains is not available or
lacking [10].
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Early recognition of complications after
LC Enables prompt intervention and may lead to
an improved patient outcome. Imaging studies are
necessary to exclude biloma, hematoma, and
abscess formation. However, a small amount of
fluid in the gallbladder fossa is commonly seen
postoperatively on ultrasonography (US). Dilatation
of intrahepatic ducts is always significant and
indicative of obstruction either from retained stones
or iatrogenic bile duct injury. The use of hemostatic
agents placed in the gallbladder bed, for example,
oxidized regenerated cellulose is inadvisable as
when imaged during postoperative period, it can be
mistaken for a hematoma, abscess [11, 12], or less
commonly, tumor [13, 14].

Initial Nosocomial Surgical Epidemic

The first large reported retrospective series of LC
was based on data from seven European centers
involving 20 surgeons who undertook 1236 LCs.
The operation was completed in 1191 patients.
Conversion to open cholecystectomy was neces-
sary in 45 patients (3.6%) either because of techni-
cal difficulty (n = 33), the onset of complications
(n = 11), or stapler disposable instrument failure
(n = 1). There were no deaths reported, and the
total postoperative complication rate was 20 of
1203 (1.6%), with nine being serious complica-
tions requiring laparotomy. The total incidence of
bile duct damage was 4 of 1203 (0.003). The
median hospital stay was 3 days (range, 1-27 days)
and the median time to return to full activity after
discharge was 11 days (range, 742 days) [15].
The article concluded that LC was safe but failed
to realize that we had initiated a maelstrom which
lasted several years. In retrospect the reason for
this initial nosocomial surgical epidemic were sev-
eral. In the first instance, with few exceptions of a
few European and North American centers, most
of the mainstream teaching hospitals and tertiary
referral centers refused to back the new MAS
approach. Consequently, LC uptake was initially a
peripheral uncontrolled development since it pre-
dated Institutional Review Boards (IRBs) and
Credentialing with granting of privileges to
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attending surgeons; and their equivalent in other
countries. This being the case, in most instances
when adopting new technologies and surgical
approaches, most physicians tend to be guided by
their sense of professionalism and duty of care, in
avoiding any harm to the patients they treat and are
wary of potential lawsuits. Additionally, hospitals
share the medicolegal risks by establishing and
confirming the qualifications of licensed attending
physicians and by authorizing them for specific
patient care services (privileging).

None of the above checks existed anywhere dur-
ing the period 1988-1993. One prominent highly
respected surgical academic, who served on the
editorial board of the New England Journal of
Medicine, called it “the greatest irresponsible free
for all in the history of surgery.” The situation was
compounded by two additional contributing cofac-
tors: one involving the few surgeons on both sides
of the Atlantic, who were involved as pioneers in
the training of surgeons in the MAS laparoscopic
approach to ensure competence in the execution of
LC and other MAS operations, as fully competent
surgeons who in turn trained others on a scheme
referred as “training the trainers.” The unwitting
error in the training process enacted by these train-
ers (myself included) was the introduction and use
of edited videos of LC and other operations which
proved counterproductive. These edited videos by
removing technical errors imparted the wrong
message that safe execution LC and other laparo-
scopic procedures was easy for any surgeon fully
trained in conventional open surgery. This practice
was an error of judgment, as it failed to recognize
the importance of training and skills acquisition of
technical errors, especially how to avoid them or
the remedial actions needed.

The initial nosocomial epidemic was character-
ized by two dramatic consequences: major bile
duct injuries and vascular injuries with catastrophic
hemorrhage.

Major bile duct injuries MBDI Overall, MBDI
enacted during LC increased fivefold worldwide,
all being serious and, in a small subset, life threat-
ening. The latter are patients who sustained com-
bined vascular-MBDI, as in essence, they
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developed acute or chronic liver failure from sec-
ondary biliary cirrhosis with end-stage liver dis-
ease requiring liver transplant (LT) for survival.
Furthermore, a substantial cohort, despite obtain-
ing improved liver function with subsidence of
jaundice and itching improved by reconstructive
hepaticojejunostomy, remains subject to episodes
of recurrent cholangitis for the rest of their lives.

Clinically patients who sustain MBDI are
severely ill and jaundiced with intermittent fever.
They complain of abdominal pain requiring anal-
gesic medication and exhibit abdominal tender-
ness with rebound from biliary peritonitis. One
review of their management concluded that they
are best avoided by careful dissection of the key
structures and correct interpretation of the anat-
omy. This review stresses the importance of rou-
tine, as opposed to selective, intraoperative
cholangiography (IOC) which is associated with a
lower incidence of MBDI and their early recogni-
tion. It also stresses the importance of early detec-
tion and repair in ensuring an improved patient
outcome. However, there is controversy on the
optimal time for surgical reconstruction. The
authors of this review indicate that the minimum
standard of care after the recognition of MBDI
consists of immediate referral to a surgeon or
experienced unit with the resources to manage and
repair these complex injuries [16].

A small subset of patients with combined vascu-
lar and MBD requires liver transplantation (LT)
for survival. Several large series have been reported
from both sides of the Atlantic [17-20].

There has been only one prospective case regis-
tration based on a national database with participa-
tion by all Departments of Surgery performing LC
in Denmark undertaken since the first operation in
January 1991. During this period, 57 of 7654
patients sustained bile duct injury (0.74%; 95% CI,
0.55-0.94%), including nine injuries occurring after
conversion. The annual incidence during the entire
study period did not change. Thirty-nine percent of
the laparoscopic bile duct injuries (BDI) were inci-
sions, 39% were transections, and 12% were clip
injuries or strictures. One patient, who sustained
transection during open reoperation for bleeding
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during the converted operation, died. Acute chole-
cystitis was the indication for LC in 968 patients,
with 1.3% sustaining laparoscopic BDI (95% CI
0.62-2.08%), while the incidence in patients with
other indications for LC was lower at 0.62% (95%
C10.44-0.82%) (p > 0.05). Preoperative knowledge
of bile duct anatomy was available in 26% of
patients undergoing LC but this did not reduce the
risk of BDI. The frequency of BDI in patients who
had intraoperative cholangiography was not signifi-
cantly different from those who did not.

Conclusions The main conclusion from this
national registry study is that the incidence of BDI
in LC is higher than previously generally antici-
pated and did not decrease from 1991 through
1994 [21].

Optimal time for reconstruction of
MBDI Except for patients with combined vascu-
lar and MBDI requiring urgent LT for acute liver
failure, there has been an ongoing controversy
regarding the optimal timing of surgical recon-
struction after MBDI. To a large extent, this has
been resolved by systematic review designed to
establish the optimal time for remedial surgery
usually in a tertiary referral center. The search used
PubMed, Embase, and Cochrane databases for
publications between 1990 and 2018 reporting on
the timing of hepaticojejunostomy for MBDI
(PROSPERO registration CRD42018106611).
The main outcome measures for the systemic
review were: postoperative morbidity, postopera-
tive mortality, and anastomotic stricture. Data for
comparable time intervals were pooled using a
random-effects model. In addition, data for all
included studies were pooled using a generalized
linear model. Twenty-one studies were included,
representing 2484 patients. The study looked at the
outcome following different time intervals: (i) 8
with time intervals of less than 14 days (early), (ii)
14 days—6 weeks (intermediate), and (iii) > than
6 weeks (delayed). Meta-analysis revealed a higher
risk of postoperative morbidity in the intermediate
interval; early vs. intermediate: risk ratio (RR)
0-73, 95% CI 0-54-0-98; intermediate vs. delayed:
RR 1-50, 1-16—1-93. Stricture rate was lowest in
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the delayed interval group; intermediate vs.
delayed: RR 1-53, 1.07-2-20. Postoperative mor-
tality did not differ between time intervals.
Additional analysis demonstrated increased odds
of postoperative morbidity for reconstruction
between 2 and 6 weeks, and decreased odds of
anastomotic stricture for delayed reconstruction.

The important conclusion of this study is that
surgical reconstruction of MDBI between 2 and
6 weeks should be avoided as this was associated
with higher risk of postoperative morbidity and
hepaticojejunostomy stricture [22].

Major vascular injuries (MVI) sustained dur-
ing LC These injuries are rare nowadays; most
being reported during the first decade following
introduction of LC. They can occur during the
creation of the positive pressure capnoperito-
neum usually when undertaken with the closed
technique using a Veress needle, during the inser-
tion of ports especially the first (for the optic),
during the conduction of the LC, and even after
conversion to open surgery (OC) or even with the
open Hasson technique [23]. Although no vessel
is immune, the common MVI injuries which are
immediately life threatening from exsanguina-
tion involve the infradiaphragmatic aorta, the
portal vein, and the inferior vena cava.

Vascular injuries sustained during creation of
positive pressure capnoperitoneum One meta-
analysis evaluated the reported incidence of both
vascular and visceral injuries encountered with
closed vs. open capnoperitoneum induction. It
revealed 336 major vascular injuries in 760,890
closed laparoscopies, a mean rate of 0.044%, 1
injury per 2272 cases, compared with no injuries in
22,465 open laparoscopies (p = 0.003). Visceral
injuries were more frequent, 515 injuries in 760,890
closed laparoscopies (mean rate = 0.07) vs. 1 injury
in 22,465 open laparoscopies (mean rate = 0.05;
p = 0.18). Hence, this report shows that open lapa-
roscopy eliminates the risk of major vascular injury
and reduces the rate of major visceral injuries.
Open laparoscopy using the Hasson cannula should
be the preferred method of peritoneal access [24].
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Vascular injuries during conduct of LC Major
vascular injury most commonly occurs during the
laparoscopic entry phase. It is commoner with
closed entry (Veress needle) and in recent years has
been reported a range of specialties including in
urologic procedures. One such study involved a
series of 5347 patients who underwent laparoscopic
urologic operation between 1996 and 2011 in
patients in whom entry was carried out by either
the closed Veress needle technique or the modified
open Hasson technique. The closed technique was
used in the first 474 operations, and in a much
larger subsequent cohort of 4873 patients, the cre-
ation of the capnoperitoneum was by the open
Hasson technique. Three patients sustained major
vascular injury all undergoing nephrectomy, with
all being sustained in the initial closed capnoperito-
neum group during the setup phase and insertion of
the first trocar. The injuries involved the abdominal
aorta in two patients and the external iliac vein in a
third patient. It is difficult to draw any robust con-
clusion from this study [25].

Techniques of Laparoscopic
Cholecystectomy

Attempts have been made to reduce the traumatic
insult to the patient and to improve cosmesis and
reduce scarring. Some of these have been ill
advised as they increase the level of difficulty of
execution. These include single port laparoscopic
surgery (SILS) also referred to as reduced port sur-
gery [26, 27] and many others. Another publica-
tion is important because it quantitated the extra
costs incurred by SILS-LC vs. conventional 4 port
LC [28].

The publication aimed to calculate the cost of
the operating time to demonstrate that SILS-LC is
significantly more expensive than conventional
LC. It identified studies comparing use of SILS LC
vs. conventional LC during the period 2008-2016
together with another search to calculate the costs
during the same time interval. A meta-analysis was
then performed of the items selected in the first
review relating to costs of surgery and surgical

time and calculated the differences based on the
cost/time variable using the data from the second
review. Twenty-seven articles were selected from
the first review: 26 for operating time (3138
patients) and three for the cost of surgery (831
patients), together with three articles from the sec-
ond review. Both SILS-LC and conventional 4 port
LC have similar operating costs. However, as
SILS-LC takes longer (17 min) to perform
(p < 0.00001), this difference represents an oppor-
tunity cost of 755.97 € (cost/time unit factor of
44.73 €/min).

The quest toward reduction of the access trauma
over the past five decades is illustrated in Fig. 17.3.

In the author’s opinion, the best approach which
does not affect the degree of difficulty in carrying
out not only LC but other more complex MAS lap-
aroscopic operations which require intracorporeal
suturing without leaving discernible external scar-
ring or additional operating costs is needlescopic
surgery [29].

Conventional vs. retrograde (fundus first)
LC Fundus first LC (FF-LC) has gained popular-
ity since its first introduction in 1995 in view of its
advantages and increased safety over conventional
LC based on initial trial dissection of the cystic
artery and duct within the triangle of Calot, espe-
cially in the presence of severe acute cholecystitis,

VAN
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MINIMAL ACCESS
SURGERY

OPEN SURGERY

ENDOLUMINAL
SURGERY

Fig.17.3 Schematic illustration of the two approaches in
the quest (vertical arrow) toward reduction of access
trauma and external scarring. SILS has become increas-
ingly underutilized in the last 5 years, whereas NOTES
has been the forerunner of endoluminal intramural sur-
gery, exemplified by POEM
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Mirizzi syndrome, and anomalous anatomy of the
extrahepatic biliary tract [30-36].

FF-LC is certainly a cost-effective way to sim-
plify execution of LC and appears to facilitate
patient rehabilitation and has become very popular
in Scandinavian countries since the reported large
retrospective series by Cengiz et al. in 2019.
Between 2004 and 2014, 29 surgeons performed
1425 LC with FF and 320 with the conventional
technique. During the first year 56% used the FF
technique as distinct from 98% during remaining
years. The FF-LC cohort contained more female
patients, urgent operations, day care operations,
and averaged a shorter operation time and an over-
all morbidity in 63 (3.6%): 0.6% bleeding, 1.9%
infections, and 0.7% bile leakages: from cystic
4/112 when sealed with ultrasonic shears and in
4/1633 (0.2%) with clips (p 0.008). One common
bile duct lesion occurred in 1/1425 (0.07%) and in
3/320 (0.9%) with the conventional LC (p 0.003).
In a multivariate regression, the conventional LC
technique was a risk factor for bile duct injury with
an odds ratio of 20.8 (95% CI 1.6-259.2) [37].

Patients with Symptomatic Gallstones
and Ductal Calculi

The management of these patients remains clouded
in controversy, entrenched views without the nec-
essary evidence in the current era of evidence
based as opposed to eminence-based medical prac-
tice to which all clinicians should subscribe to.
The issue is based on the established fact that many
common bile duct stones remain clinically “silent”
without any symptoms or apparent harm to the
individuals concerned. Worldwide, the vast major-
ity of surgeons estimated at 90% plus do not per-
form any intraoperative visualization of the biliary
tract in patients undergoing LC for symptomatic
gallstones on the basis of available evidence
including results of RCTs even if statistically
underpowered [38].

A smaller subset of surgeons adopted a selective
approach to intraoperative cholangiography (I0C)
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most commonly by iodinated contrast media
(Fig. 17.4) and more recently by indocyanine
green (ICG) cholangiography [39—41].

The options for the treatment of patients with
common bile duct stones (CBD) stones are: (i)
preoperative ERCP for duct extraction followed by
LC, (ii) single-stage LC and laparoscopic-endo-
scopic rendezvous ERCP extraction, and (iii)
intraoperative ductal stone clearance by either
direct supraduodenal CBD exploration or by the
trans-cystic basket trawling technique if the stones
are small (>6 mm).

A Cochrane Database Systematic Review com-
pared the benefits and morbidity of endoscopic
sphincterotomy, and stone removal followed by LC
with the single-stage rendezvous technique in
patients with symptomatic cholelithiasis harboring
CBD stones. This review included five RCTs with
517 participants (257 underwent a laparoscopic-
endoscopic rendezvous technique (LRVT) vs. 260

Fig. 17.4 Contrast IOC with slow injection to avoid
overfilling of the biliary tree during radiologic imaging by
image intensifier. The problem with the selective approach
with slow trans cystic duct injection of contrast with con-
comitant image intensifier imaging (essential to avoid
overfilling which obscures small calculi) is that cannula-
tion and securing a ureteric catheter into the cystic duct is
virtually impossible or adds considerably to the operative
time if not performed routinely. This is the Achilles heel
of the selective approach
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treated by the standard two-stage sequential
approach). Overall, the five trials were judged at
high risk of bias. Only one patient in the LRVT
group died. The overall morbidity (surgical and
general) was lower in the LRVT cohort (RR 0.59,
95% CI 0.29-1.20; participants = 434, trials = 4;
I = 28%); but appeared slightly more robust when
a fixed-effect model was used (RR 0.56, 95% CI
0.32-0.99). There was no difference between the
two approaches on primary clearance of CBD
stones. The effects of either approach on incidence
of postoperative pancreatitis are not clear. Hospital
stay in the two-stage sequential approach exceeded
LRVT by 3 days but the LRVT procedure incurred
a longer, but insignificant, operating time [42].

An RCT compared two management options.
Group A (n = 150) received preoperative endo-
scopic retrograde cholangiography (ERC) with ES
followed by LC during the same hospital admis-
sion, and group B (n = 150) received single-stage
laparoscopic management: There were no signifi-
cant differences between the two groups in the
clinical demographic details and the pretreatment
biochemical findings. In group A, 14 of 150
patients received single-stage treatment; in group
B, 17 of 150 were managed by the two-stage
approach (protocol violation = 31/300, 10%). In
group A patients managed in accordance with ran-
domization, ERC was successful in 129/136 (95%)
and preoperative ES was successful in stone clear-
ance in 82/98 (84%). As two patients had malig-
nancies and one refused surgery, 133 patients
underwent surgery. In this group, 116 patients had
LC only and 17 had LC and attempted laparo-
scopic CBD exploration. There were eight conver-
sions to open surgery (6%), 17 complications for
both stages (12.8%), and two postoperative deaths
(1.5%). For patients in group B who were man-
aged in accordance with randomization, IOC was
successful in 132/133 (99%). Twenty-one (16%)
had normal findings, ductal calculi were found in
109, and other pathology was noted in two (peri-
ampullary cancer, severe pancreatitis). These two
patients and another who had gross adhesion in the
triangle of Calot were converted at the start of the
procedure. Transcystic ductal stone clearance was
successful in 45 of 56 patients (80%), and laparo-
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scopic direct common duct (CBD) exploration was
successful in 47 of 55 patients (85%). This group
includes 53 patients who underwent primary direct
exploration and two failed attempts at transcystic
extraction. The conversion rate was 13%.
Postoperative complications were encountered in
21 patients (15.8%), and one patient died of a
major myocardial infarction (0.75%). The one
postoperative death and the 11 biliary complica-
tions occurred in the laparoscopic supraduodenal
CBD exploration subgroup. The conversion rate
was higher in group B (17 vs 8; p = 0.08).
Laparotomy in the postoperative period was
required in three patients in group A and four
patients in group B. The hospital stay in group B
patients was 3 days less than patients who had
two-stage management (median, 6.0, IQR =4.25-
12 vs median, 9.0, IQR = 5.5-14; p < 0.05) [43].

It is the author’s practice to suture the choledo-
chotomy after evacuation of stone by supraduode-
nal choledochotomy after the insertion of a special
silicon cannula which is tied in place and con-
nected to a closed bile drainage bag. A postopera-
tive cholangiogram is performed the next day and
if normal, the silicon cannula is closed and the
patient is discharged 24 h later and returned for
removal of the cannula as an outpatient 2 weeks
later (Fig. 17.5).

Day Case/Ambulatory LC

One report from Japan evaluated the feasibility
and safety of ambulatory LC with day case dis-
charge or need for an overnight stay. The data
from patients undergoing ambulatory LC were
collected retrospectively and consecutively for
patients requiring at least one overnight hospital
stay over a two-year period. There were no hospi-
tal deaths or readmissions with serious morbidity
after discharge. Fifty patients received day case
LC and 19 had a required overnight stay. These
patients were significantly older (p < 0.02). No
significant differences were observed between the
day case LC performed (n =41) and failed (n =9)
and between the day case LC performed and
requiring one-night stay LC (n = 12) groups. A
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Fig. 17.5 (a) A supraduodenal CBD duct stone clearance, (b) 3 mm silicone cannula inserted into the CBD and tied
in place to cystic duct stump, (¢) postoperative cholangiogram confirming clearance

significant age difference was also observed
between patients requiring one or more night’s
stay (p < 0.05). The important message from this
study is that day case LC can be performed with a
low rate of complications in elderly patients with
some needing an overnight hospital stay, although
many could be discharged the same day [43, 44].

It is important to stress that many RCTs con-
ducted worldwide confirm the benefits, social and
economic, of day case LC. Hence it is important to
highlight the RCT reported from India by Kumar
et al. [45]. This RCT recruited 65 patients with
symptomatic gallstone who were randomized to
either day case LC or routine elective operation.
The assessment included quality of life, satisfac-
tion, postoperative nausea, and vomiting and pain.
Ninety-seven percent (31/32) of day case LC
patients were successfully discharged with mean

duration of 8.9 =+ 454 h, compared to
3.33 + 1.45 days (72.92 + 34.8 h) in routine elec-
tive in hospital LC group. This RCT found no sig-
nificant difference in morbidity, quality of life,
satisfaction, postoperative nausea and vomiting,
and pain between the two groups.

Bleeding Complications Associated
with LC

Although the reported incidence of bleeding com-
plications requiring transfusion after LC is rare,
occurring in 0.1% in patients, serious major life-
threatening vascular complications do occur [46].
Major bleeding during execution of LC is also a
frequent indication for conversion [47]. The
Finnish Register study [48] compared the bleeding
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complications, transfusion rates, and related costs
between LC and open cholecystectomy (OC) in
the period between 2002 and 2007 based on blood
component use between 2002 and 2007 collected
from existing computerized medical records
(Finnish Red Cross Register) of ten Finnish hospi-
tal districts. In total, 22,117 cholecystectomies
were performed during the study period, account-
ing for 43% all cholecystectomies (51,094) per-
formed in Finland in 2002-2007. The study data
sets comprised 17,175 LCs (78%) and 4942 (22%)
OCs. In the OC much smaller cohort, 16% of
patients received blood component transfusion
compared to 1.6% of the patients in the LC group.
Likewise, the proportions of patient with RBC
(13% vs. 1.3%, p < 0.001), PLT (1.2% vs. 0.1%,
p < 0.001), FFP (4.9% vs. 0.4%, p < 0.001), and
Octaplas® (0.9% vs. 0.1%, p < 0.001) transfusions
were all respectively higher in OC group compared
to the LC group, as was the mean transfused dose
of the FFP. There is thus no doubt that the laparo-
scopic MAS approach drastically reduces blood
component transfusion.

Training and Simulation

This was initiated in Western countries with the
establishment of Surgical Skills Units specifically
for hands-on training in MAS laparoscopic surgery.
The first such unit in Europe was established in
October 1992 at Ninewells Hospital and Medical
School in Dundee Scotland funded by industry and
donations from Lord Wolfson, various Scottish
Trusts; subsequently renamed as the Cuschieri
Skills Center (CSC). It has been run since then by a
medically qualified director, with a dedicated team
of trained technicians and local surgeons. The CSC
has served as a template for other such units in the
UK and mainland European countries, with the
emphasis that hands-on training accounts for 70%
of the course content. Over the years, the CSC has
progressed from use of synthetic models, trainer
boxes containing animal tissue models to advanced
virtual reality simulators for surgery including
robotic-assisted surgery and flexible upper GI
endoscopy and colonoscopy. But the promising and
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important development to the CSC has been the
introduction of the use of the soft embalmed human
corpses by a process developed by Prof Thiel in
Graz [49, 50] and validated by the IMSaT Group of
interface scientists in Dundee and others [50, 51].
The R&D over the years at IMSaT and the CSC has
convinced me that it is by far and away the best
way to train for both MAS laparoscopic surgery
and open surgical operations than any advanced
VR simulator both for anatomical teaching and for
advanced procedure-related interventions. The
human corpses are so life like in color and tissue
elasticity that one BBC news commentary indi-
cated that it was like “operating on the living dead.”
Perhaps I should add that I have been concerned
with the use of fresh human corpses (including
body parts) used in many countries including the
UK since aside from the unbelievable stench which
pervades the wet lab skills, I have concerns about
potential health hazards to both trainee participants
and tutors. In the UK, the Thiel embalming oper-
ated legally by means of a living will whereby any
UK citizen, under the Anatomy Act, can donate his
or her body immediately after death for soft
embalming to UK Universities for research and
medical training. The universities taking on this
important commitment become the official holders
of the corpses and must ultimately bury or cremate
according to the wishes of the individual donors
(Figs. 17.6 and 17.7).

Impact of LC on Surgical Practice
across the Specialties

There is no question that humanity has benefitted
with the onset of LC and the MAS laparoscopic
approach. LC has changed surgical practice across
all the surgical disciplines and even changed cur-
rent open surgical practice by earlier ambulation
and reduction of hospital stay. In transplant sur-
gery, living-related donor nephrectomies have
increased threefold in Western countries and the
period of warm ischemia has reduced. The same
increase has been reported in living-related split
liver transplantation in Western countries, espe-
cially in children (Fig. 17.8).
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Fig. 17.6 Comparison
of formalin and (a)
Thiel soft embalmed
human knee joints (b)

Fig. 17.7 Insufflation of peritoneal cavity in a Thiel soft
embalmed human corpse

Like other disruptive developments, the under-
pinning technologies involved have now reached
the fourth generation with HD CCD cameras and
colored 4 and 8 K resolution organic light-emitting
diodes (OLED) monitors which produce less heat,
with excellent color rendition and wide viewing
angle.

{ Laparoscopic
Laparoscopic Upper Gl Surgery
Hepatobiliary

Pancratosplenic
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Colorectal
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Vascular

Surgery Laparoscopic
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Fig. 17.8 Transformation of surgery by LC across the
surgical disciplines

Even so, imaging will eventually change to
frontal gaze down imaging on top of the patient’s
chest following 20 years of R&D by the author
with two visual psychologists (Figs. 17.9 and
17.10).

The research underpinning frontal gaze down
imaging demonstrate the optimal position of the
image display influences both the efficiency (exe-
cution time) and the quality of the task/operation
when:

(1) The image is placed at the level of the sur-
geon’s hands—work plane.



114

17 Laparoscopic Cholecystectomy: Introduction, Uptake, Maturity, and Impact on Surgical...

1987

~

e

2019

Fig. 17.9 Progress in endocameras to HD/optoelectronic telescopes

Fig. 17.10 Image projection onto a sterile specially tex-
tured screen enabling the surgeon (AC) to operate and
manipulate in the same plane as his hands. The operation
MAS laparoscopic R, gastrectomy for gastric cancer

(11) The image is located directly in front and
below the head of the operating surgeon,
enabling “gaze-down frontal viewing.”

(ii1) The hands of the surgeon are in the same plane
as the image.

(iv) The image is close to the actual operation
site—reduces the cerebral mapping problem
(Kennedy and Wade).

Advent of Robotically Assisted
Laparoscopic Surgery

It was inevitable that the kinematic restriction of
MAS laparoscopic surgery would lead to roboti-
cally assisted surgery and after initial work by the
Karlsruhe group in Germany led by the late
Gerhard Buess, DARPA then directed by Dr.
Richard Satava donated a large grant to Stanford
University for the development of robotic telepres-
ence surgery, which ultimately led to the establish-
ment of Intuitive Surgery that marketed the da
Vinci Master Slave surgical manipulator, thereby
opening a new chapter not of robotic surgery (as
yet anyway) but as Robotic-assisted Laparoscopic
Surgery.

What Next?

Although it is risky to make predictions, the likely
way ahead in specialist care of patients might well
follow a new paradigm in the quest for improved
patient outcome and further reduction of the trau-
matic insult to the patient by a new team approach
of MAT (Minimal Access Therapy). In this MAT
approach, operations will be renamed interven-
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tions. MAT will encompass specialist physicians
dedicated to the treatment of serious life-threaten-
ing disorders, hence collectively known as Disease
Related Treatment Groups (DRTGs). Separate

DRTGs

will address CARDIAC, CANCER,

INFECTIONS, and TRAUMA. Each DRTG will
incorporate interventional radiologists largely
operating high TESLA MRI systems, interven-
tional flexible endoscopists, traumatologists, and
minimal access surgical interventionalists. In prac-
tice, each DRTG will discuss and decide on the
most appropriate treatment of individual patients
based on stage of the disease, ASA status, and age.
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Desmond H. Birkett

Open cholecystectomy was the only treatment
of symptomatic gallstone disease for 100 years,
but in the 1980s there were numerous efforts to
investigate alternative treatment approaches in an
attempt to develop options to an open operation.
We tried many of them as they were introduced.

ESWL (extra corporeal shockwave lithotripsy)
and dissolution seemed an interesting possibility,
but we soon found, as others did, that it was not as
effective as originally hoped. It was difficult to frag-
ment the stones effectively and dissolution did not
always happen. This was shown to be due to a lack
of patency of the cystic duct. Later it was demon-
strated by the British/Belgium study which reported
stone recurrence was 5% per year with 50% of
patients developing recurrent stones at 5 years. To a
surgeon it was too slow at achieving results since it
often took 18 months to accomplish dissolution and
there was a significant recurrence rate.

We then turned to the technique described by
Wickham et al. of a minimal access surgical
approach to removal of gallstones from the gall-
bladder. In their technique, they passed a catheter
into the gallbladder under radiological control,
dilating up the track to permit the placement of a
peel-away sheath through which an ureteroscope
and an electrolytic hydraulic lithotripter were
passed to fragment the stones. With contrast irriga-
tion of saline, the fragments were washed out of
the gallbladder. When the gallbladder was free of
fragments an 18 Fr Foley catheter was passed
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through the peel-away sheath into the gallbladder,
the balloon blown up and the peel-away sheath
removed. The Foley catheter was placed on drain-
age and removed 2 weeks later. By this time a track
had formed preventing leakage into the peritoneal
cavity. The wound sealed over the next few days.
There were complications of hollow organ injury
during the radiological access procedure. Perissat
et al. used a similar technique, but they placed the
gallbladder catheter and sheath under the direct
vision of laparoscopy, which avoided the radiolog-
ical technique of hollow organ injury. We found
this an effective and quick method of removing
gallstones with minimal disruption to the patient,
but recurrence became a problem and we aban-
doned it.

Fortunately, around this time there was signifi-
cant publicity from France about the laparoscopic
approach to cholecystectomy. Since this seemed
an interesting, and possibly a superior approach to
the other techniques, I contacted my friend Jacques
Perissat in Bordeaux, and he trained me in the new
approach of laparoscopic cholecystectomy.

In 1991, a company developing a 3-D laparo-
scope approached me and asked me if I was inter-
ested in working with them and to use it clinically
when fully developed. The laparoscope was a two
channel Hopkins rod lens system with a 12 mm
outside diameter with two cameras attached to the
proximal end. The proximal end was bulky and a
little heavy. The images from each camera were
alternated on video screen at 120 Hz. One set of
images was achieved using both circular polariza-
tion in a counterclockwise and clockwise manner.
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It gave excellent depth perception and was faster at
performing tasks. One senior resident commented,
“The era of touch and feel is over,” since one could
place an instrument in the exact position without
having to feel the area first.

In the research laboratory we compared 2D
against 3D vision with an experiment of passing a
needle and thread through hoops of different sizes
placed at different angles and different depths fol-
lowing a set course through the hoops. The exer-
cise was randomized to 2-D and 3-D vision. We
found that the exercise was 30% faster in 3-D
when each participant’s performance was com-
pared in 2D and 3D. Unfortunately, the company
folded because of the cumbersome nature of the
endoscope with two heavy cameras attached. Now
that distal chips are commonplace, 3-D technology
is coming back. The endoscopes are much lighter
and easier to use. One major issue that has to be
overcome is the angulation of the tip of the instru-
ment in 3-D; however, this problem has now been
overcome with new technology.

One of the big issues with the move to laparo-
scopic cholecystectomy was the issue of common
duct exploration. Initially we relied on ERCP for
the removal of stones. Later, as we became more
comfortable performing a laparoscopic cholecys-
tectomy, we started exploring the common bile
duct via a choledochotomy. However, with the
small ducts we later used the transcystic approach
using baskets under fluoroscopy using a choledo-
choscope. At times cystic duct dilatation became
necessary to permit passage of a choledochoscope.
The equipment needed for the transcystic approach
became an issue because of the specificity of
numerous pieces of equipment. It was very impor-
tant that the scrub nurse and circulating nurse were
very familiar with the technology to enable a
smooth common duct exploration. However, this
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became a problem as common duct exploration
was only needed in the minority of laparoscopic
cholecystectomies and one did not always have the
same scrub staff who were familiar with the proce-
dure each time.

I tried single port cholecystectomy in an effort
to reduce postoperative pain and secondarily to
improve cosmesis. The instruments clashed inside
the abdomen and the handles clashed outside the
abdomen. It was possible to learn to handle these
problems, but the real issue was the loss of triangu-
lation between the endoscope and the instruments,
which made it difficult to safely dissect with a 2-D
image and loss of triangulation. I, therefore, gave
up this approach.

I found that a better approach to reduce post-
operative pain and improve cosmesis was to use
3.5 mm trocars in the right upper quadrant and a
5 mm trocar in the epigastrium through which a
5 mm clip applier could be passed. This approach
reduced postoperative discomfort considerably
because of the reduced abdominal wall trauma
from smaller trocars. Gustavo Cavalho, of Recife,
Brazil, who designed these small trocars, uses a
3.5 mm trocar in the epigastrium, and instead of a
clip applier he ties the cystic duct. This reduces the
postoperative discomfort even further.

Although there have been great advances in lap-
aroscopic instruments in the past few decades,
there are times when it is necessary to convert to
an open operation. This is often a problem for the
surgeons brought up after the era of open chole-
cystectomy. Any conversion to an open operation
now in this laparoscopic era is going to mean a
difficult open procedure. If not trained in open
cholecystectomies, the thought of a difficult chole-
cystectomy is daunting. The modern surgeon must
be prepared to face these difficult dissections like
those described by Kehr!
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Teaching the Laparoscopic Common
Bile Duct Exploration to Acute Care
Surgeons

Matthew Bloom

Since their introduction in 2005, several factors
have contributed to the adoption of acute care sur-
gery (ACS) services at academic medical centers.
These are teams that cover trauma, surgical critical
care, and emergency general surgery, and special-
ize in the treatment of severely ill patients. Around
this time, it was recognized that there was a grow-
ing population of elderly and increasingly comor-
bid patients presenting to the emergency room
requiring general surgery. Coincidentally, due to
improvements in imaging technology, critical care
methods, and interventional radiology techniques,
the practice of trauma surgery had become less
operative resulting in fewer surgical cases. This
led to the creation of well-staffed ACS services
that were immediately available for, and special-
ized in the treatment of, acutely ill patients, and
which were eager for operative cases. Often staft-
ing emergency departments for both trauma and
general surgery call, these teams now end up car-
ing for the majority of acute cholecystitis patients
who present to the hospital.

Multiple studies have demonstrated both
improved patient outcomes and efficiency of care
for patients cared for by ACS services. Large
teams of doctors with an immediate around the
clock presence coupled with dedicated OR avail-
ability help to get patients to the OR faster and to
leave the hospital sooner. As a result, a reduction
in direct healthcare costs has been repeatedly
demonstrated.

In academic centers, these teams typically con-
stitute a significant portion of the resident opera-
tive and patient management learning experience.
At the same time, many of the attendings who run
these services themselves trained in a time when
the laparoscopic common bile duct exploration
(LCBDE) was not easily performed. This in large
part dictates the clinical pathway that their patients
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will follow. ERCP is heavily relied upon for com-
mon duct clearance, either pre- or postoperatively.

But the availability of ERCP is neither immedi-
ate nor universal. While some institutions have
wonderful access to ERCP and a few in Europe
can routinely coordinate ERCP in the OR at the
time of surgery, many centers have availability on
only certain days of the week, if at all. This reli-
ance upon ERCP adds to patients’ length of stay in
the hospital, increased anesthetic and procedural
risks, and overall healthcare costs.

As an unintended consequence of the shift in
rates of gallbladder cases performed laparoscopi-
cally, as well as a heightened awareness of missed
iatrogenic ductal injury and its significant morbid-
ity, an entire generation of general surgery resi-
dents was taught to fear operating upon the
common bile duct. Most current graduating resi-
dents have performed few, if any, open or laparo-
scopic operations on this structure. In parallel, the
availability of ERCP since 1968 has shunted many
ductal procedures out of the operating room to
begin with.

And so, as the laparoscopic approach to chole-
cystectomy gained predominance, the preference
for the management of CBD stones shifted to
ERCP in the place of surgical exploration. But as
confidence and skills in minimally invasive surgery
has grown, the trend did not reverse. Now, with the
availability of improved instruments, and even dis-
posable ones, the LCBDE becomes an attractive
option for surgeons to perform.

An additional benefit of training surgeons to
perform LCBDE is its reliance on intraoperative
cholangiography (IOC). Performing IOC routinely
has been shown to minimize iatrogenic injuries
and is the sine qua non for finding the 6-10% of
unexpected CBD stones which are incidentally
discovered during operation. Not only does rou-
tine performance train surgeons for these proce-
dures, but it also trains the OR staff in setting up
the equipment and executing these procedures,
which makes the entire process smoother and more
time efficient, and prepares them for rapid initia-
tion of an LCBDE when indicated.
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And it is not too late to “teach old dogs new
tricks.” Through organized courses that focus spe-
cifically on teaching IOC and LCBDE skills to
ACS surgeons already performing laparoscopic
cholecystectomy, we can train not only this impor-
tant and overlooked cohort but also expose their
trainees to this procedure and further encourage its
adoption.

Through these structured courses, ACS attend-
ings are being taught the LCBDE and putting it
into practice in their home institutions. We have
recently witnessed this precise occurrence. After
going through training at our institution, our neigh-
boring academic medical center’s ACS service
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started performing LCBDE on their patients and
shortened their patients’ length of stay on average
by over 1.5 days. This not only provides timelier
patient care, it also exposes a new generation of
surgeons in training to this procedure and pro-
motes its adoption both within and outside the
halls of academia. The delivery of these courses at
national meetings remains a high priority.

This is why targeting this particular group of
practicing surgeons to learn LCBDE is so essen-
tial. Not only will an immediate improvement in
patient care be realized, but the dividends in surgi-
cal resident education and overall practice adop-
tion will grow exponentially over time.
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Commentary: Berci-Greene “No
Stones Left Unturned” Kehr Book

L. Michael Brunt

“Where they went, there were no roads” (para-
phrased from “Back to the Future”)

Drs. George Berci and Rick Greene are to be
congratulated for compiling this impressive mono-
graph on the sentinel contributions of Dr. Hans
Kehr and the history of biliary surgery from the
open through the laparoscopic era. One is immedi-
ately struck by the meticulous and careful nature
of Kehr’s work and the precise documentation of
biliary anatomy and pathology through his artistic
collaborator. The anatomical illustrations are as
apt today as they were over 100 years ago, and this
work will be a necessary addition to the library of
any serious student of biliary surgery. One can
only imagine the end-stage difficulty of many of
these cases, and yet operative times were impres-
sively short (3545 minutes) out of necessity due
to the anesthetic techniques and surgical training
of that era.

The development of laparoscopic cholecystec-
tomy and the ensuing laparoscopic revolution that
transformed surgical practice is one of the most
remarkable advances in the history of modern sur-
gery for several reasons: the rapidity with which it
occurred; the positive effect it had on virtually
every aspect of patient outcomes, return to health
and full activity, and morbidity; and the fact that it
impacted virtually every surgical discipline. It also
spawned a generation of innovative surgeons in
both academia and private practice, along with
advances in surgical technology and new educa-
tion and training paradigms that did not exist pre-
viously. Perhaps most importantly, these events
catalyzed the whole concept of minimally invasive
surgery well beyond simply what one could do
with a laparoscope and led to a whole new way of
thinking about surgical problems beyond tradi-
tional definitions of surgical success.

We are indebted to the visionaries and early pio-
neers who developed, popularized, and promoted
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acceptance of laparoscopic cholecystectomy: Eric
Muhe in Germany and the “Galloscope,” Philippe
Mouret in France, and Barry McKernan and
William Saye who did the first lap chole in the
United States in 1988 in Marietta, Georgia [1].
Only two days after McKernan and Saye, Eddie
Joe Reddick and Doug Olsen performed a lap
chole in Nashville, Tennessee. It was Eddie Joe
more than anyone else who popularized this proce-
dure and “trained” numerous surgeons who came
to observe him in Nashville, among them Horacio
Asbun, 2020-2021 SAGES President, who made
multiple trips from California as a resident to learn
this new procedure. Eddie Joe unfortunately passed
away in 2020, but was truly one of the “unsung”
heroes of the early laparoscopic era [2].

Laparoscopic cholecystectomy first received
national attention when Jacques Perissat presented
a video of his first case at the 1989 SAGES meet-
ing in Louisville, Kentucky. The SAGES leader-
ship immediately recognized the significance and
implications of this new approach and came out
with a number of position statements regarding
who should do this new procedure and established
training paradigms for it. Led by George Berci and
John Hunter and others, a series of “Train the
Trainers” courses were held across the United
States to help insure proper training and technique
for this new operation [3]. It should be emphasized
that none of this could or would have occurred as
it did without the pioneering work over decades by
George Berci on laparoscopic imaging systems,
the Xenon light source, and laparoscopic instru-
ment designed [4].

My own epiphany occurred in November 1989
when Nat Soper presented surgical grand rounds at
our institution on gallstone disease and at the very
end of his talk, showed a video of the first lap chole
he had recently performed in St. Louis at Barnes
Hospital. It was as if the veil had lifted on the pos-
sibilities, and I became one of the early faculty
members at Washington University who scrubbed
cases with Dr. Soper to learn how to do lap choles.
I, like most of my contemporaries, had no prior
experience with laparoscopic surgery, so we had to
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learn everything from the ground up. We scrubbed
with some of the GYN surgeons to become more
familiar with techniques for initial laparoscopic
access. We also went to the laboratory to develop
skills and techniques before performing the first
laparoscopic adrenalectomy, splenectomy, Nissen
fundoplication, and inguinal hernia repair at our
institution which Dr. Soper and I did together. My
first SAGES meeting was in 1992 in Washington,
DC, where I also first met George Berci. It was the
most electrifying surgical meeting I have ever wit-
nessed due to the explosion of innovation and new
techniques that was occurring in general surgery.
But back to cholecystectomy. To deal with the
demand to learn cholecystectomy in the early
1990s, weekend courses sprang up, and an entire
generation of surgeons learned the basic princi-
ples of laparoscopic surgery and how to perform
an operation they knew so well in a new way. As
all are aware, the introduction of LC into clinical
practice was associated with a significant
increase in the incidence of bile duct injuries
(BDI). Thirty years later, bile duct injuries con-
tinue to occur at a rate somewhat higher than in
the open era and are a significant source of mor-
bidity and, in some cases, mortality for what is
an otherwise uncomplicated, outpatient proce-
dure with a rapid recovery and return to health.
In 2014, to address this problem SAGES estab-
lished the Safe Cholecystectomy Task Force with
a goal of enhancing a universal culture of safety
around cholecystectomy. This task force has
undertaken a number of initiatives to help drive
the rate of BDI lower. These include carrying out
a Delphi process to identify important factors for
safety in cholecystectomy which led to the
SAGES 6 step program [5, 6]. A series of didac-
tic modules were developed that are available to
all surgeons and trainees on the SAGES web site
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that delves more deeply into the safety aspects
and principles of cholecystectomy (available at
fesdidactic.org).

In 2018, a multi-society sponsored consensus
conference on the prevention of bile duct injury
during cholecystectomy was held that addressed
18 key questions on this topic, and guidelines were
subsequently published [7]. Taken together, these
efforts are important steps in the right direction,
but much work remains to be done. Despite the
original description of the critical view of safety
by Steven Strasburg in 1995 [8], surgeons still
incompletely understand and inconsistently apply
this method of identification of key ductal struc-
tures. The rate of intraoperative imaging is disap-
pointingly low, and surgeons have largely abdicated
management of common bile duct stones to the
biliary endoscopist. Although new technologies
such as near infrared cholangiography hold prom-
ise, they are not widely available, nor have they
been extensively studied to determine the benefit
across the spectrum of patients with gallstone dis-
ease. We also lack mechanisms in the United States
for tracking bile duct injuries in order to under-
stand the true frequency, patterns, and nature of
occurrence. A national system for regionalization
of care for patients with bile duct injuries when
they occur to specialty centers with an experienced
HPB multidisciplinary team would likely improve
outcomes and reduce mortality rates and minimize
adverse effects on quality of life.

Awareness of the ongoing problem of biliary
injuries will not be sufficient to effect change. We
must all do our part to educate our colleagues and
trainees about best practices for safe cholecystec-
tomy and encourage support for the consensus
guidelines. Through these efforts, we can together,
I am convinced, push the bile duct injury rate to as
close to zero as possible.
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The Trajectory of Biliary Surgery:
Personal Reflections

Daniel J. Deziel

History and surgery are demarcated by “eras,”
periods of time defined by their distinctive charac-
ter, events, and discovery. Since the first known
cholecystectomy in 1882, biliary surgery has tra-
versed eras of antisepsis, antibiotics, blood trans-
fusion, and radical oncologic resection into the
present era of minimal access and endoscopic
technology. Eras are not necessarily confined by
hard set boundaries; they are staggered and they
overlap as innovation sparks and as prevailing
thought transitions at a variable pace.

History and surgery are also distinguished by
“generations,” by people born and living at the
same time, by surgeons trained across a certain
period of time or under the philosophy of a par-
ticular institution or mentor. The reckoning of
progress is inextricably linked to how generations
and eras intersect. Some surgical eras have
spanned multiple generations with limited change
while others have emerged within the span of a
single generation or less.

Discovery, innovation, and technological capabil-
ity are advancing at an increasingly rapid tempo.
Surgeons of a “‘generation” must be able to navigate
across “eras.” To do this in a way that is nimble,
rationale, and responsible is at the crux of how we
will assure safe and accountable management for the
complete spectrum of our patients’ biliary disease
and how we will train the coming “generations.”

Perhaps my affinity for biliary tract surgery was
preordained by my birth at St. Joseph’s Hospital in
St. Paul, Minnesota, where Justus Ohage per-
formed the first known cholecystectomy in the
Western Hemisphere on September 24, 1886 [9].
Perhaps my perception of the current state and tra-
jectory of biliary surgery is balanced by a career
that has straddled the eras of open and minimal
access operations.

Following excellent residency training in open
surgery at Rush, I became the first Gastrointestinal
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Surgery Fellow at the Lahey Clinic in order to pur-
sue complex pancreaticobiliary surgery under the
mentorship of Dr. John Braasch and Dr. Ricardo
Rossi. This preceded the existence of any desig-
nated HPB fellowships. Returning to Rush as a
Junior faculty member, I was a primary investiga-
tor for a trial of piezoelectric extracorporeal shock
wave lithotripsy for gallstones [10]. When laparo-
scopic cholecystectomy dawned, like many (but
not all) early practitioners, I had no prior laparo-
scopic experience. I was then privileged to train
with Dr. Sung Tao Ko and Dr. Mohan Airan, the
pioneers of laparoscopic cholecystectomy in
Chicago. The lithotripsy experience provided the
opportunity to operate on a legion of gallstone
patients who had been evaluated for the trial and
were eager for the new laparoscopic procedure.
Thus, I did the first laparoscopic cholecystectomy
operation at Rush on May 23, 1990, and early on
was fortunate to develop a sizable experience at an
academic center. This was not an unfamiliar tale
for some of us.

The era of laparoscopic cholecystectomy
exploded unstoppably in a manner without prece-
dent in the history of surgery. Its immediate wake
bore the inseparable challenges of training and
safety. Early training often featured perfunctory
courses offered by industry representatives or for-
profit entrepreneurs. Never before had the profes-
sion been faced with a need to retrain essentially
the entire workforce in the performance of the
most common operation in general surgery. The
first wide-scale study of complications identified a
0.6% rate of major bile duct injury and included a
host of infrequent but potentially catastrophic
occurrences [11]. The threat of external regulation
by nonmedical entities was palpable.

The Society of American Gastrointestinal and
Endoscopic Surgeons (SAGES) stepped into the
leadership void early and boldly to remedy the per-
vasive chaos. The society’s first statement on lapa-
roscopic cholecystectomy was issued in October
1989. By May 1990, the time of my first operation,
SAGES had released “The Role of Laparoscopic
Cholecystectomy—QGuidelines ~ for  Clinical
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Application” and “Granting of Privileges for
Laparoscopic General Surgery.” To address the
need for qualified instructors, a program for
“Training the Trainers” was implemented the same
year. A process for endorsement of legitimate
courses and the first major multi-institutional
research study of laparoscopic cholecystectomy
followed.

SAGES “Framework for Post-Residency
Surgical Education and Training” was a thoroughly
conceived document designed to address the criti-
cal questions and establish guidelines for post-
graduate hands-on training. After years of thought,
it was intently honed by brilliant individuals over
long hours at Newport Beach in June 1993. I had
the privilege to participate in this process and to
witness insightful minds dissect the meaning of
“preceptor,” “proctor,” ‘“competence,” “‘profi-
ciency,” and “mastery” and to distill principles for
postgraduate training that are relevant to this day.
Over three decades, SAGES efforts to anchor
training and safety in laparoscopic surgery have
been a consistent and vital part of the narrative.
The establishment of the MIS Fellowship Council,
FLS, FES, and FUSE were all initiatives spurred
by SAGES. The Safe Cholecystectomy Didactic
Modules and the inceptive Multi-society Consensus
Conference on the Prevention of Bile Duct Injury
During Cholecystectomy with its resultant evi-
dence-based recommendations for safe cholecys-
tectomy highlight more recent endeavors [12, 13].

The safe emergence of minimal access surgery
required new technology. In the face of ideologic
criticism, SAGES forged a responsible and practi-
cal model for cooperation with industry for the
development and application of technical innova-
tions for the betterment of patient care. Repurposed
and primitive laparoscopic tools have become ele-
gant functional instruments.

During one of our hands-on laparoscopic chole-
cystectomy courses in 1991, a surgeon, soon to
retire, remarked that although he would not be
doing laparoscopic surgery himself, he was con-
vinced that soon not only cholecystectomy but
most abdominal operations would be done laparo-
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scopically. He said that he would then one day
come out of retirement to run courses in open sur-
gery. We chuckled. He was prophetic.

According to the ACGME national case logs,
the total number of biliary operations performed
by graduating general surgery residents has
increased by 74% since 1990 [14]. However, this
increase is due solely to laparoscopic cholecystec-
tomy, and all other biliary operations have dramat-
ically declined in frequency. Open cholecystectomy
was once the most common resident abdominal
operation. Since 2012, the mean number per-
formed has been <10. The mean number of open
common bile duct explorations, laparoscopic bile
duct explorations, cholecystostomy, sphinctero-
plasty, or choledochoscopy operations are each <1
and approaching zero. Thirty years ago, my senior
faculty mentors would gather to watch me do a
laparoscopic cholecystectomy. Now, junior and
mid-level faculty surgeons congregate when I do
an occasional open common bile duct exploration,
complete with fashioning of a Kehr tube.

Residents today are better trained in laparo-
scopic surgery by faculty surgeons who are better
versed than most of us were three decades ago.
However, a substitute for experience with difficult
open cholecystectomy is not evident. The dictums
of safe cholecystectomy, particularly when opera-
tive conditions are hazardous, must be ingrained:
get experienced help if available, understand the
algorithms for secure anatomic identification as
set forth in consensus conference recommenda-
tions, recognize stopping points and alternatives to
complete cholecystectomy. An aborted cholecys-
tectomy operation is retrievable, major bile duct or
vascular injury may not be. Correct anatomic iden-
tification is requisite to safe cholecystectomy. It is
imperative that surgeons know the regularly
encountered variations in bile duct and vascular
anatomy that have practical significance for safe
cholecystectomy. These are not anomalies or aber-
rations or duplications. These are well-recognized
variations that are present with sufficient frequency
that they must be anticipated by the watchful sur-
geon [15]. Indoctrination in the principles of safe
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cholecystectomy must begin in residency and must
be incessant.

The era of surgical management for choledo-
cholithiasis has been slipping away from a genera-
tion or more of surgeons. Sometimes things slip
because they cannot be effectively grasped, some-
times they are simply released. We have largely
entered the time of endoscopic extraction per-
formed by our gastroenterology colleagues since
only a minority of surgeons in the United States
practice ERCP. This trend was made possible by
the expansion of endoscopic capabilities and exac-
erbated by the reticence of surgeons to pursue lap-
aroscopic common duct exploration. Laparoscopic
common bile duct exploration, despite its demon-
strated advantages for many patients, and despite
available avenues for training, has been approached
with reluctance by many surgeons. Various reasons
can be given for this: the availability of endoscopic
intervention, time, convenience, experience,
equipment, skill, reimbursement, and disinterest.
Although it will vary by practice setting, open
common bile duct exploration has generally
become limited to complex cases with stricture,
fistula, multiple failed or complicated endoscopic
interventions, or otherwise irreparable anatomy.
Only if the majority of surgeons who operate on
the gallbladder adopt laparoscopic common duct
exploration or ERCP into their practice, do I fore-
see a meaningful resurgence of surgeon treated
choledocholithiasis.

I have performed operative imaging of the bile
ducts in 92% of the cholecystectomies (open and
laparoscopic) that I have done during my attending
career. Initially I used intraoperative fluorocholan-
giography (IOC). For over 20 years, I have routinely
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performed laparoscopic ultrasonography, supple-
mented by IOC in certain clinical situations. Thus, |
would be considered a “routine” imager. Although
selective imaging is well validated, I see an increas-
ing tendency toward more and more “‘selectivity” to
the point that imaging becomes essentially nonexis-
tent. Imaging has the most clinical impact when
used for anatomic identification when this is not ini-
tially clear by standard dissection and imaging has
important yield when there are risk factors for cho-
ledocholithiasis. When done routinely, in the
absence of other indicators, operative imaging pro-
vides valuable experience for trainees to develop
and maintain proficiency with the technique so that
it can reliably be performed when clinically most
important. The disciplines of operative imaging and
laparoscopic management of bile duct stones should
be integral to resident training.

“The fundamental act of medical care is the
assumption of responsibility”. So wrote Francis
D. Moore M.D. in the introduction to his book,
Metabolic Care of the Surgical Patient [16]. As
surgeons, we have the responsibility to propagate
the evaluation and safe application of new technol-
ogy and methods, to invest in the training of new
surgeons and of our practicing colleagues, to
implement evidence-based practices, to exemplify
dedication to patient care, to commit to self-
improvement in our knowledge and technical
skills, and to respect the socioeconomic implica-
tions of our actions. We will not always make the
right decisions at the right time, but our motives
need to be clear and our intent honorable. Then
generations can safely progress beyond the eras of
Kehr and Berci in the unfinished story of biliary
surgery.
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Robert Fitzgibbons and Charles Filipi

It was 1989, and I (RF) was an assistant profes-
sor at Creighton University with an established
practice after 10 years and a laboratory focused on
gallbladder disease. At the time I was studying bile
acids in a prairie dog model. Our group had its ears
to the ground when the rumblings came out of
Nashville that the gallbladder was being removed
under laparoscopic guidance. I wondered how this
could be possible as my only experience with lapa-
roscopy was watching the gynecologists look
down the eyepiece of a laparoscopic telescope
with no possibility of assistance because he or she
was the only one that could see the operative field.
But there was no way to perform a complex opera-
tion such as a cholecystectomy without assistance.
One of us (CF) at this same time was a surgeon in
private practice in Marshalltown, Iowa, and was in
discussions with the then Chairman of the
Department of Surgery at Creighton, Dr. Tom
DeMeester, about joining the department as a full-
time faculty member. Dr. Filipi had also heard
about the Nashville experience. As it turns out, he
had experimented earlier with laparoscopic chole-
cystectomy in dogs with the help of a gynecolo-
gist. The cystic duct and artery were ligated with a
Falope Loop (a device used for tubal ligation for
sterilization) under guidance with an arthroscopic
camera. All of the dogs survived. Nevertheless, Dr.
Filipi deemed it not to be feasible primarily
because visualization was difficult to maintain due
to excessive air leak. Upon hearing about this, Dr.
DeMeester immediately had us meet because of
mutual interests.

After a short series of meetings, we went to Dr.
DeMeester and asked if we could travel to
Nashville to see what this was all about. An issue
arose, however, when they informed the chairman
regarding a charge for going to the operating room
to observe the procedure. Initially Dr. DeMeester
went into orbit about this, having strong feelings
that surgeons have an obligation to share innova-
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tions with their fellow surgeons without regard to
finances. After all, he had been doing this his
whole career. So initially he turned down the
request. The next day after he had time to think
about it, he came to my (RF) office and told me he
was not going to allow his personal feelings to get
in the way of the development of his department
and that he was going to pay for this visit with
departmental funds.

In the spring of 1989, we both traveled to
Nashville. At that time, the laser was being used to
dissect the gallbladder from the liver bed, almost
as if that was the innovation that allowed the pro-
cedure to develop. In fact, the name of the opera-
tion was “Laser Laparoscopic Cholecystectomy.”
Upon entering the operating room with Drs. Eddie
Reddick and Douglas Olsen performing the proce-
dure, it was immediately obvious that the real
breakthrough was the miniature video camera
which could be attached to a laparoscope. Now
one could perform a complex operation, such as a
cholecystectomy with everyone in the operating
room seeing the same image on the video screen
allowing for adequate assistance. To give Dr.
Reddick and Olsen credit, their ingenuity in “jerry
rigging” instruments for the procedure was laud-
able as commercially available instruments did not
exist for this new procedure. For example, Dr.
Olsen had modified an existing clip applier used
for open surgery that could be placed in a laparo-
scopic cannula without an air leak. Both Dr.
Reddick and Olsen were very charming and shared
their experience. Dr. Reddick even provided a
country western serenade, a hobby that he eventu-
ally would pursue professionally.

We returned to Creighton and set up a pig lab
and spent 6 months in the lab perfecting the tech-
nique. Enough data was obtained to convince the
IRB that this could be performed in humans with
proper informed consent. The first patient was an
employee of the university hospital in late 1989
and the procedure took about 8 hours. Although
there was lots of skepticism initially locally, as our
experience with the procedure grew, the benefits of
minimally invasive surgery became obvious and



132

we were routinely performing five or six cholecys-
tectomies a day.

The academic community at this time was very
slow to accept this deviation from conventional
surgery. Dr. Nat Soper was the only other aca-
demic surgeon who became involved with the
procedure initially. In early 1990, I (RF) was
asked by Professor E. Moreno Gonzalez from
Madrid Spain to share our experience at his highly
respected yearly course in general surgery. On
May 22, 1990, I (RF) gave a lecture entitled
“Cholecystectomy with a laparoscope.” There
were thousands of attendees from all over Europe.
The presentation was well received by the audi-
ence, but a panel discussion that followed was
more problematic. On that panel were many well-
known and highly respected surgeons including
Dr. John Najarian from the University of
Minnesota and Dr. Seymour Schwartz from the
University of Rochester. Dr. Najarian gave an
impassioned commentary to the audience saying
that only charlatan surgeons in the United States
did this operation just to make money; there was
no real benefit. Fortunately, most of the other
members of the panel, especially Dr. Schwartz,
disagreed and felt that this new procedure had sig-
nificant potential. Ironically after returning home
from Madrid, I (RF) received a phone call from
Dr. Najarian apologizing for his comments and
asking me to come to Minneapolis to teach the
surgeons there how to do the operation!

Now there was the daunting task of massive
retraining of general surgeons who had no experi-
ence with laparoscopy. Dr. George Berci from Los
Angeles organized a laboratory session with Drs.
Reddick, Eddie Phillips and myself with the
express purpose of trying to establish some type
of curriculum for orderly dissemination of the
technique. The meeting was very successful, but
the implementation of the program never really
came to fruition because almost immediately,
3-day pig courses sprung up all over the country.
Although these courses eventually resulted in the
retraining, it was at a cost of a significant increase
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in cholecystectomy-related visceral and bile duct
injuries.

The American College of Surgeons (ACS) rec-
ognized that laparoscopic hernia repair would
almost certainly follow suit after cholecystectomy
given its frequency which rivals cholecystectomy
at about 800,000 procedures per year. In an effort
to roll out a more orderly training program for lap-
aroscopic herniorrhaphy, I (RF) was asked to join
the ACS Committee on Emerging Technology with
the express purpose of setting up randomized trials
to study this. A grant application was developed
looking at laparoscopic inguinal herniorrhaphy
versus conventional open herniorrhaphy, but fund-
ing was not forthcoming. Only when a third arm,
watchful waiting, which could potentially save the
healthcare system money, was added was funding
successful. The rest of that story is now history.
Under Dr. DeMeester’s direction an NIH grant
application to study laparoscopic cholecystectomy
and its risks and benefits was submitted, but even-
tually not funded.

Jacques Perissat, one of the leaders in minimally
invasive surgery in Europe, once wrote, “For a sur-
geon who performed some of the first laparoscopic
cholecystectomies, laparoscopic  surgery is
undoubtedly the main revolution of the last decade
of the 20th century.” This quote reflects our feel-
ings as laparoscopy takes its place with other great
developments in the history of surgery. We have
truly been blessed to be in the right place at the
right time. However, although the successes have
been rewarding, there have also been the inevitable
second thoughts and misgivings along the way
when trying to be a pioneer in a field where conse-
quences of our mistakes and the mistakes of those
we trained must be borne by our patients. Having
said that, laparoscopic cholecystectomy has led
the way to a shift to minimally invasive surgery for
almost every procedure we perform now as sur-
geons. This has resulted in a dramatic decrease in
the morbidity of our craft. As minimally invasive
surgery continues to evolve with better equipment
and even robotics, the future seems quite bright.
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Laparoscopic Cholecystectomy:
At the Beginning...1989-1990

John G. Hunter

In the beginning, it should be noted that open
cholecystectomy was the “bread and butter” of
most general surgeons in America. While most
innovations take 10 years (roughly) to “take hold,”
the time between the first laparoscopic cholecys-
tectomy (LC) in 1995 and mainstream adoption
was only 4-5 years. It was rapidly apparent that
the general surgeon who could not take out a gall-
bladder laparoscopically would be left behind,
destined to have their practice limited to hernias
and “lumps and bumps.” Despite the paucity of
randomized clinical trials, the benefits of laparo-
scopic gallbladder removal were clear to everyone,
especially the patients. If a surgeon were to reveal
to a patient that they were incapable of performing
an LC, the patient usually left to find a surgeon
who could perform this procedure.

The Achilles heel of this operation, in the early
days, was bile duct injury. The focus of this short
piece will be to describe how I became engaged in
teaching surgeons safe laparoscopic cholecystec-
tomy, especially focused on prevention of biliary
injury. While historical estimates of bile duct
injury revealed this complication to occur and
approximately 1 to 2 in 1000 gallbladder opera-
tions, shortly after laparoscopic cholecystectomy
was introduced, common bile duct injuries were
occurring almost 10 times more commonly (1%).
This created a near epidemic in biliary reconstruc-
tion. Clearly there was something wrong with the
new operation. Techniques needed to be developed
to prevent biliary injury if laparoscopic cholecys-
tectomy was to prove to be a safe operation in the
long run.

After talking with students and reviewing pub-
lished articles on LC technique, it became clear
that there were several major issues with how this
operation was being performed. The first issue
related to the unfamiliarity of most surgeons with
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biliary anatomy as seen through a video laparo-
scope. Things were not always as they seemed and
the surgeon who injured the common bile duct was
often “lost at sea.” When they thought they were
dissecting out the cystic duct, the identified duct
was often the common hepatic duct, leading to its
clipping and transection.

In addition to the unfamiliar imaging and ana-
tomic misperception, the technique of laparoscopic
gallbladder removal was fundamentally different
in that the surgeon did not start by taking the gall-
bladder down fundus first, as was the standard in
open cholecystectomy. The identification of the
gallbladder infundibulum as the primary focus of
dissection required a different technique. Except
in extreme circumstances, LC technique required
leaving the gallbladder attached to the liver at the
outset of dissection, using the fundus as a handle
to elevate the right lobe of the liver to expose the
porta hepatis. It was in this setting that the duct
which appeared to enter the gallbladder was not
the cystic duct, but the common hepatic duct, espe-
cially in the setting of significant acute or chronic
inflammation.

By adjusting the technique of LC to accentuate
five steps in identification of critical anatomy
before clips were applied, it allowed the reduction
of biliary injury over time. These steps were out-
lined in an article published in the American
Journal of Surgery in 1991 [17]. These steps
encouraged the use of an angled laparoscope to
provide a variety of perspectives on the gallblad-
der from the front, from the side and from the back.
The second step encouraged the surgeon to elevate
the gallbladder fundus sufficiently that the infun-
dibulum was clearly visible superior to the duode-
num, and not stuck in the porta hepatis. The third
step was lateral retraction of the infundibulum, an
attempt to place the cystic duct and common bile
duct at right angles or close to that. The fourth step
was a circumferential dissection of the infundibu-
lum of the gallbladder at its outlet where the cystic
duct originated. By making the gallbladder look
like a polyp on a stalk, it was difficult to have ana-
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tomic confusion. The fifth and most controversial
step was the performance of routine cholangiogra-
phy. These five steps were termed ‘“Hunter’s
Principles” by Dr. William Traverso. The first four
steps were later compressed into a single statement
entitled, “The Critical View of Safety” several
years later.

The fifth step, laparoscopic cholangiography—
performed routinely—created a great deal of debate.
The data were quite clear that the incidence of bile
duct injury was 50% less when laparoscopic chol-
angiogram was performed. Outside of randomized
data, there was no way to prove causality. (Note:
While randomized trials were attempted, the num-
ber of patients that must be randomized to show a
difference of 0.03% (3 in 1000) is over 12,000, and
thus impractical). Without a randomized clinical
trial of adequate size, we could not prove that a
cholangiogram prevented bile duct injury, hence the
fodder for debate for years to come. Critics of rou-
tine cholangiography argued that critical anatomic
identification occurs before the presumptive cystic
duct is cannulated. Thus, a cholangiogram might
identify an injury, but may not prevent it. Perhaps
this was not the explanation why BDI was less com-
mon with cholangiography than without cholangi-
ography. It was theorized that cholangiograms were
performed by the more experienced, better surgeons
who were also less likely to injure a common bile
duct. And yet a third explanation is possible, that
cholangiograms were only done when the anatomy
was clear and inflammation was minimal. In this
setting, a biliary injury would be expected to be less
frequent. Be that as it may, it was probably not the
data that swung the argument one way or another
but the sense that surgeons did not want to be both-
ered with the time commitment and the technical
difficulty of performing a cholangiogram when the
anatomy was clear and the likelihood of a bile duct
stone was low.
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The standard of care today does not require
routine cholangiography as long as the first four
of “Hunter’s principles” are performed and the
“critical view” is attained. Whether or not routine
cholangiography prevents injury, few would
argue against having this technique in a surgeon’s
toolkit, so that they may use it as needed to con-
firm anatomy or search for suspected CBD stones.
In a teaching institution, it is imperative that gen-
eral surgery residents are trained in the techniques
of cholangiography. While the incidence of lapa-
roscopic biliary injury is now close to that of
open surgery, injuries are still created by experi-
enced as well as inexperienced laparoscopic sur-
geons. When a surgeon is unable to perform the
first four steps in “Hunter’s Principles” to make
the gallbladder look like a polyp on a stalk (and
obtain the critical view), it is probably time to
call in a colleague to help them through the oper-
ation. If a colleague is unavailable or similarly
challenged by the anatomy, it is time to convert to
open cholecystectomy.

In conclusion, laparoscopic cholecystectomy
was a revolutionary operation that disrupted the
status quo in general surgery. The torch was car-
ried forward by innovative surgeons of all ages and
within a very short window of time LC became the
standard of care for symptomatic gallstone dis-
ease. Familiarity with cholangiography, developed
by many through its routine application, allows the
surgeon confidence to perform a laparoscopic bile
duct exploration when needed and feel confident
in the identification of biliary anatomy. If a sur-
geon is not familiar with laparoscopic cholangiog-
raphy, their only default will be to refer patients for
postoperative ERCP when bile duct stones are sus-
pected. This is a bit unfortunate as there is no bet-
ter access to the common bile duct to remove
stones than the access that is gained through the
cystic duct during laparoscopic cholecystectomy,
especially after stone passage.
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Personal Perspective/Experience—In
This Surgical Space

Joseph B. Petelin

Having been a surgeon for over 40 years and
having started my laparoscopic studies in the late
1980s, performing my first laparoscopic cholecys-
tectomy in September 1989, and first laparoscopic
common bile duct exploration in the spring of
1990, I have been fortunate to have successfully
performed over 6000 laparoscopic cholecystecto-
mies, over 6000 laparoscopic intraoperative chol-
angiograms (IOCs), and over 600 laparoscopic
common bile duct explorations. As a founding
member of the “Fellowship Council” I have trained
numerous surgeons and fellows over the past
30 years. I have performed over 20,000 laparo-
scopic cases. While my practice is heavily focused
on biliary tract disease, I have performed all types
of advanced laparoscopic procedures, including
the world’s first laparoscopic splenectomy and the
first laparoscopic adrenalectomy in 1990, thou-
sands of laparoscopic colectomies, laparoscopic
anti-reflux procedures, etc. In 1991, I hosted one
of the first international symposia on Minimal
Access Surgery in Kansas City—a term I coined at
that time. (Ilater preferred to refer to it as Minimally
Invasive Surgery—refining the focus to its effects
on patients, not surgical techniques.)

Historical Context: The Early Pioneers

Drs. Berci and Greene have done a remarkable job
of reviewing the early history of the surgical treat-
ment of benign biliary tract disease, highlighting
the innovation and rigor that Professor Kehr and
others brought to the field.

Recent Developments and We “Late
Comers”

It would appear that the rate of change in surgical
experience and technology has continued to
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increase over the past 100+ years—not unlike (but
much slower than) Moore’s Law regarding the rate
of change in computing power in the silicon space.
Nevertheless, there are common threads that
underlie the work that these early “pioneers”
accomplished and that have been “re-sewn” over
the past three decades.

Convergence of Disciplines

One of these interesting features of this develop-
ment involves the ‘“convergence of disciplines.”
Note that Professor Kehr incorporated the exper-
tise of someone in a different discipline, an artist,
to document the details of surgical procedures; it
was their late afternoon discussions that had an
added benefit. It taught Mr. Frohse about surgery,
and their collaboration enhanced Kehr’s perfor-
mance of the procedures. This obviously facili-
tated the education of other surgeons. Note how
the more recent convergence of our surgical disci-
pline with the technological disciplines enabled
the advancements of laparoscopic surgery and
enhanced the ability to teach others about new
techniques in vivid detail—think Berci’s rod and
lens scopes adapted from Hopkins, teaching scopes
with a separate eye-piece, clip appliers, video-lap-
aroscopes, flexible choledochoscopes, etc. How
did this happen?

Disruptive Technologies

There came ...computers, and the technology to
put a CCD (charged coupled device) (i.e., video
camera) on a chip! It seemed like magic that a sur-
geon could share with others in the room what he
or she was seeing in the abdomen through a 10 mm
port.

The philosopher Arthur Clarke once presented
an idea about technology:

Any sufficiently advanced technology is indistin-

guishable from magic. —Arthur C. Clarke, Profiles

of the Future: An Inquiry into the Limits of the
Possible
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Apply this thought to the conventional academic
surgical establishment in the 1990s and its reluc-
tance to accept minimally invasive surgery as any-
thing but a gimmick—*“magic”! Nevertheless, the
world was changing—an inflection point had
occurred.

That concept was clearly described in 1996 by
Andy Grove, past founder and CEO of Intel, in his
most famous book entitled Only the Paranoid
Survive. In that book he described “strategic inflec-
tion points” in business and technology. His com-
pany had been wildly successful and those who
were responsible for achieving it were “wed” to
the technology that made Intel successful. He
described how the company almost missed the
strategic inflection point in computer technology
by defending the existing technology that had got-
ten them to that point. It took new thinking and
new technology to grow. He and the company had
only dealt with and communicated with other
companies that used their products to make com-
puters—not with the end user—their real client
who used the computers. Sound familiar? Consider
these quotes from his book and consider applying
them to our field of surgery, then read on:

In short, strategic inflection points are about funda-

mental change in any business, technological or not

Businesses fail either because they leave their
customers or because their customers leave them!

The person who is the star of a previous era is
often the last one to adapt to change, the last one to
vield to logic of a strategic inflection point and tends
to fall harder than most.

People in the trenches are usually in touch with
impending changes early

—Andrew S. Grove, Only the Paranoid Survive

Current State

Inflection point considerations can certainly be
applied to our surgical space. Note how open cho-
lecystostomy was initially preferred over the newer
open cholecystectomy in those early days—over a
century ago. Seems illogical for us today that sur-
geons would have assumed that idea back then—
just as it seems illogical that many academic
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surgeons assumed that open cholecystectomy
would never be replaced by this new gimmick,
“lap chole,” in the early 1990s. Many academic
surgeons in the establishment were accustomed to
writing papers, pontificating at podiums and only
discussing surgery with their peers as their main
audience, despite the fact that they were operating
on their real end user—their patients. They missed
the inflection point! (If you get a chance to read
just the first 100 pages of Grove’s book, the simi-
larities to the current state of surgery are glaring!)

And so grew the relatively untamed “weekend
course”—mostly in the private sector (the
“trenches”). Unfortunately, only a handful of
devoted “private” surgeons, who maintained the
rigors and surgical principles learned in open sur-
gery in their courses, produced high quality
courses. Space does not provide a thorough dis-
cussion of the many reasons for this development,
but suffice it to say that patients realized the ben-
efits of this new approach (just as computer
“geeks” realized that they were the real consumers
of Intel’s products), patients demanded the new
surgery, and the academic surgical establishment
missed the inflection point. (Similarity to Intel in
1994!)

Surgical Training

I am not sure at all that we as a profession have
learned as much as we should have from the past—
and there are many reasons for that. I am told that
surgical residents are generally performing a fair
number of laparoscopic cholecystectomies but
very few are being trained to perform I0OC, and
even fewer have any experience with laparoscopic
common bile duct exploration (LCDE). It is also
not clear to me whether many, if not most, of our
surgical educators have expertise in LCDE. It
seems that general surgeons have abandoned the
common bile duct, yielding it to our GI colleagues
(who do a great job). Remember that Traverso
et al. [18] have documented that adding ERCP/S to
laparoscopic ~ cholecystectomy  significantly
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increases the cost and adds potential morbidity to
the treatment of patients with common duct
stones—even in the hands of an expert endosco-
pist. Interestingly, one of the younger GI doctors at
my institution told me that he and most GI resi-
dents were never to perform ERCP, and that it was
being reserved for certain fellows. So, are we
headed for a perfect storm?

Final and Future Thoughts

As I understand it, surgery for biliary tract pathol-
ogy is only a few hundred years old. I would guess
that we are still in the infancy or adolescence of
this field. Great improvements have been made in
treating these patients, especially with the recent
introduction of laparoscopic surgery, but maybe as
Longmire envisioned, we will abandon what we
know today as the best surgery for biliary tract
problems with the advent of advanced technology
that we cannot even imagine at this time. And yes,
as someone with over three decades of experience
in this field, I don’t see that so-called robotic sur-
gery at its current state, is it! — but that is a long
difficult discussion that might reveal the Emperor’s
Clothes and is not indicated here.
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I do have concern that we as surgeons are abro-
gating our responsibility to treat benign biliary
tract disease, potentially putting our patients at
more risk. As Jacques Perissat suggested in 1994:

“We must move towards a management policy
using today’s technology, which prevents patients
from needing a dangerous and debilitating second
operation if there is a stone left in the CBD” [19].
In surgical training we were always taught to per-
form the best operation for the patient, for the
appropriate indication, at the right time, in the
most efficient and cost-effective manner. It seems
to me that laparoscopic cholecystectomy with
IOC, and LCDE when necessary, is the only
approach for patients with CBD stones that satis-
fies those criteria at this time.

Yes, I know it is difficult...but surgeons are not
supposed to be afraid of what is difficult...

This quote from another famous philosopher
seems appropriate:

Those who cannot remember the past are con-

demned to repeat it. —George Santayana, The Life
of Reason, 1905.

I believe, and hope, that the next “inflection
point” in surgery is near...
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Each Major Advance in Biliary Surgery
Needed a New Way of Teaching

Edward H. Phillips

The surgical management of biliary disease has
undergone four major changes since the early
1800s. Prior to 1867, lancing an abdominal wall
boil and creating a biliary cutaneous fistula was
the only surgical treatment for those patients lucky
enough to survive up until that point. Theodore
Kocher (1841-1917), the famous Swiss surgeon,
tried to create a cholo-cutaneous fistula and per-
formed his first cholecystotomy in 1854 while
Bobbs performed the first in the USA in 1867.
While a cholecystotomy was thought to be experi-
mental and dangerous, Karl Langenbuch (1846—
1901) went even further and performed the first
cholecystectomy in 1882. He treated common bile
duct stones by milking them back into the gall-
bladder. Open surgery was a major advance but not
without significant risks and challenges. It required
an increased reliance on visual inspection and less
reliance on tactile sensation. It required the need
for light, exposure, a skilled assistant, anesthesia,
antisepsis, and a hospital operating room. Of
course, initially there was increased mortality due
to bleeding, infection, and anesthetic complica-
tions inherent in “big” incision surgery. Advances
progressed rapidly. In 1889, the first choledochot-
omies were being reported by Abbe in New York,
Thornton in London, Courvoisier in Switzerland,
and Kehr in Germany. In 1899, William Halsted
performed the first choledocho-duodenostomy.
These surgeons, teaching by apprenticeship and
publication of their work, also experienced some-
thing in common—they faced harsh criticism from
their colleagues for embarking on dangerous and
unproven operations.

My fascination with the biliary tree began when
I first met George Berci. I was a surgical resident
at LA County-USC Medical Center in 1976 when
he introduced the rigid choledochoscope as a visit-
ing lecturer. Three years later, I went into practice
at Cedars-Sinai Medical Center in Los Angeles
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where George was on faculty. But in retrospect,
my circuitous journey to laparoscopic cholecystec-
tomy occurred a few years later when Dr. Bernie
Fisher published the results of a trial showing
equivalent survival between mastectomy and
breast-preserving surgery followed by radiation.
Dr. Fisher ultimately prevailed against fierce resis-
tance, the loss of his job as Chair and the animos-
ity of his colleagues that is often directed at
disruptive innovators. As Machiavelli said, “The
innovator makes enemies of all those who pros-
pered under the old order and only lukewarm sup-
port is forthcoming from those who would prosper
under the new.”

I believed Dr. Fisher’s data and was an early
adopter of breast preserving surgery. Each consult
was an emotional roller coaster. I often stayed late
into the night trying to help patients and their fami-
lies with such an emotionally charged decision:
mastectomy or lumpectomy. It was also my first
experience getting pushback from my colleagues.
I'soon learned firsthand what Fisher was up against.
It was an emotionally exhausting time for me, and
maybe a dose of research on an exciting project
would rejuvenate me. Enter Dr. George Berci who
was Primary Investigator on the Siemens trial for
extracorporeal lithotripsy for gallstones (circa
1984). This was a trial that changed my life. The
Siemens protocol required a surgeon to evaluate
and be on call for each participant. When Dr. Berci
asked me to be that surgeon, I un-enthusiastically
said “yes.” I was truly shocked when so many peo-
ple enrolled in the trial. I thought an open chole
was a great operation. So why were not these peo-
ple excited to have a cholecystectomy? I learned
that they had seen their parents and/or grandpar-
ents suffering with chronic pain, incisional her-
nias, bile fistulae, and postoperative mortality.

This was a light bulb moment 1 decided to go into
the animal lab and develop a better way to perform
a cholecystectomy occurred . At this point, I have
to thank the late Dr. Leon Morgenstern, the
Director of Surgery at Cedars and a great figure in
American surgery. He gave me the opportunity to
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pursue something he thought was dangerous and
would not work. Fortunately, all the elements
needed to take an idea to reality were available at
Cedars-Sinai Medical Center: it had a large animal
lab where I could experiment on pigs and learn
from my mistakes, it had relationships with indus-
try including Karl Storz Endoscopy that supplied
the laparoscopic equipment for the lab and it had
George Berci an innovator in all things endoscopic.
There were several technical challenges to over-
come: exposure of the gallbladder which required
designing better graspers. It needed better tools for
dissection: an instrument that could dissect and
provide hemostasis was needed, a hook cautery
was developed and ultimately the Probe Plus
(Ethicon EndoSurgery) with cautery, suction, and
irrigation. Finally, ligation of the cystic duct and
artery was performed with suture and extra-
corporeal knot tying. An endoscopic clip applier
had to be developed. Next was practice, practice,
practice. By early 1988, we were ready to do a lap
chole on a human patient. Unfortunately, Dr.
Morgenstern did not agree. He thought it was too
dangerous.

We were stymied until we heard a few other sur-
geons were doing lap choles around the world. The
closest was Dr. Eddie joe Reddick in Nashville
working with William Saye. We were not aware of
Eric Miihe’s work nor how he lost his license for
performing lap choles. Dr. Berci and I got on a
plane and went to watch Dr. Reddick perform a lap
chole using the CO2 laser for dissection. The sur-
gical technique was similar to ours but we used
hook electrocautery. After returning to Cedars with
his video, we were able to get IRB permission for
a 20-patient pilot study. It was not easy to get the
first patient to consent. It took 4 months. Finally, a
surgery was scheduled in October 1989. It took 3
12 hours. It went well and the patient did fantasti-
cally well.. The difference between a laparoscopic
and an open chole was dramatic. No randomized
control trials were necessary to convince that lapa-
roscopic surgery was the future. But like Bernie
Fisher’s and Eric Muhe’s experience as well as the
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experience of early biliary surgeons, being an
innovator always has its obstacles: competitors
limited my surgical privileges.

Dr. Berci correctly thought that would change if
we taught all 60 of the general surgeons on staff
how to perform lap choles. So we geared up to give
weekend courses in the lab. Initially I had incor-
rectly assumed we would teach lap chole the same
way we taught residents “open” cholecystectomy:
see one, do one, teach one. But this was such a new
way of operating. The old way of teaching would
not suffice. I had never attended, let alone orga-
nized a hands-on course with lap trainers and pigs,
but with George Berci’s help, the support of our
lab assistant, Leon Dayhovsky, and my partners
Brendan Carrol and Moses Fallas, the resources of
Cedars and instrumentation from Karl Storz and
Ethicon EndoSurgery, we started teaching the
teachers and then, community surgeons.

The laparoscopic revolution was the beginning
of my experience in postgraduate surgical educa-
tion. The demand for courses was tremendous but
not all courses were created equal. Facebook’s
original motto was to “move fast and break things,”
and Silicon valley’s mantra is to “fail fast and fail
often.” However, this will not cut it with our
patients’ lives at stake. Even if the courses were
good, many surgeons began performing laparo-
scopic cholecystectomies after a single weekend
course. As feared, complications were occurring at
an alarming frequency. Ultimately, SAGES
stepped up and took the lead setting standards and
certifying courses.

It became immediately apparent that a technique
to remove common duct stones encountered dur-
ing lap chole was needed. Many surgeons were
relying on ERCP/ES but not without complica-
tions of stricture, perforation, and pancreatitis—
especially on young patients with small ducts.
Leon Dayhovsky had been a urology technician
and he taught me urologic techniques for remov-
ing ureteral stones. We tried ampullary balloon
dilation and lavage, laser and electrohydraulic lith-
otripsy via the ureteroscope, and fluoroscopic wire
basket stone retrieval. In December 1989, I began



Each Major Advance in Biliary Surgery Needed a New Way of Teaching

using sequential bougies (and later radial dilating
balloons) to dilate the cystic duct, a ureteroscope,
and wire basket to retrieve stones in favorable
cases and later, choledochotomy in dilated com-
mon ducts which led to adding laparoscopic sutur-
ing and intracorporeal knot tying to our skill set.
Dr. Berci, myself, and others tried to encourage
surgeons to utilize cholangiography, not only to
identify stones and confirm anatomy but also to
identify bile duct injuries during cholecystectomy
so that they could be repaired promptly and reduce
the sequelae. Even then, some surgeons did not
identify injuries on cholangiograms as they were
not familiar with reading cholangiograms. Since
most surgeons could not or did not want to remove
bile duct stones laparoscopically, intraoperative
cholangiograms were not performed except by a
relatively small group of experts. Because bile duct
injuries persist even 30 years since the introduction
of laparoscopic cholecystectomy, SAGES initiated
a Safe Cholecystectomy program. As surgeons
teaching cholecystectomy, our work is not done.
But what of the future? The future is here—
robotic cholecystectomy. In 2020, 25% of aca-
demic centers on the west coast of the United
States are routinely performing robotic cholecys-
tectomies and that number is increasing. Even
though tactile sensation is lost, the robotic tech-
nique has superior visualization and a skilled assis-
tant, PA, or nurse is not really needed. The surgeon
can retract for themselves while sitting at an ergo-
nomic console. And with any new technology, a
new way of teaching is needed. Robotic surgery
has a teaching console which allows the teacher to
safely control the student and point out key steps
and anatomy. It is a great teaching tool but expen-
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sive and not as available as a lap trainer had been.
Unfortunately, as more and more residents are
training in robotic surgery, the number of robotic
cholecystectomies is increasing while intraopera-
tive cholangiograms are decreasing even more. To
perform a cholangiogram, it takes time to scrub
back in, put a catheter percutaneously through the
abdominal wall, insert it in into the cystic duct, and
clip it there. The robot needs to be de-coupled
from the working ports so a fluoroscopy machine
can be brought in to perform the cholangiogram. It
is not going to happen except in very selected
cases. It takes too much time.

Another challenge to surgical bile duct explora-
tion is the change occurring in emergency surgery.
Acute care surgeons are performing most of the
emergency surgery in urban centers and they are
teaching the residents emergency cholecystecto-
mies. Most acute care surgeons have not been
trained in laparoscopic common duct exploration.
These changes have resulted in the trend that com-
mon duct explorations are only being performed
on patients who have had gastric bypasses or com-
plicated stone disease. Increasingly, these are
being performed by hepatobiliary surgeons many
of whom have also not been trained in techniques
of bile duct exploration, let alone endoscopic tech-
niques. However, I believe in the future robotic
biliary surgery will be augmented by artificial
intelligence which will alert the surgeon to ana-
tomic variants making the operation safer. Robotic
endoscopic ultrasound will help identify not only
the anatomy, but also bile duct stones. Robotic-
guided bile duct endoscopy and stone removal,
therefore, will bring the bile duct back into the sur-
geon’s realm.
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Biliary Surgery: A Story of Innovation
and Change

Jeffrey L. Ponsky

The gallbladder and biliary tree have long been
a focus of fascination for physicians.

Early surgeons approached the gallbladder with
some caution as they were unsure if one could sur-
vive without it. The first interventions in this area
included draining the obstructed gallbladder, then
later, opening it and removing the stones. In Berlin,
in 1882, Carl Langenbuch demonstrated the temer-
ity to remove the organ. Then followed a century
of refinement and expansion of surgical approaches
to the biliary tree. In addition to cholecystectomy
for cholecystolithiasis, surgeons developed great
skill and confidence in operating upon the com-
mon bile duct, for treatment of choledocholithiasis
and also for other benign and malignant maladies.

Surgery upon the biliary tree could be easy and
rapid, but frequently proved challenging and com-
plicated. Inflammation or anatomic variation in
biliary anatomy could make interventions difficult
and occasionally lead to dire complications.
Compulsive attention to details of operative tech-
nique and identification of anatomy became hall-
marks of biliary surgery. By the middle of the
twentieth century, general surgeons became quite
comfortable with the operative therapy of biliary
lithiasis. Operations on the common bile duct were
quite routine and highly successful. The incidence
of bile duct injury was exceedingly low.

Other methods of therapy for biliary stones
emerged in the 1970s and 1980s. These included
endoscopic retrograde cholangiopancreatography
(ERCP) and extracorporeal shockwave lithotripsy
(ESWL). ERCP offered a means to examine the
bile duct, identify pathology, and remove bile duct
stones by incising the ampulla of Vater and passing
a variety of instrumentation up the duct to remove
the stones. This method became extremely popular
and highly successful in treating choledocholithia-
sis but carried its own risk of complications. It did
not address gallbladder stones. ESWL used high-
frequency sound waves to fracture stones.
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Although highly successful in the therapy of
kidney stones, and initially thought to be an alter-
native to cholecystectomy for gallstones, the latter
did not prove to be true.

Perhaps the most revolutionary advance in the
recent history of biliary surgery was the develop-
ment of laparoscopic cholecystectomy. This
method, first performed in Germany in 1985,
fired the imaginations of surgeons throughout
the world and was rapidly embraced by the pub-
lic. It provided for a means of removing the gall-
bladder (and eventually almost every other
organ) in a minimally invasive way with reduced
morbidity. While a number of surgeons became
comfortable exploring the common bile duct,
either through the cystic duct or by direct laparo-
scopic choledochotomy, most deferred to ERCP,
either pre- or postoperatively to manage stones
in the bile duct. The frequency of intraoperative
cholangiography remained low.

While this approach was mostly effective, there
was an added cost and morbidity attendant to the
added ERCP.

Recent innovations in endoscopic technology
have led to the development of very high-quality
small caliber choledochoscopes which can be
passed through the cystic duct and facilitate stone
extraction from the common duct. Unfortunately,
training in this technique has not kept pace with
innovation. Surgical residency programs have
offered little exposure to common bile duct explo-
ration. Specialty societies such as SAGES (Society
of American Gastrointestinal and Endoscopic
Surgeons) and individual surgeons such as the
authors of this monograph have emphasized the
importance of training surgeons in these tech-
niques, and offered courses and training materials
to support these efforts.

Innovation in the area of biliary surgery has not
ceased. In the early part of the twenty-first century
a new concept called NOTES (Natural Orifice
Translumenal Endoscopic Surgery) was intro-
duced. This idea excited surgeons and gastroenter-
ologists throughout the world. An early goal of this
project was to create a means of performing trans-
gastric cholecystectomy.
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Although some of these procedures were suc-
cessfully performed, they failed to achieve wide
acceptance due to technological and conceptual
shortfalls. In addition, none of these procedures
addressed common bile duct stones. Thus, for the
present, the method has been mostly abandoned.

More recent innovations in attacking biliary
lithiasis have involved the therapeutic use of endo-
scopic ultrasound and endoscopic stent technol-
ogy. In select cases, the gallbladder can be
visualized via the stomach or duodenum with
endoscopic ultrasound. A wire is passed across the
intestinal wall into the adjacent gallbladder and a
self-expanding stent is passed across the walls into
the gallbladder. The edges of the stent turn back to
create a tight anastomosis and an endoscope may
be passed into the gallbladder and the stones
extracted into the Intestinal lumen: A permanent
cholecysto-enteric anastomosis is thus created.

These new innovations are exciting and, in some
cases, transformative, as was laparoscopic chole-
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cystectomy, and indeed, open cholecystectomy
itself. However, in the excitement to create new
methodology and innovation, the issue of the com-
mon bile duct is usually overlooked. Removal of
stones therein relegated to treatment by
ERCP. While this is certainly effective in most
cases, it is clear that modern surgeons have relin-
quished their dominance in the treatment of cho-
ledocholithiasis to the endoscopist. The average
general surgeon of today is uncomfortable in the
management of common duct stones.

The practice of biliary surgery in the future will
continue to evolve as new technologies and exper-
tise develop. Innovation will continue to occur,
and patients will benefit as robotics and artificial
intelligence are integrated into biliary therapy. It is
important, however, for surgical training programs
to emphasize expertise in the management of com-
mon duct pathology. These therapies were devel-
oped by surgeons and surgeons of the future must
continue to own this space.
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Walter J. Pories

My worst case as a chief resident at the
University of Rochester was a Puerto Rican father
of eight who presented with jaundice and abdomi-
nal pain. On exploration through a long right upper
quadrant incision, I encountered a large common
duct with impacted stones that I could not budge.
We squinted through a small, monocular choledo-
choscope but could not see much and finally dis-
lodged the offending rock with difficulty. He died
3 days later of hemorrhagic pancreatitis, no doubt
due to my excessive manipulations. Even now,
58 years later, I still rue this death.

Today, because of George, surgeons are far more
capable of managing these cases with excellent
outcomes, through little incisions, with precision.
Because of his inventions of new instruments, his
adaptation of optics into medical practice, his pur-
suit of laparoscopy and thoracoscopy, we no lon-
ger need to squint through foggy tubes with our
heads almost into the wound. Due to his vision, his
adaptation of tiny cameras, we can now observe
our movements on large monitors in two dimen-
sions, in color. We can record the procedures and
use these videos for teaching, not only for students
but for ourselves. Surgery can even be directed
from another part of the globe and, perhaps soon,
during interplanetary travel. Nor were his contri-
butions limited to explorations of the large cavi-
ties. He also made it possible to traverse the entire
colon, much of the foregut and the entire tracheo-
bronchial tree with ease and certainty, allowing not
only visualization but also diagnosis, resection of
lesions, and even curative removal of tumors. His
maturation of colonoscopy, allowing definitive
safe screening, alone has saved countless lives.

One can only wonder, as he sits in his apartment
in Los Angeles isolated by the pandemic, what
new ideas he has in store for us. I asked him
recently to share his vision of the future but he was
reticent, a response I took to mean that he was
already off on another breakthrough, perhaps the
design of small, insect-like robots, swallowed in a

capsule, that escaped from that container into the
stomach, moved through the gastric wall into the
abdominal cavity, carried out the destruction of
tumors or clearing of lesions, returning into the
bowel to be discharged at a later time, perhaps
with a small specimen of the lesion in another
retrievable capsule. Stay tuned.
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“I know they look like insects but these are the little
robots that we'll put in your tiny incisions so they can
do the operation.”

This translation of the work of Hans Kehr not
only is a total pivot into the past but indicates how
far we have come. The image of Kehr performing
a cholecystectomy in about 1900 brings it home.
Note the lack of masks, caps, gloves, and the sur-
geon, with bare hands, reaching up into the gall-
bladder fossa with his left hand.

Berci’s elegant translation also allows us to
appreciate the art of medical illustration. As a
medical illustrator, I have long been fascinated by
the curious history of this invaluable aid to medi-
cal education. Accurate anatomy, displayed in stat-
ues and friezes, was prized by the ancient Greeks
and Romans, but fell in disfavor in the Church. In
the eleventh and thirteenth centuries papal encycli-
cals emphasized the teaching that existence on this
earth was a test to determine if a sinner was fit to
enter heaven. Based on that belief, they forbade
monks from serving as physicians, but allowed
nuns to continue to provide palliative care. Part of
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those pronouncements also led to the prohibition
of anatomic dissections and medical illustration.
An exception was finally granted to artists, a ruling
that led to DaVinci’s production of the finest ana-
tomic drawings of his time.

Medical illustration returned in the American
Civil War with a series of remarkable watercolors
by surgeons. At the turn of the century, German
surgeons, including Kehr, helped to promote medi-

cal illustration for teaching purposes. It was not
until 1884, with the arrival of Max Broedel at
Johns Hopkins that the discipline flourished in the
United States.

First, George Berci led us into the future. Now
with this remarkable translation of the book by
Hans Kehr, he guides us into the past. Enjoy the
excerpts from Kehr’s remarkable publication and
join me in reflecting how far our field has come.
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For Me, It Started with Diagnostic
Laparoscopy

Barry Salky

I remember, like yesterday, the conversation |
had with George Berci in the mid-1980s while
attending a diagnostic laparoscopy course in
Florida. The question had to do with using diag-
nostic laparoscopy for retroperitoneal pathology.

A little bit of history is appropriate here. When
I finished my surgical training in 1979 (no CT or
MRI and just at the infancy of sonography), I was
introduced to diagnostic laparoscopy as a way to
detail problems in the abdomen. I learned from
H. Worth Boyce, MD, at the University of South
Florida. He taught me the technique of introduc-
ing the laparoscope under local anesthesia. N,O
was the preferred insufflation gas, not CO, as is
used today. It was eye opening for me. I was
amazed at how this simple technique could change
the clinical course for so many people. There were
very few general surgeons versed in this technique
in the United States (George Berci was one!).
Being a general surgeon, I was always interested
in the therapeutic possibilities of laparoscopy
more so than its diagnostic capabilities. Then, lap-
aroscopic cholecystectomy was introduced. 1
learned the technique from Professors Perissat
and Dubois in late 1989. Clearly, this was a game
changer for all surgeons.

I remember well the push back from both aca-
demia and private practice surgeons, both for dif-
ferent reasons. Academic pushback had to do more
with changing the surgical paradigm, while many
private practice surgeons saw this as an economic
assault. It was a difficult time in the early 1990s for
advancement of laparoscopic cholecystectomy. I
was trained in routine (open) cholangiography, so
adding that to lap chole was not difficult for me.
However, it was difficult for many surgeons, and |
believe, it was key to the increase in common bile
duct injuries with lap chole. As I practiced in
New York City at The Mount Sinai Hospital, the
New York State Health Department’s scathing
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report on common bile duct injuries is still fresh in
my mind. While the incidence of bile duct injuries
in lap chole has come down, it is still higher than
open cholecystectomy historically.

Training was (and still is!) a major issue in
1990, and it was clearly all over the place. Some
private practice surgeons saw this as an economic
tsunami. Many medical device manufacturers
were scrambling to get into the field. Many gen-
eral surgeons were clamoring to learn the tech-
nique. It was truly the surgical “wild west” in the
1990s. The patients who needed cholecystectomy
only wanted it done laparoscopically. In 1990, it
was not uncommon to have five laparoscopic cho-
lecystectomies a day on my operative schedule,
and I operated 3 days a week! One thing was clear
to me back then: laparoscopic cholecystectomy
was going to bring a revolution to general surgery.
Cholecystectomy was just the start. It was clear
that innovation was going to disrupt general sur-
gery. The difference in recovery was just as dra-
matic as the difference in scar formation from
what general surgeons were trained to expect.
That is just as true today as it was then. A good
example of this is colon and rectal surgery. There
is debate among surgeons if intracorporeal anas-
tomosis has advantages over extracorporeal tech-
niques. Both require training, but intracorporeal
requires a more advanced skill set in suturing.
Smaller incisions (or even no abdominal incision)
are possible with intracorporeal techniques, all to
the patient advantage.

Of all the surgical societies in the United States,
it was the Society of American Gastrointestinal
and Endoscopic Surgeons (SAGES) that recog-
nized a revolution in surgery was coming. To its
credit, SAGES promoted proper, organized train-
ing in laparoscopic cholecystectomy. It issued
guidelines so needed by patients and surgeons.
SAGES’s stature in American surgery soared dra-
matically (appropriately so) in its activities related
to the laparoscopic revolution. There were many in
the SAGES organization that were responsible for
this, including the authors of this book. SAGES
continues to focus on minimally invasive surgery
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in all its aspects for general surgeons, and laparo-
scopic cholecystectomy continues to be part of it.
SAFE cholecystectomy is a relatively new initia-
tive promoted by SAGES.

Where will minimally invasive surgery go next?
How will it impact patients, surgeons, and the
medical economy in general? I wish I had the
answer to those questions, but I am sure that sur-
gery will change, just as it did in late 1989 and
early 1990. Robotics have made a strong push into
this arena, but exactly what and how has not been
determined. The good news is that we learned a lot
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from the early days of laparoscopic cholecystec-
tomy. Patient safety and clinical effectiveness are
the two most important components of the next
revolution. SAGES is continuing to keep those
parameters front and center of their credo. Science
must rule the day in surgery, and I am looking for-
ward to where it will take us. That does not mean
that innovation has to be stifled. It just means that
innovation has to be properly set up so that we and
our patients get the correct answers. This very
much includes robotics and its role in minimally
invasive surgery.
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Jozsef Sandor

In 1909, Sir Granville E. Smith in London pre-
sented a mummy as a gift to the Royal College of
Surgeons. Princess Amenen’s mummy originated
from the twenty-first dynasty. A careful examina-
tion of the remnants of viscera revealed an enlarged
gallbladder which contained 30 gallstones. This
finding from 1500 BC was evidence of mankind’s
suffering from gallstone disease for more than
3000 years.

There was no solution to get rid of this disease:
only those could survive the complications of
inflamed gallbladder who were lucky to develop a
fistula from the gallbladder to the abdominal wall
through which gallstones and bile were passing
during their life. The first successful surgical inter-
vention—cholecystostomy—was performed by
J.S.Bobbsin 1867 (with anesthesia) in Indianapolis
on the third floor of a drugstore. This was a suc-
cessful procedure; the patient was introduced to
the audience 37 years later at the congress of the
American Medical Association.

Although general anesthesia started already on
“Ether Day” in Boston (16th October 1846), the
first successful major abdominal operations includ-
ing cholecystectomy were performed only at the
beginning of 1880s. What had happened during
the previous three decades? Surgeons—having
now the opportunity to perform painless proce-
dures—had to learn and get experience when to
open the abdomen of a living human, where to
make the incision, invent tools for these proce-
dures. On 15th July 1882 in Berlin Carl J. A.
Langenbuch operated on a 43-year-old man who
was suffering from biliary colic for 16 years and
became a hopeless morphine addict. Nobody knew
the consequences of gallbladder removal. It was
the suspicion that lacking a gallbladder would
result in continuous bile flow to the intestine result-
ing in non-treatable diarrhea and, as the conse-
quence of the continuously open sphincter of Oddi,
ascending cholangitis could be expected. In the
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morning following the day of the cholecystectomy
Langenbuch entered the room to visit his patient
and found him sitting quietly in his bed, smoking a
cigar ...

Cholecystectomy as the procedure of choice to
solve gallstone disease and its complications was
not a glorious march in the end of the nineteenth
century. There was no experience for indications:
when to operate, in what stage of gallstone disease
gallbladder removal should be advised, and anes-
thesia was also in the developmental stage—the
operation itself meant a significant risk factor.

Consequently, cholecystectomy was performed
generally at the advanced stage of inflammation,
when it was difficult to perform a safe procedure,
as a “last chance” to save the patient’s life in the
hopeless situation. This practice resulted in an
extremely high 20% mortality rate during the first
few hundred cholecystectomies performed until
the dawn of the twentieth century. The majority of
surgeons at that time preferred cholecystostomy to
gallbladder removal.

That is the main reason why Hans Kehr deserves
the recognition, and we can congratulate Professors
Berci and Greene for documenting his work and
achievements. The German surgeon not only pre-
cisely analyzed a large number of cholecystecto-
mies performed by himself but also provided
technical advice—including application of his
invention, the T-tube, for common bile duct sur-
gery—in his book, published in 1913. This was a
considerable help to educate surgeons worldwide
also with teaching methods for residents. The
wonderful color drawings created by an artist who
stood behind Kehr during the procedures and the
description of variations in cystic duct and cystic
artery anatomy provide additional significance to
this book.

It slowly became obvious that cholecystostomy
cannot offer the final solution to the management
of the inflamed stage of cholecystitis—develop-
ment of a biliary fistula represented a serious event
and if the opening of the gallbladder closed spon-
taneously new gallstones and sometimes malig-
nancies developed in the non-excised organ.
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Distinguished surgeons worldwide, like Eugene
Polya (inventor of Polya-gastrectomy), suggested
at a surgical conference in Budapest in 1908: “It’s
far better to remove the gallbladder.” With the evo-
lution of modern anesthesia, with the development
of novel surgical devices and with the expansion of
surgical practice the mortality rate of cholecystec-
tomy dropped below 1% worldwide by the 1980s.

Meanwhile, laparoscopy started to conquer
medicine. In the beginning, gynecological proce-
dures employed this technology, and later general
surgeons on both sides of the Atlantic started to
implement laparoscopy. Pioneers H. Kalk in
Germany and J. Ruddock in the United States,
emphasized the advantage of peritoneoscopy over
explorative laparotomy as the diagnostic method
for uncertain clinical scenarios. The Veres needle,
introduced in 1936, was utilized to create pneumo-
peritoneum safely.

In the book the authors describe the hard work
and achievements of the pioneers of laparoscopic
surgery. I have to agree with them: intrigue and
enviousness can be observed throughout medical
history and this statement is also valid for the evo-
lution of laparoscopic procedures.

When J. Veres published his paper about his
invention, the use of the spring-loaded needle—
comments were published soon: 1. “have already
invented years ago” 2: “have tried it—this nee-
dle doesn’t work.” In 1980, K. Semm, the
German gynecologist, performed laparoscopic
appendectomy for the first time in medical his-
tory. As a consequence, he was sentenced to a
brain scan, because “a physician with common
sense would not attempt to do this procedure.”

When Erich Miihe, the German surgeon who
performed the first laparoscopic cholecystectomy
in 1985 and a year later reported his method at the
congress of German Surgical Society, the audience
laughed at him using derogatory remarks like
“Mickey Mouse surgery.” Phillippe Mouret, a
French gynecologist, performed a laparoscopic
cholecystectomy in 1987, but he did not have the
courage to publish this procedure. His scrub nurse
delivered the news of this method to a surgeon in
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Paris, F. Dubois. He started to perform laparo-
scopic cholecystectomies and after 18 successful
procedures he wanted to publish this new method
in the French Medical Journal—but his paper was
rejected with the comment: “this is an unaccept-
able method...”

But the acceptance of laparoscopic cholecystec-
tomy seemed to be unstoppable and the method
spread all over the world, like a bush fire. Some
referred to this technology as the “perestroika” of
surgery.

In 1989, I participated in the World Congress of
Surgery in Toronto. One day Prof. Berci advised
me to watch a video presentation of a new proce-
dure. This was J. Perissat’s presentation of laparo-
scopic cholecystectomy. It was the first time I have
ever seen this new method. I was not convinced at
all about the advantages of the laparoscopic
approach. What—instead of the classic, safe
access, using a long abdominal incision to provide
a large, adequate operative field—just pushing
I cm diameter tubes into the abdominal wall?

Next spring, I received the task at the Annual
Congress of the Hungarian Surgical Society to
review the nonsurgical treatment options of gall-
stone disease (litholysis and lithotripsy). At the
end of my presentation, I also mentioned that there
existed a new surgical method, laparoscopic chole-
cystectomy. I projected two slides in parallel. One
was El Greco’s painting of St. Sebastian executed
with arrows all over his body. The other slide was
a still image of a laparoscopic cholecystectomy.
“This (I pointed to the painting) is execution and
this (I pointed to the photograph of laparoscopic
cholecystectomy) is the new method. No com-
ment!” Thank God, this meeting was also attended
by Prof. Berci who thoroughly “washed my brain”
and I soon became an enthusiastic laparoscopic
surgeon.

It was not easy to convince the surgical commu-
nity to perform laparoscopic cholecystectomy.
Surgical departments went through various stages
of acceptance of this method: (1) Non acceptable;
(2) Only as an experimental method for animals;
(3) Only for specially trained surgeons; (4) 1, as the
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chief of the department, can perform laparoscopic
cholecystectomy; (5) All the surgeons at the depart-
ment apply this method; (6) Conversion is not a
shame, this is the right solution in certain cases.

Enthusiastic surgeons in the United States estab-
lished the Society of American Gastrointestinal
and Endoscopic Surgeons (SAGES), which
quickly emerged as the most progressive surgical
organization with participants from all over the
world and took a leading role in the development
of safe laparoscopic techniques. Countless educa-
tional programs, hands-on training courses, and
in-person and virtual conferences are offered for
surgeons wishing to specialize in minimally inva-
sive surgery. SAGES organized a comprehensive
program, Fundamentals of Laparoscopic Surgery
(FLS), which is now a mandatory component of
most general surgical residency programs in the
United States.

In this book, Drs. Berci and Greene also deal
with the present challenges of biliary surgery, like
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the management of common duct stones and the
surgeon’s responsibility to apply the safest meth-
ods of stone removal. The operative skills we have
learned by performing laparoscopic cholecystec-
tomy can be used in further innovative, challeng-
ing situations.

During the last three decades new branches of
minimally invasive surgery developed: single inci-
sion access, natural orifice translumenal endo-
scopic surgery (NOTES), robotic-assisted surgery,
telepresence surgery. We are starting to send astro-
nauts to Mars and other targets in space. Human
experiments carried out in special aircrafts pro-
ducing weightlessness proved that surgical inter-
ventions in these circumstances can be performed
only in closed systems, like the laparoscopic
environment.

When we are learning from the lessons of the
pioneer Hans Kehr, we can only concur with Prof.
Berci and Prof. Greene, who conclude that this is
“An Unfinished Story.”
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Nathaniel J. Soper

During my surgical residency, there was one
attending surgeon in private practice who would
occasionally perform diagnostic laparoscopy. The
residents thought he was crazy for doing these
cases, and the junior resident was usually assigned
to “assist,” that is, watch him. He would glue his
eye to the eyepiece of the 0 degree laparoscope
and drag his face across the prepped belly while
looking at all four quadrants of the abdominal cav-
ity, occasionally inviting the resident to take a
peek. I certainly saw no future in this technique or
technology...

Fast-forward a few years, and I am now a rookie
attending surgeon at Washington University in St.
Louis, hired to do maximally invasive surgery and
basic science research. Within months of my arrival,
Barnes Hospital purchased two (2!) biliary extracor-
poreal shockwave lithotripsy machines, one con-
trolled by the radiologists and one controlled by a
joint effort between G.I. medicine and surgery. We
established the Barnes Hospital Gallstone Center to
evaluate and treat patients with gallstone disease.
The protocol called for an ultrasound to assess the
size and number of stones and a CT scan to rule out
calcifications in them. Most patients were not candi-
dates for lithotripsy because of stone size, number,
or calcifications, and we would then perform a
“mini-cholecystectomy’” through as small of an inci-
sion in the right upper quadrant as possible. The sur-
geons realized quickly that lithotripsy was not a
good solution to gallstone disease—we acknowl-
edged that even when the technique for fragmenta-
tion of the stones with subsequent dissolution of the
fragments with ursodeoxycholic acid was success-
ful, which was rare, they would almost certainly
recur in the future. However, we had established a
referral practice for cholecystectomies, and as the
junior-most surgeon I was expected to lead the effort
for such a mundane disease.

To publicize this “modern approach” to choleli-
thiasis, I would give outreach educational lectures

153

at rubber chicken dinners around the state. At the
end of such a lecture in December of 1988 a nurse
asked if I had seen the paper in that month’s issue
of “Laser Monthly Report” in which Eddie Joe
Reddick, MD, was the first to publish the success-
ful outcomes of two patients who had undergone
“laparoscopic laser cholecystectomy.” The con-
cept to me made eminent sense—take out the dis-
eased gallbladder under direct vision using tiny
incisions! Returning to Washington University |
was introduced to a urologist who knew of Kurt
Semm’s work (a gynecologist who had published a
case report of a laparoscopic appendectomy) and
had contacts at Karl Storz, Inc. Dr. Ralph Clayman
and I were able to cobble together rudimentary
laparoscopic equipment and performed multiple
laparoscopic cholecystectomies in pigs. At that
time, it was thought that monopolar cautery used
during laparoscopy was dangerous, ergo the use of
the laser by Dr. Reddick’s group. We did not have
a laser, so shrink-wrapped a long cautery probe to
5 mm and demonstrated that this was safe, particu-
larly given the CO, environment. The next step for
me was to work with our gynecologists to learn
how to place laparoscopic ports in humans.

In August of 1989 I called Dr. Reddick’s office
and was given permission to observe the perfor-
mance of a laparoscopic laser cholecystectomy at
West Side Hospital in Nashville, TN. Five other
surgeon observers were in attendance (including
Joe Petelin, MD, an early adopter of laparoscopic
cholecystectomy). During the first minute of the
cholecystectomy performed by Reddick and his
partner Doug Olsen it became abundantly clear
that this technology represented the future of cho-
lecystectomy, if not of abdominal surgery! The
crystal clear and magnified image, the precise dis-
section, and the easy teamwork made for beautiful
and uncomplicated operations. Each of the observ-
ers felt the same way and we all left with the plan
to start performing these cases as soon as
possible.

The only hang-up was that there was no inven-
tory of laparoscopic equipment available for pur-
chase. We ordered a set from Karl Storz, Inc. and
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were told that we would need to wait to receive it
until after it had been exhibited at the Clinical
Congress of the American College of Surgeons in
Atlanta in October 1989. Two exhibit booths had a
looping VHS recording of a laparoscopic laser
cholecystectomy done by Reddick’s group—the
laser company and Karl Storz, Inc. Surgeons were
lined up at each of these booths to watch the vid-
eotape of the cholecystectomy—at least three-
fourths of those surgeons turned away in disgust at
such an outlandish procedure whereas one-fourth
clamored to purchase the equipment.

Three weeks later—on Friday the 13th of
November—we had received the laparoscopic
tower and equipment and were ready to try our
first clinical case. Because of the novelty of this
operation I had decided to include the first 25
patients in an IRB-approved clinical trial, admit-
ting them to our clinical research center and draw-
ing a whole battery of lab tests the following
morning. On the day of the operation while I was
at the scrub sink preoperatively a senior faculty
member warned me that if things did not go well,
I would undoubtedly be sued. The female patient
had been symptomatic for months while awaiting
the operation and had a hydropic gallbladder. The
operation was difficult and took four hours to per-
form, but she did well. Thankfully there were no
complications early in our experience and clinical
demand exploded. There were several occasions
when patients in the preoperative holding area
awaiting open cholecystectomy heard about this
new technique, cancelled their operations, and
scheduled office visits in my clinic.

The next few years were a blur, performing clin-
ical laparoscopic cholecystectomies 3 days per
week while teaching others in the institution how
to perform these operations. Starting first with the
faculty, then chief residents, and ultimately junior
residents, all of the general surgeons and trainees
had to learn this new technique and technology.
Most weekends would be spent teaching at various
hands-on courses around the country, including
many coordinated by the Society of American
Gastrointestinal and  Endoscopic ~ Surgeons
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(SAGES), the only national organization excited
to embrace laparoscopic surgery. | remember stat-
ing to one of our team members that we should be
able to publish several papers about our experi-
ence. Unfortunately, the rapid and largely unregu-
lated adoption of this new and radically different
technology for performing a common operation
led to multiple bile duct injuries over the following
decade. Our group articulated and published the
concept of dissecting to the “critical view of
safety”” to minimize the risk of bile duct injury.

Our group was able to quickly establish a lapa-
roscopic  surgery research laboratory, the
Washington University Institute of Minimally
Invasive Surgery, with both technical and financial
support from industry. Karl Storz, Inc. supplied
the laparoscopic towers and both the US Surgical
Corporation and Ethicon supplied disposable tro-
cars and instrumentation. Multiple surgical resi-
dents worked in this laboratory over the next
decade to help define techniques and refine tech-
nology that would facilitate additional laparo-
scopic operations. Dr. Clayman and his urology
fellows also joined our general surgery team to
work with industry engineers. They developed a
mechanical morcellating device and a bag that
would allow safe tissue morcellation within the
abdominal cavity. As a result of these collaborative
efforts, our team became the first in the world to
perform a laparoscopic nephrectomy, just 6 months
after our initial cholecystectomy.

Several years went by and I moved on to
Northwestern University. Laparoscopic cholecys-
tectomy became the gold standard technique for
removing the gallbladder, and it became clear that
treatment of common bile duct (CBD) stones dis-
covered at the time of cholecystectomy had essen-
tially disappeared from surgeons’ armamentaria.
This evolution occurred despite several small pro-
spective trials showing the single stage approach
to cholecystectomy and CBD exploration was
superior to laparoscopic cholecystectomy with
ERCP and stone removal at a second session. Our
group at Northwestern, led by Drs. Eric Hungness,
B. Fernando Santos, and Ezra Teitelbaum, devel-



Commentary

oped a laparoscopic CBD exploration simulator
and established a mastery curriculum that all
senior residents were mandated to complete.
Critically important, OR nurses from general sur-
gery were then trained, as were the surgeons from
the emergency general surgery service. Subsequent
studies showed the incidence of laparoscopic CBD
exploration to increase significantly at that institu-
tion, and that the clinical cost savings were greater
than the cost of the simulator and training. This
simulation curriculum has subsequently been pre-
sented at several academic institutions and at the
annual Rural Surgeons hands-on course during the
ACS Clinical Congress meeting.

Lessons learned: Not every new technology is
of clinical value, and all should initially be viewed
with healthy skepticism. When introducing a new
clinical technique, great care must be taken to pre-
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pare thoroughly for its early performance to mini-
mize harm to patients. Institutional oversight must
be in place during such an introduction. Training
of established surgeons in new areas of technology
is difficult; systems should be developed to facili-
tate such introduction in a safe fashion. Surgeons
performing laparoscopic cholecystectomy still
need to understand the dissection principles that
will minimize the risk of bile duct injury to their
patients. Surgeons performing laparoscopic chole-
cystectomy should know how to evaluate the CBD
intraoperatively and remove CBD stones when
they are discovered.

Laparoscopy was truly a revolutionary change
in the performance of abdominal surgery; although
some patients unfortunately paid a price for this
advance, many others have reaped the benefits.
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A Personal Glimpse at Bile Duct Injury
During Laparoscopic
Cholecystectomy

Steven M. Strasberg

In 1989, I was an HPB surgeon at the University
of Toronto. I was invited as a consultant to the
annual meeting of SAGES, a young society that
wanted to increase research output by its member-
ship. At the meeting of the research committee in
Louisville, Kentucky, we were engaged in a dis-
cussion on whether it would be possible to do a
cholecystostomy and stone removal using
T-fasteners aided by laparoscopy and fluoroscopy.
The meeting was interrupted by a knock on the
door. A man was let in, introduced himself, and
asked if he could show a video of a laparoscopic
cholecystectomy. He had an accent and the chair-
man of the committee said: “Do you mean a lapa-
roscopic cholecystostomy?” “No.” he replied, “I
mean a laparoscopic cholecystectomy. I submitted
it to the meeting but I missed the deadline and 1
was told to present it to the research committee.”
Laparoscopic cholecystectomy? We were in disbe-
lief. Fifteen minutes later, disbelief was replaced
with the realization that the surgical world had
changed. The man was Jacques Perissat, one of the
early French innovators who at that time had done
17 laparoscopic cholecystectomies.

The race was on. This was a major paradigm
shift and it was a sudden shift. There have been
many advances in laparoscopic surgery since then
but they have been incremental. The advent of lap-
aroscopic cholecystectomy was like canoeing over
a waterfall, and since then we have been continu-
ing down the river. Laparoscopy was for tubal liga-
tion and most general surgeons had never done it.
The instruments were different, the view was dif-
ferent, and you could not touch the tissues.
Personally, I was lucky to be on a surgical program
with Jacques Perissat twice later that year and by
that time his name was well known among general
surgeons. With his coaching and a visit to see
Charlie McSherry, famous for his publications on
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cholecystectomy, do his fifth and sixth laparo-
scopic cholecystectomy in New York City, as well
as performing several laparoscopic cholecystecto-
mies in pigs, we were ready to do our first one in
Canada. As in many operating rooms, the first time
a gallbladder popped out of the small subumbilical
incision the room erupted in cheers. After the first
10, we were ready to teach others. But how to train
hundreds of surgeons safely? A three-step plan
evolved. First, we taught other surgeons in the uni-
versity. Next, a 2-day course was established to
teach community surgeons. The course was run for
2 days, every 2 weeks for 2 years by university
surgeons, the first day being laparoscopic chole-
cystectomy on pigs, and the second, scrubbing as
assistants on three laparoscopic cholecystecto-
mies. We asked surgeons to come in pairs so that
they would be able to assist each other when estab-
lishing the procedure in their hospital. Finally, uni-
versity surgeons traveled out to community
hospitals as coaches when the procedure was being
established. We were also coached by visitors such
as Barry Mckernan from Georgia, who came to
Toronto and encouraged us to be two-handed lapa-
roscopic surgeons.

In a landmark paper, the first large-scale report
on the results of laparoscopic cholecystectomy in
North America was published in the New England
Journal of Medicine in April of 1991 [20]. Five
thousand eighteen patients had been treated in
multiple institutions in the south of the United
States with a conversion rate of under 5%. But
ominously this paper, whose lead author was by
William Meyers of Duke University, reported that
the bile duct injury rate was 0.5%, about five times
higher than reported rates for open cholecystec-
tomy. This was unexpected. It seemed that the bile
duct injury rate dropped to normal after the first 13
procedures. However, soon other reports also indi-
cated that biliary injury was definitely and highly
increased in laparoscopic cholecystectomy. Soon
after, the most common mechanism of major
injury, the so-called classic injury, was described
again by surgeons at Duke University [21]. By late
1992, all of this was consolidated in an NIH con-
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sensus conference on laparoscopic cholecystec-
tomy which concluded that the benefits of
laparoscopic cholecystectomy exceeded its risks,
recognizing that bile duct injury was an ongoing
problem. The proceedings of this conference were
published in a single issue of the American Journal
of Surgery in April 1993. For those interested in
the history of laparoscopic cholecystectomy, the
more than 160 pages of this issue of the journal
have become a historical goldmine.

After arriving at Washington University in Saint
Louis in 1992, I received a steady stream of
patients with bile duct injuries of various types. In
1995, in an analytical review written with Martin
Hertl and Nathaniel Soper, we described a new
classification of biliary injuries which took into
account injuries which seem to be occurring more
frequently in the laparoscopic era [22]. Parts of it
were based on Henri Bismuth’s classification of
benign biliary strictures. Also, it was clear from
the “classic injury” paper that misidentification
was a key factor in major injuries. So, in the same
article we described a method of ductal identifica-
tion whose goal was to avoid misidentification.
The new Critical View of Safety Method was based
on a method of ductal identification in open chole-
cystectomy in which the cystic duct and artery
were putatively identified but not finally identified
until the gallbladder was completely freed from
the liver and was hanging by these two structures
only [22]. When we tried taking the whole gall-
bladder off the cystic plate laparoscopically in this
way, we found it made clipping of the cystic struc-
ture somewhat awkward and by the time the
method was introduced only the lower one-third of
the gallbladder was required to be removed from
the cystic plate.

With the description of this method, we naively
thought that the incidence of biliary injuries would
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drop considerably. But 5 years later, by reading
operative notes of biliary injuries we realized that
misidentification was alive and well by virtue of
the continued use of the infundibular view method
of ductal identification. This method, which
depends on identification of the funnel shaped
junction of the cystic duct with the lower end of the
gallbladder, was identified as being unreliable in
the face of severe inflammation because, with
retractile inflammation of the hepatocystic triangle,
the junction of the common bile duct with the
inflammatory mass takes on a deceptive funnel-
shape [23].

Hans Kehr, the subject of this book, was the
first surgeon to describe subtotal cholecystectomy
as a bailout procedure in badly inflamed gallblad-
ders in 1898. Bile duct injuries are much more
common in the face of severe inflammation, both
acute and chronic, as shown convincingly in stud-
ies by Bjorn Tornqvist [24] REF and Ewen
Griffiths [25] and their colleagues. One hundred
twenty years after Kehr first described the opera-
tion, subtotal fenestrating cholecystectomy is
becoming the bailout procedure of choice when
local conditions do not allow achievement of the
Critical View of Safety [26].

The recently published Consensus Conference
on Safe Cholecystectomy led by Michael Brunt of
Washington University was focused on avoidance
of bile duct injury and is required reading for those
interested in the subject. A glimpse of the future
can be seen in recent reports of the potential role
for artificial intelligence in cholecystectomy [27].
I feel certain that in the future, robots will become
adept at anatomic identification, possibly a step on
the way to autorobotic surgery.

This has been a brief subjective overview of a
complex subject.
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My “Rebirth” as a “Laparoscopic”
Surgeon: And What that Means
for Surgeons Today

Lee Swanstrém

I finished my surgical residency in 1988. I had a
year to kill before my Fellowship in surgical
endoscopy at University of Western Ontario
started, so I was looking for opportunities. I had
been invited to join a premier surgical practice at
our community based tertiary care hospital. I had
taken this position because this group was the larg-
est tertiary referral for complex foregut patholo-
gies in the state—and this was my main interest.
They strongly urged me to obtain further training
in flexible endoscopy which is what led me to
apply to one of the few institutions that would train
surgeons in advanced procedures like ERCP.
Unfortunately, I was only accepted for the follow-
ing year so, as I said, I had a year to kill. Having
done part of my undergraduate training in France,
and speaking French, I had subscribed to some
French surgical newsletters in order to practice my
French. These newsletters were filled with contro-
versy in the summer of 1988 over the presentations
of Messieurs Mouret, Perrisat, and Dubois on a
new procedure: “Cholécystectomie par celios-
copie.” These reports were mostly negative, even
condescending, and therefore, were all the more
interesting to me. Anyway, to make a long story
short, I ended up traveling to Paris in early 1989,
watching Frangois Dubois perform these cases in
his lab(!) and then traveling to Tutlingen, Germany,
by train to buy in person, a set of Storz GYN lapa-
roscopy instruments—as instrument orders by tra-
ditional channels were already 2 years in backorder
as a result of the gold rush to this new procedure.
Amazing to think that in this era, the biggest bot-
tleneck to adoption of a radical new procedure was
not federal regulations, was not reimbursement
issues, was not documentation of training or com-
petence—it was purely that there were not enough
laparoscopic tools to satisfy the demand. The
instruments I bought (cash!) were in a special suit-

159

case, black with foam cutouts for each instrument.
Traveling back to the United States, I kept it with
me and it traveled in the overhead bin on the
plane—if you can imagine today!

This story is certainly not unique, there was a
generation of us at the time, old and young, who
scrambled to learn “Lap chole.” For me and many
others, it was not so much a desire to learn laparos-
copy, or to do a better (safer? cheaper?) cholecys-
tectomy, it was the excitement of a paradigm shift
in how we treated patients. The concept of not
damaging or hurting a patient in pursuit of their
surgical cure was as alien as it was exciting for
those of us looking for a radical change in the sur-
gical world. It was pivotal in the sense that it
empowered patients and put their concerns at the
forefront of treatment decisions and the future evo-
lution of surgery—both procedure wise and for
technology development. I believe the fact that it
was cholecystectomy initiating this particular piv-
otal moment in the history of surgery was impor-
tant. Because the procedure was so common, and
so well defined—at least since the time of Hans
Kehr—Iled to a frustrated desire to make it better
(e.g., electro-shock wave lithotripsy (ESWL),
ursodiol, mini-lap chole) but it also created an
opportunity to force an attitude shift in the whole
of general surgery. Performing cholecystectomies
was an absolute necessity for a general surgeon of
the day. If a better way happened, and patients
demanded it, all surgeons had to adopt it—or
retire. I am convinced that if it would have been
another disruptive minimally invasive treatment
that happened, such as trans-arterial valve replace-
ment (TAVR) for example, the impact would not
have been as systemic. This is perhaps simply
because the case numbers are fewer and the major-
ity of surgeons could have sneaked by without
learning, letting others shoulder the risk of a new
procedure and do it, without impacting their
practices.

So, lap chole represented a seismic shift in the
way surgery was thought of world wide. After the
tumultuous decade of lap chole introduction that
followed, where there was a mad stampede of gen-
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eral surgeons to learn laparoscopy, where “new”
surgical societies (SAGES) rose in prominence
and where industry re-tooled to make a new gen-
eration of instrumentation, “minimally invasive”
became an almost mandatory adjective to describe
any new surgical approach, or one’s practice spe-
cialty, or how we approached patients when dis-
cussing surgery [28]. Likewise, industry made this
their new benchmark for product development—if
it was not less invasive, there was no interest [29].
This all took place way before the consideration of
“evidence based” practice, and it was decades
before there was first degree evidence supporting
laparoscopic over open cholecystectomy, and even
with early and persisting reports of common duct
injuries being widely available patients uniformly
refused to accept an open cholecystectomy over a
minimally invasive alternative [30].

I said that it was not so much the laparoscopy
that was the significant change, but the concern for
the patient impact. This was made apparent when
10 years after the laparoscopic tsunami, a proposal
for an even less invasive approach compared to
laparoscopy was advocated, by many of us who
had in fact participated in the dawn of lap chole.
This of course was the natural orifice translumenal
surgery (NOTES) phenomenon, a concept advo-
cating totally incisionless and potentially pain free
surgery by using flexible endoscopy and natural
orifice access [31] Once again cholecystectomy
was picked as a target, possibly because the origi-
nators of the concept were hoping to once again
force a generational paradigm shift as had hap-
pened in laparoscopy. Perhaps this was in fact a
little too intentional and forced, as in the end it
never really panned out. I think surgeons at the
time, nervously watched for the reactions of their
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patient to this concept and thus created a demand
for more evidence, and when it turned out that
patients were rather blasé, the surgical community,
exhausted by more than a decade of disruption,
endless reeducation, learning curves, etc., breathed
a sigh of relief and went about their minimally
invasive business as normal [32]. There was also
the fact that industry was newly restrained by the
FDA and other regulatory agencies from giving
surgeons access to “weapons of mass destruction”
without thorough vetting and training to prevent
the bad outcomes seen in the early days of lap
chole. Finally, there was also the fact that NOTES
was technically many times more difficult to learn
and almost impossible to practice as safely as even
laparoscopic cholecystectomy [33]. Anyway,
NOTES did not happen for cholecystectomy,
though it subsequently has happened for other pro-
cedures like rectal resection and achalasia treat-
ments [34].

So, today we are still waiting for the next great
paradigm shift in surgical patient care. It is hard to
say if it will again focus on cholecystectomy or
not, though it remains a good candidate as it is
moderately complex, mildly dangerous to patients,
very common and therefore a critical component
of most surgeon’s practices. What it will look like
is hard to say, maybe robotics, although the current
state of robotic laparoscopic cholecystectomy
probably does not qualify, as it is really only about
the surgeon and not about the patient. Maybe
Artificial Intelligence (AI) in surgical decision
making? Maybe augmented imaging? Maybe real-
ization of the dream of George Berci and others to
eliminate common duct injuries. Maybe even the
old NOTES dream of incisionless surgery.
Wouldn’t that be exciting?
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Technology Advance in Surgery
in Both Worlds: Long-Term Personal
Overview

Tehemton Erach Udwadia

Since the dawn of surgery there have been only
three really genuine patient-friendly Revolutions:
Anesthesia which relieved the patient of the physi-
cal, emotional, and mental torture of pain and suf-
fering during surgery, Asepsis which has greatly
reduced the high morbidity and mortality of post-
operative infection, Minimal Access Surgery
which has reduced pain, hospitalization, cost,
medication, scarring, and most important permit-
ted early return to home, family, work.

In 1972, my Ward at the J.J. Hospital Bombay, a
Charity Teaching Hospital, with an allotted bed
strength of 20 patients, had at any one time, 50 to
70 patients in the Ward, on the beds, on mattresses
between beds, under the beds, in the corridor all
the way to the washroom, in the main corridor all
the way to the elevator. Having a tertiary care GI
and HPB Unit in addition to a General Surgery
Unit, the backlog was heavy because of constant
referrals. The overburdened infrastructure had just
no investigative facilities available, hence the
backlog. When I saw a gynecologist colleague do
a laparoscopy, I realized that laparoscopy was the
answer to improve both investigation and bed turn-
over. The laparoscope was brought in 1972 for sur-
gical use for the first time in India and the
developing world, not as a tribute to technology
advance, but merely as a diagnostic tool to help
early diagnosis in an impoverished Teaching
Hospital for the poor. In addition to visual diagno-
sis, it provided a guided biopsy diagnosis. Few
years later, a paper was presented on Early
Experience of Diagnostic Laparoscopy in Surgery
at the First International Conference on Tropical
Surgery in Mumbai. At the end of the presentation,
the Chairman declared that he was not a coward,
he entered the abdomen through wide open doors,
not like this sissy who peeps through the keyholes

of my doors, to the laughter and applause of the
audience. That was a bugle call to action.

I researched the literature and found confidence
that two other surgeons, George Berci and Alfred
Cuschieri were committed to the value of Diagnostic
Laparoscopy. I found surgeons in small towns and
rural areas were far more receptive. They often
lacked x-rays but thanks to the strong family plan-
ning program in India in the mid-1970s, some
already had laparoscopes. They just had to reverse
the table tilt and look toward the diaphragm and
they were in a better position for early diagnosis
than their city colleagues. Traveling extensively
over small town and rural India to promote diag-
nostic laparoscopy, I was humbled to see the quali-
ties of strength, character, innovation, improvisation,
and total dedication of the small-town surgeon in
India who at personal sacrifice were giving relief to
over 70% of the country’s population [35]. This
travel also helped make friends and prepare fertile
ground for the laparoscopic cholecystectomy ava-
lanche that was to follow.

When the first laparoscopic cholecystectomy
was done in the developing world in 1990 by the
Surgical Team of Ward 19A, J. J. Hospital, we
were immediately drowned in criticism. British
surgeons wrote in Indian Journals that sophisti-
cated surgery was inappropriate and had no place
in the developing world [36]. Indian Surgeons
wrote in British Journals questioning our ethics,
morality, and suggesting that we were stooges of
the West [37]. I replied that the poor had as much
right to less expense, less pain, and short hospital
stay with the great economic benefit to daily wages
manual laborers of the developing world of early
return to work and earning. MAS had its ultimate
advantage and benefit for and in the developing
world.

Technology advance in High Income Countries
is growing at an incredible pace, altering the prac-
tice of surgery. This may have its downside in
patient care. In time, if not now, it could happen
that a Laparoscopic Surgeon may be forced, to
ensure safety, by converting to open cholecystec-
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tomy. To do a nasty open cholecystectomy with no
prior experience of open cholecystectomy could
necessitate the urgent services of a Hepato-Biliary
Surgeon.

When we discuss the Introduction of New
Technology into developing countries there are
two surgeries in developing countries: the surgery
done in large five star hospitals in the cities which
can be comparable to the best in the world and sur-
gery done in small town and rural areas. In this
second level of surgery, the Introduction of
Technology is greatly facilitated by one often
unrecognized factor. The steel of the small town
and rural surgeon has been forged in the furnace of
deprivation, necessity, want, and has matured with
ingenuity, innovation, and a determination to do
better. Further they have a bond with their patients
which ensure a certain degree of safety. This sur-
geon can adapt to any technology if given the
opportunity because this surgeon is a master in the
ultimate super-specialty—General Surgery. They
can trephine for an extradural bleed, do a Caesarean
section for obstructed labor, and manage a poly-
trauma. The opportunity they need for the intro-
duction of new technology has only two aspects,
cost and training.

Cost: Every piece of equipment used in the pur-
suit of new technology in a developing country
MUST be REUSABLE. The major cost of Minimal
Access Surgery is the optics. One can only operate
on what one sees. The cost of the camera and the
telescope 1s often reduced by like-minded sur-
geons forming a group to purchase one set. All the
other equipment, light source, insufflator, and all
hand instruments are locally manufactured in most
developing countries with acceptable quality and
affordable cost. As important as initial cost is
instrument care, which is always far better when
the surgeon has paid for the equipment, than when
the hospital has. One set of diagnostic laparoscopy
equipment can last over 18 years for over 3000
patients [38]. Equally important for cost contain-
ment for the patient is to ensure complication—
free surgery. Every complication adds to the cost
of surgery.
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Training: Simple training equipment, very often
self-made, can be just as effective as virtual reality
and state of the Art Training Center. Training
requires patience, persistence, precision, and prac-
tice. Practice does not make perfect; precise per-
fect practice makes perfect. National minimal
access surgery associations like the Indian
Association of Gastrointestinal Endo-Surgeons
(IAGES) can play a great role in introducing MAS,
imparting sustained training courses, credential-
ing, proctoring, and ensuring cost containment as
seen in countries like Brazil or India. Safety is
equally an issue in every country, worldwide.
Safety is not only technologically driven; it is sur-
geon dependent. An essential part of training and
mentorship is to make the trainees aware of their
limitations, never to exceed them and to put the
devil of hubris behind them. In small towns and
rural areas, the patient is not a number on the oper-
ation list, and every patient is a part of the sur-
geon’s extended family. Safety is intuitive and
imperative. IAGES holds courses in small towns
all over the country in basic laparoscopic surgery
as also in specific procedures like hernia. Distance
learning and mentoring are playing a progressive
role in maintaining vigil on standards of profi-
ciency, safety, and basic training in developing
countries.

The only truth in surgery is change. New tech-
nology for surgical advance will always flow;
much will replace the old. We are at a time when
each surgeon must view new technology prag-
matically and dispassionately without succumb-
ing to hype, or jumping on the bandwagon. Every
surgeon must decide if new surgical technology
is not true surgical progress, is more for the ben-
efit of the manufacturer, or is this technology
truly real surgical progress for the surgeon and
the patient. I for one would never permit my gall-
bladder to be removed through a rent in my rec-
tum, nor with the use of a robot. I have for
decades maintained that for technology to be
applicable to the developing world it must con-
firm to the five A test: Affordable, Available,
Accessible, Acceptable, and Appropriate.
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We believe that surgeons are an international
community. How many of us really do look beyond
our own hospital, city, country? We look forward
to mini-robots measuring nanometers, smaller
than an atom, as new technology. Were we to study
the Lancet Commission on Global Surgery [39],

we would realize that aid available for repair of a
strangulated hernia, for a Caesarian section for
obstructed labor, or for a compound fracture would
be new technology for five billion people who
have little access to safe, affordable, and available
surgery.
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the Laparoscopic Cholecystectomy
Revolution 1989-1992

Sherry M. Wren

1989—I will never forget the initial reaction to
laparoscopic cholecystectomy by the senior aca-
demic surgeons at Yale. I was a third-year resident
and listened intently to attendings debating the
lack of merit of this new approach with comments
such as “I would not do that to my dog,” “it’s mal-
practice,” and “what is wrong with the mini-
cholecystectomies we are already doing—that’s
less invasive surgery.” These comments were said
with an authority and a finality that did not encour-
age open discussion. Shortly, there was a change in
attitude and interest as three things happened.
First, private practice surgeons in the community
rapidly adopted and marketed the new technique;
second, junior attendings saw an opportunity and
wanted to innovate and change practice; and third,
patients increasingly desired this new procedure
and there was a need to stay competitive in the
marketplace. With a change of heart senior sur-
geons then decided to learn the procedure. I
remember watching the initial cases and later real-
ized I saw the first surgical revolution of my career.
It was exciting, I did not pause to think that week-
end courses on pigs may not be a great training
paradigm and how patients were basically provid-
ing the real learning platform for this revolution
and that they had to pay the price for this haphaz-
ard education model.

I left clinical residency training for my research
time and returned to a changed world as a PGY
4 in 1992. Attending surgeons were still “learn-
ers,” and laparoscopic cholecystectomy had irre-
versibly changed the landscape of surgery forever.
The number of cholecystectomies being performed
in the United States had inexplicably and exponen-
tially increased. In Connecticut there was an
increase of 29% of cholecystectomies being per-
formed laparoscopically between 1990 and 1991
[40]. Nationwide, by 1992 there was an astound-
ing near doubling of the rate of cholecystectomy in
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claims data from 1.35 per 1000 enrollees in 1988
to 2.15 in 1992 [41]. There was significant specu-
lation as to the reasons for this increase in volume
but no definitive data was ever published. With this
increase in volume there were now reports of new
and unheard-of complications such as major vas-
cular injury, intestinal injuries from laparoscopic
access, as well as significant increases in bile duct
injury (BDI). In 1989 the overall mortality for
open cholecystectomy was 0.17% with a BDI rate
of 0.2% [42]. By 1992, there was a reported inci-
dence of 0.59% BDI, 0.25% vascular injury, and
0.14% intestinal injuries [43]. Even though Dr.
Berci described intraoperative fluorocholangiogra-
phy in 1978 this was not commonly being taught
or practiced [44]. Despite data showing IOC could
lower the risk of BDI, only 21.5% of surgeons
reported performing routine intraoperative cholan-
giogram (I0C) in >75% of their laparoscopic cho-
lecystectomies [45]. 1 left residency in 1994
believing that I had been well trained in the perfor-
mance of laparoscopic cholecystectomy. At that
time, I had never done an IOC, soon this was about
to change after moving to Los Angeles to start a
hepatobiliary (HPB) fellowship.

LA County USC Medical Center is located in
East Los Angeles with a primarily Hispanic local
community population resulting in an incredible
volume of gallbladder disease. Patients often
waited significant amounts of time and had multi-
ple episodes of cholecystitis before undergoing
surgery and therefore often had “difficult gallblad-
ders.” Six months into my fellowship I discharged
a patient after a routine cholecystectomy and later
had to readmit him with bile peritonitis due to my
first and only BDI. I was horrified to discover he
did not have a cystic duct leak but the classic injury
pattern of excision of a piece of common bile duct,
clipped distal duct, and fortunately no vascular
injury. I reoperated and repaired the injury with a
hepaticojejunostomy and the patient recovered
without any further sequelae. I could not under-
stand how I injured the duct and replayed the oper-
ation endlessly through my head which offered no
insight into how I could have made such a serious
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error. I was not aware at the time of the work by
Way et al. demonstrating that this is often an error
of misperception as opposed to skill, knowledge,
or judgment [46]. Fortunately, at this time I was
introduced to Dr. George Berci who was visiting
from across town in Los Angeles. Dr. Berci was
passionate about safe cholecystectomy technique
and I began to understand the procedure in a way |
had not previously and soon became a routine
cholangiographer for all cases. I never wanted to
repeat the error I had made and realized that a
properly done IOC added a degree of safety to
what was dismissed as a routine, simple operation.
When I completed fellowship and joined the fac-
ulty in 1995 this chance meeting with a cross-town
expert had set the stage for a longstanding rela-
tionship with Dr. Berci and dedication to improv-
ing the safety of cholecystectomy through teaching
fluorocholangiography, laparoscopic common bile
duct operations, and always searching for opportu-
nities for procedure and safety improvement.

An additional invaluable lesson from those
years spent as a trainee during the MIS revolution
was how innovation and technology advances will
occur in your surgical career and you must evalu-
ate each advance and decide whether to embrace
the change or not. Seeing first-hand what happened
to surgeons who refused to learn laparoscopy and
then were quickly left behind and obsolete, left an
indelible impression on me. As faculty, I advanced
my practice in minimally invasive surgery as an
early adopter for other GI conditions and fully
adopted laparoscopy for intestinal cancer resec-
tions from 1997 onwards. Soon more disruptive
technologies were being innovated and by 2005 it
was obvious that surgical robotics and natural ori-
fice translumenal endoluminal surgery (NOTES)
were innovations I needed to evaluate and decide
whether I was going to acquire. The time and effort
necessary to learn a new operative technique or
platform should not be underestimated; there is a
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significant amount of preparation, reading, prac-
tice, and slower OR times as you learn and practice
the new technique. The specter of the informal
education process and unregulated wide adoption
of laparoscopic cholecystectomy colored my
future procedural adoption and expectations for
education about the new techniques. After much
consideration I decided that robotics was going to
be the area of investment of my time and effort and
I would not embark on a learning journey with
NOTES. At the time I worried whether I was mak-
ing the correct decision. There was a lot of press
and I did not want to be like the recalcitrant sur-
geons who spurned laparoscopy. Fortunately, my
decision to choose robotics was the correct one
and has brought significant professional growth.
The current organized robotic educational training
program with simulators, online education mod-
ules, and dry and wet labs demonstrates the incred-
ible journey from laparoscopic cholecystectomy
training in 1989 via weekend courses prior to
doing a first case. Education is now firmly embed-
ded in many new technologies from robotics to
endovascular procedures primarily because of the
legacy of the haphazard training for laparoscopic
cholecystectomy. Fortunately, surgeons and surgi-
cal societies learned the lessons from those early
days of laparoscopic cholecystectomy wherein a
dramatic change in the practice of surgery occurs
but with no organized means by which to adopt,
teach, and evaluate the technological advance.
Laparoscopic cholecystectomy remains the best
example of what can happen when a technological
advance causes a seismic shift in how things are
done and the myriad positive and negative ripple
effects downstream. We continue to reflect and
learn from this experience and try to not repeat
many of the mistakes unknowingly made during
that time.
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Recommendations for the Future
of Surgical Treatment of Biliary Stone
Disease

Disease is very old and nothing about it has changed.
It is we who change as we learn what was formerly
imperceptible. —Charcot

There were several reasons to begin this mono-
graph with a translation of Dr. Kehr’s book on bili-
ary surgery: (a) he recommended over a century ago
the importance of training surgeons; (b) he espoused
the importance of teaching anatomy and displaying
the arterial and biliary systems in color; (c) he advo-
cated the diagnosis and removal of common duct
stones during the same operative session.

Three decades ago, the introduction of laparo-
scopic cholecystectomy (LC) opened a new chapter
in biliary surgery. What did we learn during the past
three decades regarding laparoscopic surgery and
the management of bile duct stones? We should
have learned that the basic principles espoused by
Hans Kehr have not really changed in the transition
from an open to a minimally invasive approach for
gallbladder removal and clearance of stones from
the extrahepatic bile ducts. The disruptive introduc-
tion of new technology forced all surgeons who per-
formed cholecystectomy and traditional approaches
to choledocholithiasis to either embrace laparo-
scopic approaches or risk being excluded from tak-
ing care of a significant portion of their patient base.
The financial implications of eschewing this new
technology would be potentially enormous. The
fear of working through long instruments inside the
abdomen rather than having hands proximate to the
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operative anatomy was potentially daunting. The
approaches to teaching this new technology to both
mature surgeons and surgical trainees were intimi-
dating to the most seasoned academic attending sur-
geon. Despite all of this, the introduction of
laparoscopic cholecystectomy could not be assuaged
because patients demanded it.

Training Courses

The laparoscopic approach required a completely
new surgical training paradigm and way of think-
ing. Traditional academic teaching programs were
slow to embrace the importance of this new tech-
nique. Most professional surgical societies were
equally languid in assuming leadership especially
in controlling the introduction of this new way of
operating. Only a few surgeons in the private sec-
tor embraced the technology and saw the potential
of this new operative approach. These surgeons
began to work with the small group of instrument
and scope manufacturers who also realized the
potential market. The overall concept was that
promulgation of laparoscopic surgery could not be
controlled through traditional training or the appli-
cation of clinical trials to assess safety and effi-
cacy. The horse was out of the barn!

Thankfully, one very young, but visionary, sur-
gical organization, SAGES, created well-designed
teaching courses that were offered in various cities
during the weekend to allow practicing surgeons to
at least gain technical familiarity through operat-
ing on animal models. These courses were
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supported by instrument companies and featured
mentoring surgeons who had become familiar with
these techniques only recently at their home insti-
tutions. Certifications were generated to document
these weekend experiences so that individual sur-
geons could have something to satisfy the primi-
tive credentialing and privileging guidelines at
their own hospitals. Of course, the number of sur-
geons requiring courses far exceeded the few,
well-developed opportunities for training that were
available. Following these hands-on experiences
and despite recommendations for laparoscopic
surgical neophytes to work with a monitor at their
own institution, many decided to immediately
transition to operating upon waiting patients.

Consequently, over the next few years the com-
plications resulting from laparoscopic cholecystec-
tomy including bile duct injury (BDI) increased
significantly and were associated with mortality.
SAGES produced information, policies, guidelines,
and instructions to improve the existing conditions.
SAGES also initiated a number of educational
courses, publications, and a multi-institutional
report to describe the various areas of analysis and
improvements. It was recognized early in the lapa-
roscopic revolution that procedures and resultant
complications were being underreported due to a
lack of well-structured outcomes registries. As
compared with the experience in the United States,
other countries (e.g., Sweden) with a centralized
recording system were able to report more accurate
data. The major issue was that we did not insist or
create in a timely fashion a national recording sys-
tem to track operative results. This issue was ame-
liorated as newer operations involving laparoscopic
approaches were introduced.

Intraoperative Cholangiography,
Anatomy, Bile Leakage, and Stone
Identification

The introduction of well-performed intraopera-
tive cholangiography (IOC) was crucial to dis-
play the anatomy at the initial operation and to
demonstrate anatomical anomalies or ductal
injury that would benefit from immediate repair.
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The hard lesson, however, was that many sur-
geons who recognized ductal injuries were not
skilled enough to repair them. Delayed realiza-
tion of injuries, especially without performance
of I0C, became common and required patients
to be transferred to academic biliary services for
ultimate repair. This phenomenon of patient
referral from the index hospital after BDI served
further to confound obtaining adequate statistics
on the true incidence of ductal injury.

Unfortunately, the use of IOC has continued to
wane over the last 30 years. Early advocates for
IOC have diminished especially in academic
training programs where future surgeons should
be trained in this procedure. This is especially
notable since laparoscopic cholecystectomy is
the most common procedure performed by surgi-
cal residents in the last several years [1]. For
graduating surgical residents in 2018, laparo-
scopic cholecystectomy accounted for 11.2% of
their operative cases (100 laparoscopic cholecys-
tectomies throughout residency). Regarding the
use of IOC in training programs, there has not
been appropriate coding in resident case logs
developed by the Accreditation Council on
Graduate Medical Education (ACGME) to dis-
cern the true numbers of IOCs performed during
residency training [1]. Unless IOC is supported
and taught in surgical residency programs, this
will be a lost skill, especially in the interpretation
of an IOC by the surgeon.

Regarding common duct stones, an incidence of
10% of stones located outside the gallbladder has
been well documented over many decades. If more
than 700,000 cholecystectomies are performed each
year in the United States annually, this translates to
over 70,000 patients having CBD stones per annum.
Before the laparoscopic era, well-trained surgeons
successfully completed CBD stone removal in the
first operative session and excellent results were
published supporting this operative strategy. Despite
surgical disciples who advocated for synchronous
CBD stone management at the time of laparoscopic
cholecystectomy, this surgical dictum has been vir-
tually ignored in most clinical practices and training
programs. The diminished use of the IOC has led to
the increased incidence of retained ductal stones
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found after the index cholecystectomy. The avoid-
ance of performing IOC and consequent reduction
in surgical skill in managing ductal stones has been
the result. Consequently, the reliance on endoscopic
retrograde cholangiography (ERC) and sphincter-
otomy performed by gastroenterologists has been
the result. This procedure has resulted in its own list
of complications including perforation and bleeding
(0.1-0.2%), and pancreatitis (5%). An additional
consequence has been a loss of skill by younger sur-
geons in exploration of the common duct, extraction
of stones and placement of T-tubes. Even in the sce-
nario where an 10C is performed and the surgeon
correctly interprets that CBD stones remain, these
patients are often sent to nonsurgical colleagues for
stone extraction in the postoperative period.

The lack of performance of IOC and avoidance
of surgical management of identified CBD stones
found at the time of laparoscopic cholecystectomy
has not been lost on recent thought leaders. While
it is vital that those surgeons currently performing
biliary surgery embrace the principles of IOC and
stone management, it is even more crucial that
these principles be taught in the academic training
programs where the future generations of surgeons
are produced. These training programs must iden-
tify surgical champions who will be responsible
for creation of a “Biliary Surgical Tract” in exist-
ing training programs in order to have trainees
understand the importance of complete biliary
stone management and to have the skill set neces-
sary for the safe and complete surgical treatment
of biliary stone disease.

It is also time to consider some significant
improvements in patient care in order to decrease
BDI and to enhance surgical removal of CBD
stones during one operative setting.

The following recommendations would not
interfere with existing training:

1. Introduction of strategies into the existing
5-year surgical residency training to enhance
intraoperative visualization of the biliary sys-
tem and CBD stone removal

2. Identify a subset of resident training programs
that would incorporate these strategies into the
5-year curriculum
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3. Encourage academic training programs to recruit
faculty committed to teaching these strategies

4. Encourage use of the choledochoscope for
removal of CBD stones under visual control at
the time of LC

5. Mandate adequate record keeping and coding to
document experience by trainees in the use of
IOC and CBD stone extraction

What have we learned from our delving into his-
tory and the assessment of recent approaches to
surgical management of biliary stone disease?
These principles have taught us that we are con-
stantly experiencing other examples of technologi-
cal progress not only in surgical disciplines, but in
all of health care. These newer and potentially dis-
ruptive technologies will need a measured and
realistic evaluation before launching on the public.
If we have learned anything, it is not to replicate a
number of missteps experienced over the last
30 years in the introduction of laparoscopic surgi-
cal procedures. We will need a well thought-out
structure that embraces the academic training pro-
grams for the evaluation of efficacy and safety and
for the training of young surgeons in new tech-
niques. The recent introduction of robotics into the
surgical armamentarium requires this approach.

One does not have to be an economic expert to
predict future changes in the healthcare system.
Creation of new healthcare models is difficult and
the path is strewn with failed examples [2]. There
are already existing signs of future changes inher-
ited from the past three decades which have only
been heightened by the coronavirus pandemic of
2020. It 1s obvious that our capital investments for
new costly procedures, complex instruments or
technological outlays will be significantly scruti-
nized due to a decrease in the general health bud-
get. We have to be realistic as we face a lower
available health budget in the coming years;
despite economic challenges, we must be vigilant
in assuring safe outcomes for surgical patients.

One common misconception is that surgeons
actually receive the amount of money billed for a
surgical procedure! Patients have not realized that
the reimbursement for a laparoscopic cholecystec-
tomy may actually be one-third or less of the
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amount actually appearing in the billing statement.
It 1s also a fact that a surgeon who is willing to
perform an IOC during a cholecystectomy will
probably not receive any significant additional
reimbursement for adding this supplementary
safety-related procedure.

Unlike hospital and operating room billing,
additional time spent in the operating room by the
operating surgeon is generally not a factor in surgi-
cal reimbursement. This additional time spent
might actually be viewed as a negative when
assigning surgeons to block time or positive incen-
tives in ambulatory surgical centers or hospital
operating suites. The incentive for attacking stones
in the CBD is virtually nonexistent except for the
satisfaction that a small fraction of surgeons
derives from performing complete clearance of
stones at one sitting. Even during times when a
pandemic is affecting all healthcare sectors, move-
ment has occurred to further reduce reimburse-
ment for surgeons who participate in the federal
programs of Medicare and Medicaid. Surgeons,
like other humans, may need external incentives to
achieve benchmarks. It would be ideal if internal
incentives alone were a driving force.

Conclusion

Three decades ago, a completely new strategy was
introduced for managing biliary stone disease.
Decades later, it is obvious that the complications
of BDI and retained CBD stones remain a signifi-
cant problem. Why has this occurred? It occurred
because important safeguards (IOC) were by-
passed and that LC was separated from the CBD
stone removal process. With improved strategies
and incorporation of existing technology, mortal-
ity and morbidity can be decreased and difficult
and painful postoperative complications (e.g.,
multiple operations) avoided.

Considering the last three decades of experience
with laparoscopic surgery, it is illogical to believe
that the current strategies followed by seasoned
surgeons can be altered. Despite structured con-
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tinuing medical education offerings by a multitude
of professional organizations and academic cen-
ters, there has been movement away from the prin-
ciples championed by Hans Kehr and others
regarding management of biliary surgery and
especially associated stones. Although there has
been the development of hepatic and pancreatic
(HPB) fellowships over the last several decades,
the inclusion of training in laparoscopic gallblad-
der management has generally been left to the pur-
view of surgeons not trained in HPB fellowships.
More recently, “acute care” surgeons dedicated
primarily to trauma management have been serv-
ing as attendings in academic training programs. If
surgeons of the future are to have the will and skill
to manage all aspects of gallbladder and stone dis-
ease, there must be mentors in academic centers
who inculcate sound principles into their trainees.
Since a surgical resident’s most common operative
experience is currently represented by laparo-
scopic cholecystectomy the same principles of
HPB fellowship training could be woven into the
general surgical training years. Through the efforts
of groups such as the Safe Cholecystectomy Task
Force, formed by SAGES in 2014, and the multi-
disciplinary group spawned from it, creating a
consensus conference in 2018 and defined pub-
lished recommendations in 2020 [3], solid propos-
als to enhance laparoscopic cholecystectomy have
evolved. The ultimate goal now is to create pro-
grams to develop well-trained and complete bili-
ary surgeons of the future. Deciding how best to
move these proposals forward is a goal for us all.
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Correction to: No Stones Left Unturned

Correction to: G. Berci, F. L. Greene, No Stones Left Unturned,
https://doi.org/10.1007/978-3-030-76845-4

The below listed changes have been made in the corrected version of the book.

1. The frontispiece on the title page has been placed below the book title.

2. Affiliation for Dr. Bruce Gewertz has been updated in the front matter.

3. Chapter author’s names had been missed out in chapters 14 and 17.
Dr. J. Andrew Hamlin has been included as the author for chapter 14 and Professor Alfred Cuschieri has been included
as the author for chapter 17.

4. On page 62, Chapter 8: The photographs of the early surgeons have been positioned in portrait position.

5. On page 80, Chapter 13: The photographs of the laparoscopic surgeons have been positioned in portrait position.

The updated online versions of the chapters can be found at
https://doi.org/10.1007/978-3-030-76845-4
https://doi.org/10.1007/978-3-030-76845-4_8
https://doi.org/10.1007/978-3-030-76845-4_13
https://doi.org/10.1007/978-3-030-76845-4_14
https://doi.org/10.1007/978-3-030-76845-4_17
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