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DeWitt and Van Dam

The Diamond Anniversary of Gastroenterology provides an opportunity to look back at the key
publications that led to the discovery of previously elusive digestive diseases, their pathogenesis and the
development of specific targeted therapies. We have come to think of these landmark studies as being
focused on the biochemical, pharmacological and molecular disciplines, and rightly so. But the journal
also led the way in publishing the seminal work in the physics and engineering domains as well as the
clinical trials that led to, and in many instances validated, the endoscopic tools that have become an

essential part of our practice today.

Flexible Fiber Optic Endoscopy, Video Endoscopy

Flexible endoscopy wasn’t introduced to our practices until the 1970s. In 1977, Bohlman et al.,
compared the flexible 60-cm fiber optic sigmoidoscope with the then standard rigid sigmoidoscope and
reported the superiority of the flexible instrument.(1) The results of the flexible and rigid devices were
compared in over 100 patients. The use of the flexible instrument was three times more likely to detect
a pathologically significant lesion (39 percent versus 13 percent). None of the subjects were given
sedation or analgesia for their examination, consistent with standard practice at the time. And while the
flexible instrument was inserted on average nearly three times further (55cm versus 20cm), more
patients preferred the flexible device. The increased yield in the setting of improved patient acceptance

helped open to the door for flexible endoscopy.

The theoretical pathogenesis of gastroesophageal reflux disease (GERD) was elucidated in large part
with the introduction of both endoscopic and basic laboratory technologies (pH measuring devices).
Jacob et al., used fiber optic laryngoscopy and dual-site ambulatory pH recordings to assess patients
with symptomatic reflux in a randomized controlled clinical trial.(2) The investigators discovered that
endoscopic findings of inflammation and proximal acid exposure were significantly increased in patients
with symptoms versus controls. This study demonstrated how the use of advanced technologies could
help understand a disease process thus leading to the development of effective management strategies.
As important as the diagnostic role of flexible endoscopy, is its potential for managing both simple and
complex gastrointestinal disorders. In the 1980s, it was reported that 1500 people died annually from
ingested foreign bodies of the upper digestive tract. William Webb’s comprehensive review of managing

such foreign bodies included the role of flexible endoscopy and a cost effectiveness analysis.(3)
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The move from fiber optic endoscopes to charge-coupled devices (CCD) also known as “electronic” or
“video” endoscopes was a significant development in the evolution of endoscopy. However, it was not
met with universal acceptance. The fiber optic image was considered “pure” in that there was no
manipulation of the image’s color or resolution. The concern regarding the introduction of the CCD was
that an electronic device could introduce artifacts that would interfere with (degrade or enhance) the
image in a manner that would affect the clinical outcome of an examination. In 1989, Knyrim published
the results of a comprehensive bench study comparing a number of manufacturer’s electronic
endoscopes with fiber optic endoscopes demonstrating the comparability of images and thus helping to

resolve the issue.(4)

Throughout the years, the journal established itself as an authoritative source for colorectal cancer
screening guidelines. An example is the well-cited consensus guidelines by Rex et al.(5) In this particular
iteration, the guidelines represent a consensus by the American Cancer Society and the US Multi-Society
Task Force on Colorectal Cancer on the role of endoscopy in the surveillance of patients. The evaluation
includes patients presenting with and treated for the various stages (Stage 1 — Stage 4) of colon cancer.
The guidelines are based in large part on the relative likelihood of synchronous and metachronous

disease. Intervals for endoscopic surveillance are based on results obtained at index examination.

Endoscopic retrograde cholangiopancreatography (ERCP)

ERCP is acknowledged to be one of the major advances in flexible endoscopy over the past several
decades. It has matured into an essential tool for managing biliary (obstructive jaundice, gallstones,
pancreatic malignancies, biliary malignancies, etc.) and pancreatic (pancreatic malignancies,
acute/chronic pancreatitis, etc.) disorders. The first successful endoscopic sphincterotomy was reported
in 1974, but the editors of the journal recognized even earlier the potential of ERCP as a diagnostic and
therapeutic procedure. In 1973, Ogoshi et al. published their successful experience of ERCP in 252
consecutive patients.(6) As the procedure became more broadly available and performed with more
frequency, analyses of resulting radiographs became possible. Misra et al. analyzed 259 ERCPs including
102 normal examinations (control group) and compared them with patients with gallstone disease and
cancer in an effort to determine an association between ductal anatomy and significant
pancreaticobiliary disease.(7) Their observations suggested a close association between the anatomy of

III

the distal common bile duct and the length of the so-called “common channel” as contributing factors.

Similarly, Venu et al. reviewed their extensive experience in ERCP to assess its potential for evaluating
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rare congenital abnormalities of the biliary tree such as choledochocele.(8) Their observations

demonstrated the superiority of ERCP over existing imaging techniques.

Not all landmark ERCP studies published in the journal are from the bygone era. Our current practice has
seen the introduction of such innovative endoscopic technologies as the self-expandable metal stent
(SEMS). SEMS are placed during ERCP for palliation of extrahepatic bile duct obstruction and come in a
covered and uncovered configuration. (For a discussion of EUS-associated SEMS indications, see below).
Although SEMS remain patent longer than their predecessor plastic stents, they are more expensive
raising the question of cost effectiveness. In 2015, Walter et al. published a comprehensive, multicenter
(18 medical centers) five-year study (2008 — 2013) to address this clinically relevant question.(9) Their
conclusions showed that the after one year, the cost difference between the endoscopic use of plastic

stents and the initially more expensive SEMS did not differ significantly.

Post-ERCP pancreatitis is one of the dreaded complications of ERCP. Indomethacin suppositories were
introduced to interventional endoscopists as a method to overcome/mitigate the incidence of post-
ERCP pancreatitis in their patients. But it was Northway et al., in 1980 that demonstrated the protective
effect of indomethacin in preventing the inflammatory condition radiation esophagitis in the opossum.
(10) In their study, 25 animals were evaluated by fiber optic endoscopy before irradiation. The
protective effect of indomethacin was hypothesized to be caused by the blockade of prostaglandin

synthesis.

The well-publicized recent outbreaks of endocope-associated transmission of infection with the
endoscope as vector (“elevator-equipped” endoscopes, duodenoscopes, echoendoscopes) are currently
the subject of litigation and society guideline revision. But the possibility of endoscope transmission of
infection was published in the journal as early as the 1970s and 1980s. In 1974, Greene et al. reported
that a small number of immunocompromised cancer patients undergoing flexible fiber optic
esophagoscopy died of Pseudomonas aeruginosa septicemia shortly after their procedure.(11) Analysis
of the Pseudomonas infectious serotypes showed that none were recovered from the patients prior to
the endoscopic procedure but were widespread with contamination of the endoscope. In 1982, Gerding
et al. combined the resources of the infectious disease section and gastroenterology section at the
Minneapolis Veteran’s Affairs Medical Center to publish a comprehensive study on cleaning and

disinfection of flexible fiber optic endoscopes.(12) The data generated contributed to the creation of
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reprocessing guidelines. The recognition of the problem and the publication of a thoughtful scientific

approach to resolving it are an example of the journal’s role in endoscopic matters.

Endoscopic Ultrasound

With the advent of improved imaging for fiberoptic endoscopy, attention was turned to imaging of the
gastrointestinal wall and structures outside the lumen. By the late 1970s, there was robust clinical
experience with echocardiography and even probe based transrectal ultrasound imaging of the colon
wall and adjacent pelvic structures. However, researchers realized that it was essential to overcome
intervening bowel wall gas in order to utilize ultrasound to visualize structures such as the body and tail
of the pancreas. Therefore, an ultrasonic probe was developed to fit to the tip of a gastroscope to
overcome these limitations. Initial experiments with this ultrasonic endoscope in dogs confirmed that
real-time transesophageal and transgastric imaging of the mediastinum and upper abdominal structures
could be obtained with <1mm resolution. In 1982, Dimagno et al. (13) described one of first experiments
of EUS in humans. In this study, 32 EUS exams were performed in 15 healthy patients and 12 patients
with pancreatic or gastrointestinal disorders. The researchers concluded that EUS was safe, could
visualize normal and diseased abdominal organs and differentiate mucosal from intramural disease.
This and other pioneering research led to more published descriptions and utilization of EUS for

intramural and extramural disease.

While demonstration of extramural structures is important, it is critical to understand the anatomical
correlates of intramural imaging. EUS imaging of the gastrointestinal wall at 7.5 MHz usually produces a
5-layer structure that is alternating hyperechoic (bright), hypoechoic (dark), hyperechoic, hypoechoic
and hyperechoic. Kimmey et al. (14) compared ultrasound imaging with histologic sections of resected
and postmortem specimens from normal and diseased gastrointestinal wall tissue. This study found that
this 5-layer structure corresponds to the: 1) superficial mucosa; 2) deep mucosa; 3) submucosa and
muscularis propria interface; 4), muscularis propria and; 5) serosa with subserosal fat, respectively.
Understanding these histologic correlates provided the foundation for future endosonographers to

discern the layer of origin or invasion of intramural subepithelial lesions.

Due to its ability to image the entire pancreas, endoscopists reported in the early 1990s that radial EUS
imaging (perpendicular to the long axis of the endoscope) could identify small pancreatic neoplasms

such as endocrine tumors missed by other imaging studies such as transcutaneous ultrasound and CT
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scan (15). Rosch et al. (16) also reported that EUS was superior to conventional ultrasound, CT and
angiography for the local staging and evaluation of portal vein invasion in surgically resectable patients
with pancreatic and ampullary cancer and advocated its use to decrease the rate of unnecessary
operations. With Improved CT scan technology (thin slices and precisely timed imaging after contrast
administration), it proved equivalent to EUS for identification of resectability for pancreatic cancer but

still misses small tumors that can be identified and biopsied by EUS (17).

In the early 1990s, the development of linear endosonography permitted imaging ultrasound imaging
sagittally relative to the endoscope shaft and thus visualization of accessories passed passage through
the working channel of the endoscope. The first EUS-guided fine needle aspiration (EUS-FNA) was
published in 1992 (18) and transformed EUS from purely a diagnostic imaging technique to a potentially
therapeutic tool. Soon after these reports, additional techniques utilizing EUS were reported such as
celiac plexus block and neurolysis, pseudocyst drainage, cholangiography and pancreatography and bile
duct drainage. As with any new technique, there was some skepticism about whether endoscopic
therapy could replace or become an acceptable alternative to established radiologic or surgical
therapies. However, studies soon emerged that would challenge existing paradigms. In a prospective
randomized trial, Varadarajulu et al (19). reported that cystgastrostomy drainage of pancreatic
pseudocysts by EUS using two plastic stents (n=20) and surgical cystgastrostomy (n=20) produced similar
treatment success, complications and need for reintervention. However, the endoscopic approached
lowered cost, improved the physical and mental health of patients and shortened the duration of
hospitalization compared to surgical arm. For patients with acute cholecystitis who failed to respond to
medical therapy and could not undergo cholecystectomy, Jang et al (20). randomized patients to EUS-
guided placement of a 5Fr nasobiliary drainage (n=30) or percutaneous transhepatic gallbladder
drainage (PTGBD, n=29). These authors found that EUS guided gallbladder drainage and PTGBD
produced comparable clinical efficacy, technical feasibility and safety. These studies helped to
established drainage by therapeutic EUS as acceptable alternatives to traditional techniques however
they utilized plastic stents to facilitate drainage. The recent introduction of lumen apposing metal
stents (LAMS) placed under EUS guidance has decreased the number of steps required and improved
the safety and stability of endoscopic transmural drainage compared to plastic stents. EUS-guided
placement of LAMS are now routinely utilized for transmural gallbladder drainage, pseudocyst drainage

and access for translumenal necrosectomy, hepatogastrostomy and choledochoduodenostomy.
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Natural orifice translumenal endoscopic surgery (NOTES)

NOTES can be performed either within or outside the gastrointestinal tract. Within the submucosal
space of the gastrointestinal tract it is used to remove subepithelial tumors (submucosal tunneling with
endoscopic resection, STER) or to provide a conduit for therapy (i.e. per-oral endoscopic myotomy,
POEM for achalasia). NOTES can also provide endoscopic access to adjacent or distant organs or
facilitate full thickness removal of the regions of the gastrointestinal tract (EFTR). Transluminal drainage
of pseudocysts and ‘gastrostomy without laparotomy’ (21) were the first true NOTES procedures
performed in the modern era. Kalloo et al. (22) performed the first transgastric peritoneoscopy in a
porcine model and ushered in excitement for this novel field. Since then, NOTES research has been
conducted in several areas: 1) local surgery without puncture of an organ (direct-target NOTES) and
intentional violation of an organ to operate in a remote location (distant-target NOTES); 2) which orifice
(anus, vagina, mouth) to enter to perform surgery; 3) whether NOTES should be performed in a pure
form (without external assistance) or hybrid form (utilizing laparoscopic assistance); 4) novel
instrumentation to facilitate the procedure; 5) safety and training for NOTES by gastroenterologists or
surgeons; 6) quality of life and costs of the procedure. Currently, common NOTES procedures
performed clinically include the direct-target procedures POEM, STER, and the hybrid NOTES procedure
transanal total mesorectal excision (trans-TME). Distant NOTES include transluminal necrosectomy and
transgastric cholecystectomy. Innovation in this field is expanding rapidly and expectations must be
tempered as research is performed to determine the safety, outcomes, patient preferences, quality of

life, training required and costs of these procedures.
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