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Abstract
Laparoscopic surgery has many advantages over open surgery. At the same time, 
it is not without its risks. In this review, we discuss steps that could enhance the 
safety of laparoscopic surgery. Some of the important safety considerations are 
ruling out pregnancy in women of the childbearing age group; advanced 
discussion with the patient regarding unexpected intraoperative situations, and 
ensuring appropriate equipment is available. Important perioperative safety 
considerations include thromboprophylaxis; antibiotic prophylaxis; patient 
allergies; proper positioning of the patient, stack, and monitor(s); patient 
appropriate pneumoperitoneum; ergonomic port placement; use of lowest 
possible intra-abdominal pressure; use of additional five-millimetre (mm) ports as 
needed; safe use of energy devices and laparoscopic staplers; low threshold for a 
second opinion; backing out if unsafe to proceed; avoiding hand-over in the 
middle of the procedure; ensuring all planned procedures have been performed; 
inclusion of laparoscopic retrieval bags and specimens in the operating count; 
avoiding 10-15 mm ports for placement of drains; appropriate port closures; and 
use of long-acting local anaesthetic agents for analgesia. Important postoperative 
considerations include adequate analgesia; early ambulation; careful attention to 
early warning scores; and appropriate discharge advice.

Key Words: Laparoscopy; Laparoscopic surgery; Minimally invasive surgery; Key-hole 
surgery; Patient safety; Safe surgery; Safe laparoscopy
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Core Tip: Check for pregnancy in women of the childbearing age group. Make an 
alternative advanced plan with the patient regarding unexpected intra-abdominal 
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circumstances. Consider adequate thromboprophylaxis and antibiotic prophylaxis. 
Intraoperatively, surgeons should ensure correct patient positioning and placement of 
stack and monitor(s). Establishing pneumoperitoneum safely, proper use of energy 
devices/staplers, use of lowest possible intra-abdominal pressure, avoidance of 10-15 
millimetre ports for placement of drains; and a thorough “time out” at the end are some 
of the other important intraoperative considerations. The operating count by nurses 
should include specimens and retrieval bags. Important postoperative considerations 
include analgesia, early ambulation, and careful attention to early warning scores.

Citation: Madhok B, Nanayakkara K, Mahawar K. Safety considerations in laparoscopic 
surgery: A narrative review. World J Gastrointest Endosc 2022; 14(1): 1-16
URL: https://www.wjgnet.com/1948-5190/full/v14/i1/1.htm
DOI: https://dx.doi.org/10.4253/wjge.v14.i1.1

INTRODUCTION
Laparoscopic surgery could be regarded as one of the greatest advances in the field of 
surgery. It has brought with it a revolution in the use of digital and robotic technology 
in surgical practice. It has radically shortened the patient recovery times compared to 
the ‘open’ operations. Even more remarkably, these gains have been made whilst 
simultaneously enhancing the quality of surgery[1,2]. Laparoscopic surgery is 
associated with less pain, fewer wound infections, reduced hospital stay, reduced 
morbidity and mortality and early return to work and improved overall quality of life
[3,4]. However, when laparoscopy was first introduced there were concerns regarding 
its safety[5,6]. Fortunately, with time as surgical teams have progressed over their 
learning curves, many of the initially reported complications have become relatively 
infrequent[7].

In this article, we review some of the key areas that could enhance the safety of 
laparoscopic surgery. We have structured this article to simulate a patient's journey 
into preoperative, perioperative, and postoperative considerations.

PRE-OPERATIVE PLANNING
Patient selection
Patient selection plays a key role in enhancing the safety of laparoscopic surgery[8,9]. 
In addition to the risks associated with a general anaesthetic, laparoscopy is associated 
with risks due to increased intra-abdominal pressure (IAP) and in some cases extreme 
patient positioning[10]. There is no absolute contraindication to laparoscopic surgery 
but patients with significant medical comorbidities should be treated with caution just 
like any other surgery. Some patients may be suitable for laparoscopic surgery but not 
the corresponding open procedure and this should be discussed with the patient in 
advance. The morbidity and mortality of the open surgery may be too high (such as 
frail patients or those suffering from severe obesity) and surgeons may need to either 
back out without performing any procedure (such as when faced with extensive 
adhesions or a cirrhotic liver or a huge liver) or perform a different procedure to the 
one planned (such as a subtotal cholecystectomy instead of a total cholecystectomy; or 
sleeve gastrectomy in place of Roux-en-Y gastric bypass). An advanced discussion 
with patients and their families regarding these aspects can help surgeons take the 
most appropriate course of action in such challenging circumstances.

Another potentially serious issue could be surgery without the knowledge that the 
patient is pregnant. Though this has implications for all pregnant women and the 
unborn baby, the implications are even more severe after operations such as bariatric 
and metabolic surgery[11]. All women in the childbearing age group should, therefore, 
be offered a routine urine pregnancy test at preassessment to rule out pregnancy[12].

Additionally, laparoscopic surgery may be challenging in a patient who has 
previously undergone an open abdominal operation especially an emergency 
laparotomy. In these patients, safe access to the peritoneal cavity may be difficult[8]. 
Surgeons should generally try to avoid areas where intra-abdominal adhesions are 
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likely to be maximum for pneumoperitoneum and first port insertion. For example, 
authors would suggest optical pneumoperitoneum in left upper quadrant as the entry 
point in patients who have had a previous midline laparotomy.

Like any other surgery, non-urgent procedures may be deferred to allow for patient 
optimisation. This may include treatment of underlying co-morbidities, smoking 
cessation, or assisted weight loss. Similarly, patients with obesity could be offered 
appropriate liver shrinking diet to facilitate cholecystectomy and bariatric procedures
[13].

Procedure selection
Over the last couple of decades, an increasing variety of operations are being 
performed laparoscopically[14-16]. In many cases, the laparoscopic approach has 
become the norm. For instance, it is difficult to believe that gastric bypass for obesity 
was once performed using an open approach. A similar expansion of laparoscopy is 
also being observed in emergency surgery in haemodynamically stable patients[17,18] 
Laparoscopy has also been reported to be safe with reduced risks of nontherapeutic 
laparotomy and mortality in patients with blunt abdominal trauma[19]. Though its 
role in penetrating abdominal trauma is less clear, some surgeons believe it may be 
useful as a screening tool for identifying patients who would require laparotomy[20]. 
Procedures can be laparoscopic (such as gastric bypass for morbid obesity), or hybrid-
combined open and laparoscopy (such as anterior resection for rectal cancer) 
depending on the underlying pathology and experience of the surgeon.

Review of pre-operative investigations
The main drawbacks of laparoscopic surgery are reduced tactile and depth perception, 
which could be critical in many surgical procedures (e.g., segmental colectomy for 
small malignant polyps)[21]. Where feasible, we suggest endoscopic procedures for 
such lesions and, if surgery is required, preoperative endoscopic tattooing could help 
intraoperative identification of the pathology[22,23]. A preoperative review of 
radiological imaging with an experienced radiologist can also be helpful.

PERI-OPERATIVE CONSIDERATIONS
Team brief and safe surgery checklist
A good and effective team brief is crucial before any operation. All members of the 
team including the consultant surgeon, surgical assistants/trainees, anaesthetist, 
anaesthetic trainee/operating department practitioners, scrub nurse, and circulating 
nurse should be present during the team brief. These sessions provide an opportunity 
for discussion of any anticipated difficulties, measures for prophylaxis of venous 
thromboembolism, antibiotic prophylaxis, glycaemic control, patient allergies, patient 
warming, patient positioning, location of the screen, need for X-ray, etc. We strongly 
recommend team briefings are done as part of the World Health Organisation (WHO) 
“safe-surgery” checklist, which has been shown to reduce human error and adverse 
effects while improving communication and teamwork[11,24]. While discussing 
allergies, particular attention should be paid to allergies to something that would 
normally be used during or after surgery. Some elective procedures may need to be 
deferred while patient is referred to appropriate specialists for further testing and 
confirmation of allergies.

Patient positioning
Proper patient position is essential for the safe performance of laparoscopic surgery. 
Appropriate precautions must be taken to ensure neutral positioning of major joints 
and padding of pressure points[25,26]. Some surgeons prefer a "French" position 
(surgeon stands between the legs of the patient) whereas others prefer standing on the 
right side of the patient. Regardless of these preferences, basic principles of positioning 
remain the same. The patient must be secured with a strap over the chest/thighs with 
or without footrests (depending on whether reverse Trendelenburg position is 
anticipated during the surgery) to avoid lateral and caudal slippage[11]. Likewise, for 
pelvic surgery, the patient may need to be in Trendelenburg position. In these cases, 
hips and knees should be kept in a neutral position in secured leg supports with soft 
cushions for all pressure points. Shoulder supports can also help prevent cephalad 
sliding of patients. If stationary retractors are required, such as Nathanson's liver 
retractor, they should be fastened securely to the operating table to minimise intra-
operative adverse events, such as liver injuries[27]. One should use utmost care while 
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introducing and removing these retractors. The liver may be densely adherent to 
underlying vascular structures and careless lifting may lead to traction injuries. 
Moving the patient on and off the operating table should be carried out properly to 
avoid patient and staff injuries especially for patients with obesity where air 
mattresses (such as HoverMatt®, HoverTech International, Allentown, PA, United 
States) may be useful[28].

Laparoscopy setup 
A significant number of laparoscopic surgeons suffer from work-related musculo-
skeletal injuries (up to 70%)[29], and as such ergonomics are more pertinent to laparo-
scopic surgery than probably open or even robotic surgery. The patient's position, 
height of the operating table, port position, and laparoscopic monitor setup are some 
of the important factors to consider in this regard[30,31]. One key suggestion is that 
the surgeon, the operating field, and the monitor should be in a straight line with 
triangulation between the camera and main operating ports. The height of the monitor 
should be just below the surgeon's eye level (preferably 0 to 150) to avoid sprain due to 
prolonged neck extension[32,33]. Fatigue amongst the surgeon and assistant may 
increase the risk of error during the procedure, and hence every effort should be made 
to improve ergonomics. To overcome some of these ergonomic challenges, modern 
laparoscopic theatre suites are equipped with permanently installed ceiling suspended 
multiple flat-screen monitors with adjustable inclination[34]. Relative lack of depth 
perception (2D view) has been a major disadvantage with laparoscopy compared to 
open surgery. To overcome this, 4K ultra high definition technology[35] and 3D 
laparoscopic technology have been introduced[36], and several trials have compared 
the two[35,37]. Neither seems superior to the other, and a recent consensus statement 
from the European Association of Endoscopic Surgeons concluded that further robust 
research is required to investigate the avantages of 3D laparoscopy system[38]. Higher 
cost as well as the stress of the 3D laparoscopy system and issues with surgeon’s 
vision mean that these systems are not yet in widespread usage[39].

Port positioning and insertion techniques
It has been suggested that up to 50% of major complications in laparoscopic surgery 
occur at the time of port insertion[4]. Surgeons should, therefore, be proficient with 
different techniques for establishing pneumoperitoneum. Open Hasson technique[40], 
closed Veress needle entry (named after Janos Veres)[41] and optical ports (with or 
without prior pneumoperitoneum using a Veress needle) are the most common 
methods currently used. A recent Cochrane review showed none of these approaches 
stand out in terms of complications such as visceral injuries and major vascular 
injuries[42]. However, open Hasson’s method is associated with the least chance of 
entry failures compared to the other two modalities[42]. Even though many surgeons 
have a preferred technique, the selection of entry technique should probably be based 
on patient characteristics. For example, the open juxta-umbilical approach is safe and 
quick for thin to averagely built patients with less abdominal wall fat and with no 
previous midline laparotomy; whereas optical port insertion in left upper quadrant 
(with or without prior Veress needle pneumoperitoneum) might be safer for patients 
with previous midline laparotomy or obesity[43]. In any closed technique, the first 
port should always be introduced using optical guidance and left upper abdomen 
(Palmer’s point) is regarded to the safest place for this purpose by many surgeons[44].

The size of the primary port (10-12 mm or 5 mm) also depends on the surgeon's 
preference and type of surgery. For example, some surgeons prefer a 5 mm primary 
port for paediatric patients to minimise tissue trauma. However, the quality of the 
picture obtained through a 5 mm scope can be inferior to a standard 10 mm scope due 
to fewer optical fibres. The size and position of subsequent ports depend on the 
operation and anticipated instruments in use. Most of the instruments can be safely 
used through 5 mm ports, but staplers, large clip applicators, retrieval graspers 
usually require 12 mm ports. Surgeons should also bear in mind that a curved needle 
will not go through a 5 mm port whereas a ski-shaped needle will. Curved needles can 
be lost intra-abdominally in an attempt to retrieve them through a 5 mm port[11]. 
Surgeons should always follow any needle during insertion and removal from the 
abdominal cavity. Occasionally, larger 15 mm ports are required for thick stapler 
devices as well as to extract large specimens. However, in the authors' experience, this 
is rare as most specimens can be removed through a 12 mm port site with some 
stretch. However, if a 15 mm port is used, the port site should always be closed 
irrespective of the patient's body mass index. All subsequent port placements, after the 
primary port insertion, should be under direct vision to avoid injury to the underlying 
viscera. Injury to inferior epigastric vessels is reported to be the commonest cause of 
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port site bleeding[45,46]. In thin patients, transillumination can help reduce the chance 
of inadvertently injuring these vessels.

There are two types of trocars: Bladed and non-bladed that are available for 
subsequent port placements. The data on comparing the two types are very limited, 
but non-bladed trocars are probably associated with less trocar-site bleeding with no 
difference in visceral injury[47]. It is our view that surgeons should only use blunt-
tipped non-bladed trocars in laparoscopic surgery as they are less likely to result in 
inadvertent injuries to epigastric vessels and viscera. All ports should be placed 
according to the triangulation principle for the better ergonomics[48]. After all the 
ports are inserted, a gross inspection of the peritoneal cavity is important to identify 
any inadvertent injury or any unexpected finding. Standard laparoscopic ports are 100 
mm in length and suitable for most regular laparoscopic procedures. However, extra-
length (150 mm) ports may be necessary to gain access to patients with thick 
abdominal walls. Usage of appropriate length ports helps to prevent repeated port 
displacement and fascial injury caused by repeated insertions. If available, balloon tip 
ports can prevent port displacement.

Pneumoperitoneum
Optimal pneumoperitoneum is vital for safe laparoscopic surgery to ensure adequate 
visualisation. But, it can also have adverse effects especially on the cardiovascular 
system[49-51]. Good communication with the anaesthetist is important at the start of 
insufflation. The rate of insufflation and intra-peritoneal pressure are the key consider-
ations for each procedure[52]. A rapid rise in IAP rise could result in hemodynamic 
instability from bradycardia or other life-threatening cardiac arrhythmias especially in 
elderly patients and those with pre-existing cardiac disease[49,50,53,54]. An initial 
slow rate of insufflation especially at the beginning of the procedure could minimise 
such events. IAP > 12 mmHg is considered intra-abdominal hypertension with 
adverse effects on the cardio-respiratory system mainly due to diaphragmatic 
splinting and carbon dioxide-induced hypercarbia[52].

As a general rule, the lowest possible IAP should be maintained, and an IAP > 15 
mmHg is very rarely required. Additionally, good abdominal wall relaxation could 
improve surgical view[50]. The patient's position could further exaggerate these 
adverse effects of pneumoperitoneum. For example, in the Trendelenburg position, 
pressure of viscera on the diaphragm can lead to a reduction in the functional residual 
capacity[50,51].

Safe handling of the camera
The camera is the eye of the surgeon! Compared to old low-resolution scopes, modern 
laparoscopes provide high-resolution images enabling the smooth performance of 
complex and delicate procedures[55,56]. The assistant holding the camera is 
responsible for providing a clear, focused image to the surgeon. It is important that the 
assistant knows operative steps and ideally also, the manoeuvres unique to each 
surgeon. Appropriate training and experience are key to this[57]. The camera is 
located at the tip of the scope with a fixed angle ranging from 0° to 70°[53], and some 
with flexible tip allow complete 0 to 180° visualization (LTF-V2 Deflectable Tip 
Laparoscope, Olympus America Inc., Melville, New York). The familiarity of these 
angles is important for assistants. Additionally, the camera holder must try to keep the 
surgical field in the centre of the screen with minimal turbulence.

Sharp instruments such as a diathermy hook and scissors should be followed with 
the camera during insertion and withdrawal to avoid any inadvertent injuries to the 
viscera. Before usage, white balancing should be done to achieve a digital image with 
true colours. White surfaces, such as clean swabs reflect the light enhancing the image, 
while dark surfaces such as blood, absorb the light and compromise the view. 
Therefore, the assistant must try to avoid blood-stained and reflective surfaces. The 
surgeon at the same time should attempt to keep the surgical field tidy. Fogging is a 
common problem in laparoscopy especially at the beginning of the procedure due to 
the temperature difference between cold scope and warm peritoneal cavity. Pre-
warming with warm water[58-60] or liquid scope warmer (WarmORTM, The O.R. 
Company, Antioh, TN, United States), anti-fog solutions (FREDTM, United States 
Surgical, North Haven, CT) are some of the options available for preventing fog 
formation.

The high intensity of the light can generate significant heat at the tip of the 
laparoscope. This can burn the drapes and even skin of the patient if due care is not 
taken.



Madhok B et al. Safety considerations in laparoscopic surgery

WJGE https://www.wjgnet.com 6 January 16, 2022 Volume 14 Issue 1

Instruments in laparoscopy
Correct selection and proper usage of laparoscopic instruments are vital for safe 
performance of laparoscopic surgery. Describing all laparoscopic instruments is out of 
the scope of this article. However, we would like to highlight some of the key aspects 
of commonly used instruments. Tissue graspers, laparoscopic scissors, clip applicators, 
needle holders, staplers, and suction devices are some of the commonly used 
instruments in laparoscopic practice. Choice of the instrument depends on multiple 
factors such as nature of the tissue (delicate vs tough), characteristics of the instrument 
(traumatic vs non-traumatic), expected function (dissection vs retraction). For example, 
tissue graspers can be traumatic or non-traumatic depending on the surface character-
istics of the jaw blades of the force used by the surgeon. Maryland's forceps are a 
traumatic device, which should not be used to handle delicate structures such as the 
small or large intestine. Instead, Johan’s non-traumatic forceps should be used for the 
bowel. It is worth bearing in mind that even atraumatic graspers can lead to tissue 
trauma if not handled gently. Similarly, Maryland's forceps are useful for blunt 
dissection and hold tissues (such as bleeding vessels) with their pointed tips. Sharp 
instruments such as laparoscopic scissors and diathermy hook should always be used 
under direct vision. Articulated instruments offer “robot-like dexterity” with an 
improved degree of freedom at lower cost[61,62]

Special instruments
Laparoscopic staplers of appropriate length and staple height should be used 
depending on the tissue[63-65]. Although modern tri-staplers are shown to be safe and 
robust, utmost care should be exercised with attention to detail[66,67]. The surgeon 
needs to be familiar with the type of stapler they are using, and also have good 
working knowledge of different type of cartridges. Before firing a stapler in Upper 
Gastro-Intestinal (UGI) surgery, a routine check and communication with the 
anaesthetist are mandatory to avoid inadvertently catching the orogastric tube or 
temperature probe, or nasogastric tube within the stapler. All of these have has been 
reported as never events[68]. Routine use of nasogastric tubes and temperature probes 
should be avoided, especially in UGI surgery.

Powered staplers and flexible stapler devices (ECHELON FLEXTM, Johnson and 
Johnson, United States) have also shown some promising results in laparoscopic 
surgery[69,70]. For most operative procedures (including most bariatric surgery) 
standard length instruments are adequate. However extra-long instruments may be 
needed in some patients with severe obesity[71]. Surgical procedures requiring access 
to gastro-oesophageal junction such as hiatal hernia repair or bariatric surgery require 
a liver retractor. Different types are available and can be used based on the surgeon's 
preference and availability (Nathanson Liver Retraction System, Cook® Medical, 
United States and PretzelFlex Surgical Retraction System, Surgical Innovations, United 
Kingdom). However, utmost care is required to avoid tissue injury especially to the 
liver[27,72,73]. Laparoscopic ultrasound, yet another useful tool especially in hepato-
pancreatic and biliary operations can be helpful to localise lesions and reduced the 
incidence of complications[74-76]. More recently, use of Indocynanine Green for 
fluorescence-guided laparoscopic surgery has shown some initial promising results in 
hepatobiliary surgery, colorectal surgery, and surgical oncology. It can be useful in 
tumour localisation, lymph node mapping, and intra-operative angiography as well as 
cholangiography[77-79]. However, the protocols and technique need to be 
standardised and validated with further research.

Energy devices in laparoscopy
Modern energy devices have facilitated the progress and development of laparoscopic 
surgery. Monopolar diathermy is the most basic energy device used in current practice 
utilised commonly for tissue dissection and haemostasis through hook or Maryland’s 
forceps. Compared to other devices, monopolar diathermy is known to cause 
significant lateral thermal spread, which requires cautious application close to delicate 
structures such as the bowel[80,81]. Additionally, inadvertent injuries due to cracked 
insulation, capacitance coupling due to the usage of metal or hybrid ports are other 
complications associated with monopolar diathermy[82-84]. Regular inspection and 
usage of plastic ports are effective means of preventing these potentially disastrous 
complications. The authors recommend avoiding metal ports for this reason. Surgeons 
or other team members can also accidentally step on the cutting pedal during the 
procedure as pedals are on the floor and often hidden under the drapes. We 
recommend reducing the default cutting setting down to zero as it is rarely needed 
during routine laparoscopic surgery.
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Bipolar diathermy is often a safe alternative when monopolar diathermy is risky e.g. 
close to delicate tissues due to minimal lateral thermal spread or is contraindicated e.g. 
patients with cardiac pacemakers[74]. Several advanced energy devices are available 
and utilise different technology[80,85]. LigasureTM (Medtronic Technologies, Dublin, 
Ireland) uses bipolar energy with pressure to seal blood vessels up to 7 mm. 
HarmonicTM (Ethicon technologies, Raritan, NJ, United States), and SonoSurgTM 
(Olympus Technologies, Tokyo, Japan), use high-frequency ultrasonic waves to 
generate heat, thereby causing tissue coagulation and dissection with significantly 
lower lateral thermal spread compared to monopolar devices[80]. These devices can be 
safely used even in patients with cardiac pacemakers, in whom monopolar diathermy 
is contraindicated[86]. During usage, the active blade of these devices should be kept 
under direct vision to prevent any inadvertent injury to underlying tissues. Studies 
demonstrate heat at the tip of the device can lead to temperatures as high as > 100 °C 
and can last up to 20 s after usage[87]. Therefore, tip contact with vulnerable tissues 
should be avoided immediately after usage and surgeons should allow some time for 
it to cool down before using again. ThunderbeatTM (Olympus Technologies, Tokyo, 
Japan) is another device that combines both high-frequency ultrasonic waves and 
bipolar diathermy, which allows tissue dissection as well as sealing of vessels up to 7 
mm[88]. Energy devices related burns may not be immediately apparent and result in 
late perforations with disastrous consequences[89,90].

Tissue dissection in laparoscopy
Tissue dissection in laparoscopy can be a challenging task even for experienced 
surgeons due to a relative lack of haptic feedback. Laparoscopic scissors are often used 
for sharp dissection, whilst advanced energy devices could be used where tissues are 
expected to bleed. Pointed tip devices such as Maryland’s forceps are useful to open-
up the tissue planes. Suction devices or laparoscopic pledgets can also be used to 
create tissue planes[91].

Haemostasis in laparoscopy
Any discrete bleeding vessel should be identified, isolated, and properly controlled 
before proceeding to the next step of the procedure. Diathermy is the most frequently 
used modality for haemostasis and is advocated for a capillary-sized vessel. Laparo-
scopic clips or Hem-o-lok® (Teleflex®, Morrisville, NC, United States) ligating clips are 
indicated for defined, named vessels. For larger vessels such as a splenic artery or 
ileocolic pedicle, we suggest using either locking clips e.g., Hem-o-lok® (Teleflex®, 
Morrisville, NC, United States) or vascular staplers (1.0 mm to 2.0 mm Endo GIATM, 
Medtronic, Minneapolis, United States, and Ethicon, Johnson & Johnson Medical, 
Belgium).

Bleeding from raw or inflamed tissue e.g., liver bed after a difficult cholecystectomy 
or pelvis during rectal resection can be difficult to control[91-93]. These can sometimes 
be controlled with topical haemostatic agents such as gelatins, collagens, thrombin, 
and fibrin sealants (BioGlue®, Cryolife Inc., Kennesaw, GA, United States), and 
synthetic glues[94,95]. Some of these agents e.g., Surgicel (Ethicon, Johnson & Johnson 
Medical, Belgium) can cause an intense inflammatory reaction, and lead to the 
formation of an abscess[96-99]. Occasionally, ligating or transfixing the pedicle with 
sutures provides the most secure control. We believe all laparoscopic surgeons should 
be able to carry out laparoscopic suturing. All energy devices can cause injury to 
nearby structures due to lateral thermal spread and as such, it is vital to keep the 
instrument completely under vision during use[80,85]. Once metal clips are applied, 
further diathermy should be avoided as it causes shrinkage of tissues underneath with 
subsequent loosening and slippage of the clip, and the metal clip could lead to the 
spread of the diathermy current to adjacent tissue causing thermal injury[82,83,100].

Laparoscopic suturing and anchoring
Laparoscopic suturing is an essential skill for all laparoscopic surgeons. Selection of 
correct needle size, length of the suture, proper handling of the needle at various 
angles are vital considerations for safe laparoscopic suturing. Additionally, pre-
prepared laparoscopic knots with loops (ENDOLOOP®, Johnson & Johnson Medical, 
Belgium) are commercially available as a quick option for certain procedures as 
laparoscopic appendicectomy. Specific anchoring devices (such as ProTackTM, 
Medtronic Ltd., United Kingdom, and Securestrap®, Johnson and Johnson Medical, 
Belgium) can be used for mesh fixation during a laparoscopic hernia repair. However, 
they can be associated with complications such as chronic pain or erosions[101,102]. 
More recently, absorbable tackers have been introduced in an attempt to reduce the 
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odds of these complications (AbsorbaTackTM, Medtronic Ltd., United Kingdom).

Timeouts during the procedure and second opinion
Laparoscopic surgery can be physically and mentally demanding for the surgeon and 
could easily lead to fatigue and errors[103,104]. We recommend short breaks during 
long or difficult procedures for the whole team. If the operation is not progressing as 
expected, a second opinion from and experienced colleague could be invaluable[105]. 
Surgeons should not regard conversion as a failure.

Final check
Towards the end of the procedure, surgeons should ensure adequate haemostasis and 
check for any inadvertent bowel injury. We also recommend ensuring adequate blood 
pressure and reducing the pressure while checking for haemostasis. A haemostasis 
check with low blood pressure and high-pressure pneumoperitoneum may be falsely 
reassuring.

Surgeons should consider closing all internal defects and 15 mm port sites. Most 10-
12 mm port sites should also be closed except in patients with severe obesity where 
many surgeons do not recommend closing blunt 10-12mm port sites especially when 
ports have been angled during placement[106,107]. After the withdrawal of ports, all 
port sites should be checked for bleeding and adequate haemostasis must be ensured. 
Surgeons should finally check the operating count with nurses and do a proper "time 
out" to ensure all planned procedures have been performed. The operating count 
should include surgical specimens and specimen retrieval bags as it is not uncommon 
during laparoscopic surgery for surgeons to leave a specimen/retrieval bag intraab-
dominally during the surgery for later removal[11]. At the end of the procedure, we 
recommend a mental pause for the surgeon to reflect on the procedure – especially 
consider if all planned procedures have been performed; all foreign bodies such as 
tonsil swabs, retrieval bags, removed previously placed foreign bodies such as gastric 
bands, and specimens have been removed; and all ports that needed closing have been 
closed.

POST-OPERATIVE CONSIDERATIONS
Laparoscopic surgery has transformed post-operative care and reduced the length of 
in-hospital stay to the extent that many surgical procedures can be undertaken as day 
cases[108,109]. This is probably because of minimal physiological disturbances and 
stress with laparoscopy[110]. Early discharge is beneficial for patients and should be 
routine after in-hospital care is no longer needed.

Analgesia
Pain management plays a vital role in recovery post-laparoscopy as in any other type 
of surgery. We recommend effective multi-modal analgesia[111] following any laparo-
scopic surgery including the infiltration of long-acting local anaesthetic agents at port 
sites. Deep breathing exercises and chest physiotherapy can reduce respiratory 
complications[112].

Thromboprophylaxis
Appropriate thromboprophylaxis is crucial for laparoscopic surgery because of the 
higher IAP[113]. A recent study by our group identified failure to prescribe the correct 
thromboprophylaxis as one of the commonest serious clinical incidents after bariatric 
surgery[11]. A combination of mechanical and pharmacological thromboprophylaxis 
should be used. We recommend continuing to use the calf compression devices in the 
immediate post-operative period till the patient is ambulatory, and compression 
stockings even after discharge till the patient has resumed near-normal levels of 
mobility. Low molecular weight heparin is an effective pharmacological thrombopro-
phylaxis usually started preoperatively and continued for variable duration post-
operatively for those at highest risk.

Enhanced recovery after surgery
We would strongly advocate incorporating an Enhanced Recovery After Surgery 
(ERAS) programme[114-116]. For certain specialties and procedures, separate ERAS 
protocols have been developed[117-120].
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Table 1 Summary of various safety considerations throughout the patient journey when undergoing a laparoscopic procedure

Stage of surgery Safety considerations

Rule out pregnancy for elective procedures in women of child bearing age groupPatient selection

Optimisation of risk factors

Elective surgery

Emergency general surgery

Procedure selection

Abdominal trauma

Supplementary procedures (e.g., endoscopic tattooing)

Pre-operative

Pre-operative investigations 

Review of radiological investigations

Effective communication and surgical check list 

Ensure correct patient, correct procedure, correct site

Consider allergies, antibiotic prophylaxis, DVT prophylaxis, and glycaemic control

Safe and appropriate patient positioning

Before start 

Ensure comfortable and effective laparoscopy set-up

Safe pneumoperitoneum and ergonomically favourable port positioning 

Use lowest possible pneumoperitoneum pressure

Accurate selection and handling of instruments (e.g., camera, energy devices)

Meticulous tissue dissection and haemostasis

Regular evaluation of operative steps 

During surgery 

Low threshold for seeking second opinion 

Check for haemostasis with reduced intra-abdominal pressure and adequate blood pressure

Intra-operative

At the end of the surgery 

Proper closure of port sites

Multimodal analgesia 

Thromboprophylaxis

Clear plan for oral intake and patient’s routine medications

Early recovery 

Use Enhanced Recovery Protocols for elective surgery

Early recognition of warning signs and prompt intervention

Tachycardia not reliable as an early warning sign for patients on Beta blockers

Complications 

Appropriate training of nursing staff and early escalation. Use Early Warning Scores

Clear discharge documentation for patient and their primary care doctor

Post-operative

Discharge advices 

Patient education on complications and anticipated recovery times

DVT: Deep vein thrombosis.

Management of diabetes
Poor perioperative glycaemic control is shown to be associated with increased 
infection rate and mortality across many surgical specialties[121-123]. Therefore, it is 
highly recommended to have a strict policy for peri-operative glycaemic control, 
especially in patients on insulin[124].

Patient’s routine medications
Many patients admitted for elective surgery may be on regular medications for a 
variety of medical conditions, which may need to be withheld peri-operatively. 
Incorrect management of patients' regular medications[12] can lead to avoidable harm
[125]. Close collaboration with physicians, pharmacists, and specialist nurses can help. 
For medications that are commonly omitted perioperatively such as antiplatelets and 
anticoagulants, it is good practice to have clear local perioperative guidelines/ 
protocols, to minimise errors. Surgeons should clearly document when these can be 
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restarted safely after surgery and in what dosages in their operation notes. It is equally 
important to ensure patients' regular medications such as antihypertensives are 
prescribed correctly especially in the post-operative period. A thorough review by a 
pharmacist at pre-assessment and/or on the ward after surgery can help prevent these 
errors.

Post-operative complications and management 
It is important to ensure that the junior doctors and nursing staff are appropriately 
trained to identify a complication early. Tachycardia is often the first sign of an unwell 
patients. However, its limitations as an early warning sign in patients who are on Beta-
blockers should be understood. Shoulder tip pain and port site pain are frequently 
reported after laparoscopic surgery. Diaphragmatic irritation due to retained carbon 
dioxide can trigger referred pain to shoulders, which can last up to a few days post-
operatively[126-128].

Overall, laparoscopic surgery is associated with reduced abdominal pain and 
discomfort. Surgical teams should take excessive pain and regular use of opiate 
analgesia more than 24 h after surgery seriously. Such a patient could be developing 
an early complication such as bowel perforation or bile leak after cholecystectomy and 
a Computed Tomography scan may be falsely negative[129]. We recommend having a 
low threshold for re-laparoscopy.

Discharge advice
Surgical teams should provide clear information to patients and their carers about the 
expected recovery times after surgery. They should also be advised regarding warning 
symptoms and who to contact in such cases. This is crucial as laparoscopy has reduced 
the length of stay in the hospital, and patients will usually be home when complic-
ations develop. Unwell patients should have rapid access to senior surgical input 
during the early postoperative period.

CONCLUSION
This review presents some of the key considerations in the safe performance of laparo-
scopic surgery. We have attempted to summarise them in Table 1 for readers. Many of 
our recommendations are based on experience and need to be examined scientifically. 
There is also a need for consensus-building amongst experts in this crucial area of 
patient safety.
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Abstract
Endoscopic cryotherapy is a technique utilized for the ablation of target tissue 
within the gastrointestinal tract. A cryotherapy system utilizes the endoscopic 
application of cryogen such as liquid nitrogen, carbon dioxide or liquid nitrous 
oxide. This leads to disruption of cell membranes, apoptosis, and thrombosis of 
local blood vessels within the target tissue. Several trials utilizing cryotherapy for 
Barrett’s esophagus (BE) with variable dysplasia, gastric antral vascular ectasia 
(GAVE), esophageal carcinoma, radiation proctitis, and metastatic esophageal 
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carcinomas have shown safety and efficacy. More recently, liquid nitrogen 
cryotherapy (cryodilation) was shown to be safe and effective for the treatment of 
a benign esophageal stricture which was refractory to dilations, steroid injections, 
and stenting. Moreover, liquid nitrogen cryotherapy is associated with less post 
procedure pain as compared to radiofrequency ablation in BE with comparable 
ablation rates. In patients with GAVE, cryotherapy was found to be less tedious as 
compared to argon plasma coagulation. Adverse events from cryotherapy most 
commonly include chest pain, esophageal strictures, and bleeding. Gastric perfor-
ations did occur as well, but less often. In summary, endoscopic cryotherapy is a 
promising and growing field, which was first demonstrated in BE, but the use 
now spans for several other disease processes. Larger randomized controlled 
trials are needed before its role can be established for these different diseases.

Key Words: Cryotherapy; Gastric antral vascular ectasia; Barrett’s esophagus; Esophageal 
cancer; Palliative therapy
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Core Tip: Cryotherapy involves freeze-thaw cycles of tissue to eradicate problematic 
lesions such as Barrett’s esophagus with variable dysplasia, gastric antral vascular 
ectasia, radiation proctitis, esophageal carcinomas and metastatic esophageal 
carcinomas. Two of the most used cryotherapy systems involve liquid nitrogen and 
carbon dioxide. Cryoballoon focal ablation system is another system, but not widely 
available. Cryotherapy systems have shown efficacy for these conditions even in 
patients who were refractory to the current standards of care.
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INTRODUCTION
Endoscopic cryotherapy is a technique utilized for the ablation of target tissue within 
the gastrointestinal (GI) tract. A cryotherapy system utilizes the endoscopic app-
lication of cryogen such as liquid nitrogen or liquid nitrous oxide to the target tissue 
leading to disruption of cell membranes, apoptosis, and thrombosis of local blood 
vessels. Endoscopic cryotherapy first showed success in the treatment of Barrett’s 
esophagus (BE), but over time has been used for both treatment and symptomatic 
relief of many disease processes throughout the GI tract. This review will discuss the 
current and future roles of cryotherapy in GI endoscopy.

MECHANISM OF ACTION
Cryotherapy achieves tissue destruction via two mechanisms, which include both 
immediate and delayed effects, while simultaneously preserving the cryo-resistant 
structures. The initial effect of cryotherapy is the formation of ice crystals by freezing 
the intracellular and extracellular water in the tissues. The ice crystals lead to the 
disruption of the cell membranes and protein denaturation. This creates an osmotic 
gradient, which draws water from the intracellular compartment leading to the cell 
dehydration and destruction[1-3]. The degree of cell death is similar to other 
modalities which are heat based like radiofrequency ablation (RFA) or argon plasma 
coagulation (APC) but this method preserves the architecture of the underlying tissue 
and the extracellular matrix which reduces scarring[1]. Cellular death of peripheral 
tissues that does not occur from direct injury by cryoablation may eventually die via 
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apoptosis, caused by activation of cytochrome C due to the mitochondrial injury[4,5].
The thawing process follows the initial freezing mechanism[6]. During this phase, 

there is fusion of intracellular ice crystals, with the maximum effect occurring at -20-
degrees-C to –50-degrees-C, which further damages the cell membranes. In addition, 
there is an indirect injury to the vascular endothelium via the fusion of ice crystals 
resulting in tissue necrosis and ischemia, due to the platelet aggregation, thrombus 
formation and regional hyperemia[7-9]. The risk of perforation in cryotherapy is 
decreased as collagen and elastin fibers are cryo-resistant as compared to the epithelial 
cells[10,11].

TYPES OF ENDOSCOPIC CRYOTHERAPY METHODS
Currently, the two types of endoscopic cryotherapy methods which are commercially 
available include liquid nitrogen cryotherapy and carbon dioxide (CO2) cryotherapy.

Liquid nitrogen cryotherapy
In this technique, a contact-free low-pressure spray of liquid nitrogen is delivered 
through a 7F catheter and reaches a temperature of -196-degrees-C, which freezes the 
GI mucosa (Figure 1). During this process, the catheter and the endoscope experience a 
rapid drop in temperature and become less compliant, which makes it difficult to 
operate the endoscope and/or move the catheter in the biopsy channel[2,12]. As 
nitrogen gas expands at room temperature, it leads to rapid cooling due to the Joule-
Thompson effect (rapid expansion of a gas leading to a change in temperature of a 
gas). To warm the cryoprobe, the depressurized gas can be vented out and a heating 
circuit within in the catheter is necessary to maintain pliability of the device[2,13].

Prior to liquid nitrogen cryotherapy, a 20 F dual-channel decompression oral-gastric 
tube is placed to allow for both active and passive gas venting to reduce the risk of GI 
perforation[14]. This is utilized because after the liquid nitrogen spray freezes the 
tissue, the warmth transforms it into nitrogen gas, which expands at a rate of 6-8 L in a 
20 s liquid nitrogen spray[15]. During the procedure, the abdomen is frequently 
examined by palpation, usually by an assistant, to ensure adequate decompression 
and to alert staff if distention is recognized[16].

CO2-based cryotherapy
In this technique, a compressed CO2 gas spray is applied through a catheter with a 
0.005-inch diameter tip opening. The CO2 gas reaches a temperature of -78-degrees-C 
and is delivered at a rate of 6-8 L/min at a pressure of 450-750 psi[14]. A suction cap is 
placed on the distal end of the endoscope which is connected to the CO2 evacuation 
system, and this allows venting of the CO2 gas build up to avoid distention[14,17]. The 
CO2 gas is vented simultaneously as cryotherapy is being delivered. Unlike liquid 
nitrogen cryotherapy, a heating circuit is not necessary since the endoscope and the 
catheter delivering the CO2 gas are not at risk of freezing[12].

Differences between liquid nitrogen cryotherapy and CO2 based cryotherapy: 
Several differences exist between liquid nitrogen cryotherapy and CO2 cryotherapy 
systems aside from the type of gases and temperatures utilized. Both systems can 
cause abdominal distension as the cryogen changes to a gaseous state, however, this is 
less problematic with the CO2-based system because of a low-profile catheter which 
evacuates the excess CO2. Both systems have issues with fogging of the endoscope 
lens, which compromises visualization. The CO2 based system is comparatively 
cheaper and can be stored at room temperature as compared to the liquid nitrogen 
system, which requires storage in expensive containers to maintain a temperature 
between 195.8-210-degrees-C[12,18].

Duration and dosage of cryotherapy: Cryotherapy involves two stepwise processes: 
Freezing and thawing, often performed in cycles. The amount of tissue injury caused 
by cryotherapy depends on the rate and duration of cooling, the number of freeze-
thaw cycles, and the distance from the target tissue to the origin of the spray. A critical 
limitation of cryotherapy is that dosimetry data for this technology is lacking, and is, 
for all intents and purposes, largely unknown. Initial dosing regimens on BE patients 
consisted of 3 cycles of 20 s each, which was changed to 4 cycles of 10 s each after over 
distention in a Marfans syndrome patient led to a gastric perforation. The clinical 
experience suggests that freeze times of 10-15 s may be efficacious for short term in 
ablation of BE[19].
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Figure 1 Liquid nitrogen cryotherapy for Barrett’s esophagus. A: Long segment Barrett’s esophagus pre-cryotherapy intervention under narrow band 
imaging; B: Application of liquid nitrogen cryotherapy in Barrett’s esophagus; C: Crystallization post cryotherapy in Barrett’s esophagus; D: Post cryotherapy changes 
seen in Barrett’s esophagus.

In a study performed in a porcine animal model, the CO2 system demonstrated a 
dose-dependent effect on tissue damage based on seconds of CO2 spray. A 15 s spray 
caused minimal necrosis, a 30 s spray caused damage to the submucosa and a 120 s 
spray caused damage to the muscularis propria[20]. In another porcine study, liquid 
nitrogen was sprayed for 10-60 s and did not appear to show a dose-dependent effect 
on tissue[21]. This emphasizes how poorly the technology is understood.

Despite our poor understanding of dosimetry, the varying doses of cryotherapy 
used to date have shown efficacy with an acceptable safety profile in clinical settings. 
It is believed that longer freeze times maybe needed for the palliative treatment of 
esophageal cancer. There is limited data describing the clinical outcomes to compare 
the various freeze durations and number of freeze-thaw cycles[19].

UTILITY OF CRYOTHERAPY IN VARIOUS GI ETIOLOGIES
BE
BE, first described in 1950 by Dr. Norman Barrett, a British thoracic surgeon, refers to 
replacement of normal squamous epithelium of the esophagus by columnar epi-
thelium, at least 1 cm above the gastro-esophageal junction, and is a precursor lesion 
of esophageal adenocarcinoma (EAC)[22]. Although the incidence of BE is increasing 
in the western world, the risk of EAC in patients with BE is now estimated to be at 
least 10 fold higher when compared to the general population[23].

BE is traditionally classified based on endoscopic length of salmon colored mucosa, 
as long segment BE (LSBE > 3 cm) or short segment BE (SSBE < 3 cm). However, the 
diagnosis of BE needs histological correlation in addition to endoscopic appearance, 
which takes into account replacement of esophageal squamous epithelium by 
columnar epithelium along with presence of goblet cells, a marker of intestinal me-
taplasia (IM)[22].

Endoscopic ablative techniques remain the treatment of choice for BE patients with 
dysplasia and/or early esophageal cancer without lymphatic spread[24]. The available 
endoscopic ablative techniques include RFA, photodynamic therapy and cryotherapy. 
RFA combined with endoscopic mucosal resection (EMR) has become the standard 
treatment for BE because of its demonstrated efficacy, cost effectiveness, and better 
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side effect profile[25]. For limited surface areas, APC and bipolar probes are a less 
expensive alternative compared to cryotherapy. However, these procedures may have 
higher BE recurrence rates[13,26,27].

Liquid nitrogen cryotherapy in BE: A pilot study of liquid nitrogen cryotherapy 
published in 2005 reporting on only 11 patients with BE and variable dysplasia 
achieved complete endoscopic and histologic eradication in 82% of patients[28]. A 
subsequent multi-center study of 77 patients utilizing liquid nitrogen cryotherapy 
therapy for BE high grade dysplasia (HGD), BE dysplasia, and BE IM achieved 
complete eradication at rates of 94%, 88% and 53%, respectively. Additionally, 
complete remission of intramucosal cancer and carcinoma was seen in all 7 patients. 
The most common adverse event (AE) was chest pain at 17.6%. Three patients 
developed a stricture which was successfully managed endoscopically with dilation. 
Gastric distention from liquid nitrogen therapy led to a perforation in a patient with 
Marfan’s syndrome[29].

A recent study by Ramay et al[30] looked at the efficacy of liquid nitrogen 
cryotherapy on BE-HGD and intramucosal adenocarcinoma (IMC). This study 
included 50 patients who were analyzed over 3 years and 40 patients who were 
analyzed over 5 years. The initial rates of complete remission of HGD, dysplasia, and 
IM were 98%, 90%, and 60% and were found to be comparable at 3 and 5 years. 
Incidence rates of recurrent IM, dysplasia, and HGD/EAC on follow-up after initial 
complete eradication of IM were 12.2%, 4.0%, and 1.4% per person-year for the 5-year 
cohort.

Cryotherapy ablation compared against RFA for BE: A recently published non-
inferiority trial comparing RFA with liquid nitrogen cryotherapy in 31 patients with 
HGD and early adenocarcinoma found similar results between the two groups. 
Complete remission of BE in patients undergoing RFA vs liquid nitrogen was 21% vs 
12%, respectively. Pain scores were significantly lower in the liquid nitrogen 
cryotherapy group as compared to the RFA group. There was no major procedure 
related AEs. These results are preliminary as we are awaiting results of the complete 
trial[31]. Similar findings were demonstrated in a different study regarding lower post 
procedure pain scores in those undergoing liquid nitrogen cryotherapy as compared to 
RFA[32].

A retrospective study with 154 patients were treated for Barrett’s dysplasia, IM or 
HGD with either RFA or liquid nitrogen cryotherapy. Complete remission of HGD 
was comparable between both groups at 88%. Complete remission of IM was more 
successful in RFA vs cryotherapy (67% vs 41%) and statistically significant. Complete 
remission of dysplasia was also comparable between RFA vs cryotherapy (88% vs 79%)
[33]. Similar results were also seen in a recent retrospective study by Fasullo et al[34] 
which included 100 patients in the RFA group and 62 patients in the liquid nitrogen 
cryotherapy group.

Cryotherapy has several potential advantages over RFA, which include fewer 
complications (pain, stricture), cost effectiveness and a no contact technique. 
Disadvantages of cryotherapy include the following: abdominal distention due to gas, 
difficulty in visualization during the endoscopic procedure due to freezing of tissue 
and barotrauma, poor dosimetry, and limited outcome data compared to RFA.

CO2 cryotherapy in BE: Data to establish the durability of CO2 cryotherapy as a 
treatment for BE is limited. In a single center study of 64 patients with BE reported 
complete remission of IMC, HGD and IM in 77%, 94% and 55% of patients, res-
pectively[35]. This was the largest study demonstrating the safety and long-term 
efficacy results of CO2 cryotherapy and the results were comparable to that seen with 
liquid nitrogen cryotherapy[35].

According to a small single center prospective case series of 10 patients, a negative 
experience led to an early termination of a study due to an insufficient effect of CO2 
cryoablation in BE and early neoplasia. Most patients underwent EMR prior to 
cryotherapy. Complete remission of IM and dysplasia in 9 patients was reported to be 
11% and 44% at the 6 mo follow up, respectively. Two noteworthy AEs included 
gastric perforation and esophageal laceration[36].

Cryoballoon focal ablation system using nitrous oxide for BE: A cryoballoon-based 
system is the most recent developed endoscopic cryotherapy system and ablates 
mucosa via direct contact of an inflated balloon tip catheter filled with nitrous oxide
[14,37]. The balloon reaches temperatures close to -80-degrees-C[38]. The device has 
been slow to achieve widespread commercial release.
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In a study published the same year by Sawas et al[39], 42 patients underwent 
cryoballoon focal ablation system (CbFAS) of which 37 had unsuccessful prior BE 
treatments indicating a more challenging cohort. Complete remission of dysplasia and 
IM were achieved in 54.8% and 9.5% of patients over a mean follow up period of 7.5 ± 
5.7 mo.

A multicenter non-randomized comparative study of 46 patients utilizing CbFAS vs 
RFA showed comparable outcomes (88% vs 90%) for SSBE regression. There were 20 
patients in the CbFAS group and 26 in the RFA group. Peak pain and duration of pain 
was reported to be significantly lower in the CbFAS group[40].

Canto et al[41] recently published a large multicenter trial on 120 patients of which 
45% had previously received EMR for BE. The rates of complete remission of dysplasia 
and IM rates in 94 patients who have completed 12 mo of follow up are 97% and 91%, 
respectively. Fifteen patients developed strictures, which were treated with dilation. 
Three other patients developed serious AEs: 1 perforation after stricture dilation, 1 
deep laceration after dilation, and 1 upper GI bleed. So far BE has not been seen on 
follow up biopsies post CbFAS. This is the largest trial to date representing the efficacy 
of CbFAS for BE.

Outcomes regarding this technique are variable and require confirmation by further 
studies. There are a few clinical trials being conducted for CbFAS effect on BE and we 
await their results.

CbFAS compared to liquid nitrogen cryotherapy for BE: Recently, a retrospective 
study compared cryoballoon therapy to liquid nitrogen cryospray. Forty-six patients 
were treated with CbFAS and 25 were treated with liquid nitrogen cryospray. They 
reported the complete eradication rates of dysplasia and IM to be comparable at 95.6% 
vs 96% and 84.75% vs 80% in the cryoballoon group vs liquid nitrogen cryospray 
group, respectively. Strictures were reported in 4 of the cryoballoon patients and 3 of 
the cryospray patients, which were treated with dilation. The authors reported 
cryoballoon to be more convenient since it uses cartridges prefilled with nitrous oxide 
as compared to handling a large nitrogen tank. In instances where patients had a large 
hiatal hernia, needed to be treated in a retroflexed position, or required a large surface 
area to be targeted, liquid nitrogen cryospray was used instead[37].

Gastric antral vascular ectasia
Gastric antral vascular ectasia (GAVE), also known as ‘watermelon stomach’, is an 
uncommon cause of GI bleeding but can often cause clinically significant chronic and 
severe bleeding. The prevalence of GAVE is estimated to be 0.3% in a large endoscopic 
series and 4% in highly selected cohorts for obscure GI bleeding. It is often misdia-
gnosed as antral gastritis and can be difficult to differentiate from portal hypertensive 
gastropathy[42,43]. Majority of patients with GAVE become transfusion dependent 
despite iron supplementation[43,44]. The best approach for the treatment has not yet 
been identified but the standard treatment in most countries is endoscopy based. APC 
has been a preferred treatment, however, can be very labor intensive due to the large 
surface area covered and multiple sessions required. Moreover, patients can develop 
recurrence overtime and may become transfusion dependent[45]. Cryotherapy is 
another intervention that has been utilized for GAVE, but the data is limited.

The etiology of GAVE is poorly understood however the histopathology demo-
nstrates specific abnormalities involving mucosa and lamina propria[44]. It is 
commonly associated in patients with cirrhosis, renal disease, cardiac disease and 
autoimmune disease such as scleroderma[46]. There are 4 alterations seen: Vascular 
ectasia of mucosal capillaries, focal thrombosis, spindle cell proliferation and 
fibrohyalinosis consisting of homogenous substance around the ectatic capillaries of 
lamina propria[42]. By utilizing cryotherapy, superficial necrosis of the mucosa and 
submucosa occur followed by re-epithelialization[12].

CO2 based cryotherapy for GAVE: In a single center pilot study by Cho et al[47], 12 
patients with GAVE received 36 CO2 based cryotherapy treatments with complete 
response in 50% and partial response in 50%. Eight patients in this cohort had prior 
unsuccessful APC treatments of which 6 had complete response after CO2 based 
cryotherapy. There were no immediate cryotherapy related complications. Some late 
complications seen on follow up endoscopy included bleeding from a disrupted 
Schatzki’s ring and minor scarring/ulceration in the gastric antrum.

CbFAS with nitrous oxide for GAVE: In a pilot study of 7 patients, complete era-
dication was seen in 71% after undergoing CbFAS with nitrous oxide. All patients had 
undergone laser, thermal and APC intervention previously without success. No major 
AE occurred related to cryotherapy[48]. In another study of 23 patients utilizing 
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CbFAS, 83% of patients were transfusion independent and 87% had more than 75% 
eradication of their GAVE at 6 mo[46]. Similar result was reported in a case report 
using CbFAS in a patient with GAVE who had failed previous treatment with APC
[49].

Cryotherapy for GAVE has seemingly promising results but has limited data and 
requires further investigation with larger trials. One major advantage of cryotherapy 
in comparison to APC is that it can treat larger surface areas in a shorter amount of 
time.

Radiation proctitis
One of the most frequent complications after radiation therapy for pelvic malignancies 
is radiation proctitis[50,51]. The consensus has been that the incidence is related to the 
dose of radiation, exposure area, delivery method and the use of cytoprotective agents. 
The dose for most treatments is 45-50 Gy and up to 90 Gy. Complications are less for 
doses from 45-70 Gy, but doses above 70 Gy cause significant long-standing damage. 
Depending on the type of radiation therapy used, the incidence for proctitis varies 
from 1% to as high as 39%[50].

Radiation proctitis can be acute or chronic. Acute proctitis is an inflammatory 
process occurring within 3 mo of the initial therapy and is usually self-limiting after 
the radiation treatment has stopped. The treatment of acute proctitis is generally 
supportive with hydration, anti-diarrheal, steroids or 5-aminosalicylic acid enemas. 
Chronic proctitis on the other hand, can start during the acute phase of radiation but 
symptoms do not become obvious until the treatment is stopped around a median of 
8-12 mo[52,53]. The treatment for chronic proctitis involves non-invasive methods 
such as anti-inflammatory agents, sucralfate, short-chain fatty acids, hyperbaric 
oxygen, antioxidants, or more invasive methods such as ablation and surgery. Invasive 
methods are reserved for refractory symptoms that have failed medical management. 
The ablation methods involve formalin, endoscopic coagulation with APC, yttrium-
aluminum-garnet laser or potassium titanyl phosphate laser, cryotherapy, bipolar 
electrocoagulation, and hyperbaric oxygen[50,51,54,55]. Surgery carries the risk of 
morbidity and mortality[56]. APC has shown to be an effective and safe treatment for 
chronic proctitis with success rates of 80%-95% for bleeding cessation, but controlled 
trials are lacking[51,57,58]. Complications from these therapies may result in deep 
tissue injuries like ulcerations, perforation and fistulas, whereas cryotherapy has the 
potential to avoid these problems since the ablation of the mucosa is superficial[57].

CbFAS with nitrous oxide for radiation proctitis: In a small pilot study of 7 patients 
who underwent nitrous oxide cryotherapy, 100% resolution of lower GI bleeding was 
observed with no major AE. All patients had previous unsuccessful treatment with 
APC[48].

Liquid nitrogen cryotherapy for radiation proctitis: In a small prospective study of 10 
patients who underwent liquid nitrogen cryoablation, the rectal telangiectasia density 
improved in 70% and the symptom severity scores improved in 80%. Cecal perforation 
due to gaseous overdistention occurred in 1 patient and was managed surgically. 
Rectal ulceration occurred in another patient, which improved from conservative 
management[57]. Similar results were seen in another small prospective study of 10 
patients. There were no major complications[55].

Differences between APC and cryotherapy for radiation proctitis: Best results with 
APC have been achieved in mild to moderate radiation proctitis but its role has been 
limited for severe disease. Cryotherapy on the other hand has shown efficacy in 
patients with refractory chronic radiation proctitis[59]. Utilization of APC as compared 
to cryotherapy can be very time consuming, require bowel preparation to reduce the 
risk of perforation and may require multiple sessions. Cryotherapy can also be carried 
out with little or no sedation[55]. Larger studies need to be conducted to validate these 
findings and to determine the role of cryotherapy in acute and chronic radiation 
proctitis.

Squamous cell carcinoma and adenocarcinoma of esophagus
Treatment of symptoms: Dysphagia can be a debilitating symptom in patients with 
inoperable esophageal carcinoma. Further, it can lead to malnutrition and significant 
decrease in overall quality of life. Currently the two most common palliative tre-
atments included radiation therapy or esophageal stent placement[60]. These methods 
may have advantages, but their disadvantages can impair quality of life as well.
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In a case series of 49 patients with inoperable malignant dysphagia, 120 liquid 
nitrogen cryotherapy sessions were conducted, and overall dysphagia scores had 
improved. Minor AEs were seen in 5% with one patient developing a dilation-related 
perforation[60]. Cryotherapy may be an alternative treatment option for improving 
dysphagia with minimal side effects in esophageal carcinoma, however larger studies 
are needed.

Treatment of EAC and squamous cell cancer: Globally, squamous cell carcinoma of 
the esophagus comprises 80% of all esophageal carcinomas. These patients have a poor 
prognosis, however, if diagnosed at the stage of squamous cell neoplasia, then curative 
endoscopic therapy can be performed. Currently, there is limited data assessing its 
overall effectiveness.

Cryoballoon focal ablation with liquid nitrous oxide for esophageal cancer: In a 
prospective trial from China of 80 patients, CbFAS was utilized in patients with one 
flat intraepithelial neoplasm that was less than 6 cm. Complete eradication occurred in 
90% after a single treatment. At the one-year mark, 97% had complete eradication and 
one had a persistent moderate grade intraepithelial neoplasia. Self-limiting lacerations 
of the mucosa occurred in 3 patients and no strictures developed[61]. Cryotherapy 
with CbFAS seems promising, but further studies are needed.

Liquid nitrogen cryotherapy for esophageal cancer: Cash et al[62] had described a 73-
year-old male with stage 3 squamous cell carcinoma of the esophagus who was not a 
candidate for radiation therapy or surgery, and he achieved complete remission for 24 
mo after treatment with liquid nitrogen cryotherapy. The patient did develop a signi-
ficant stricture, which required several dilations, steroid injections, and temporary 
stenting.

Tsai et al[63] conducted a prospective study utilizing liquid nitrogen cryotherapy in 
patients with EAC. Eighty-eight patients were analyzed with stages T1a-T2. Complete 
eradication rates in patients with T1a and T2 were 76.3% and 6.7%, respectively. The 
most common side effect was stricture and developed in 13.6% of patients. Cryo-
therapy may be of benefit for treatment in early disease.

Another study done by Ramay et al[64] utilized liquid nitrogen cryotherapy for 
palliation in patients with both invasive adenocarcinoma and squamous esophageal 
carcinoma. At fifty months, 50% (26) of patients remained alive after treatments. There 
were few AEs including hematemesis in one patient and stricture formation in 3 with 2 
requiring dilations. Overall this method may be a viable treatment palliative treatment 
option, however larger scale studies are needed.

Survival benefits in metastatic disease: Beyond treatment, another study assessed the 
impact on overall survival in patients with metastatic esophageal carcinoma. This 
study retrospectively studied 83 patients with stage IV metastatic esophageal cancer. 
Thirty-nine patients received chemotherapy alone and 44 patients received 
chemotherapy and palliative liquid nitrogen cryotherapy. All patients that underwent 
treatment with cryotherapy had malignant dysphagia. The median overall survival 
was 19.2 in cryotherapy with chemotherapy and 9.5 mo in with chemotherapy alone. 
This study demonstrated that cryotherapy might have survival benefits for patients 
with metastatic esophageal cancer. While the etiology for this is unknown, the authors 
of the study postulated that cryotherapy can improve dysphagia and thus nutritional 
status[65].

The role for cryotherapy in palliative treatment of esophageal carcinoma and 
symptomatic improvement is promising however larger scale studies are needed.

Other uses for cryotherapy
Liquid nitrogen cryotherapy followed by dilation (cryodilation) has been utilized in 
benign tracheal strictures and stenoses by pulmonologists and thoracic surgeons with 
improved airway narrowing. Recently a case report described its use in a patient with 
a benign refractory esophageal stricture who had previously undergone an eso-
phagectomy for an EAC. The patient underwent 7 procedures with liquid nitrogen 
cryotherapy followed by dilation. Each procedure incorporated 20 s of cryotherapy 
and 60 s of thaw time for a total of 3 freeze-thaw cycles followed by stricture dilation 
to 18 mm. The patient’s dysphagia had improved, and weight loss was no longer an 
issue. This procedure was useful in a patient with refractory esophageal stricture, 
however its role has yet to be established and further randomized controlled trials are 
needed to evaluate its safety and efficacy in a larger population[66].
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CONCLUSION
Endoscopic cryotherapy is a promising and growing field. First demonstrated in BE, 
the use now spans from cancer treatment to symptomatic improvement in GAVE. 
Most studies done have been on small populations. Large scale randomized control 
studies are needed to determine the overall effectiveness and utility of endoscopic 
cryotherapy in treatment of various GI disorders. The ease of use and the ability for 
relatively safe and noninvasive procedures makes it a very promising modality for the 
future.
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Abstract
Obesity is the abnormal accumulation of fat or adipose tissue in the body. It has 
become a serious health problem in the world in the last 50 years and is consi-
dered a pandemic. Body mass index is a widely used classification. Thus, obese 
individuals can be easily classified and standardized. Obesity is the second cause 
of preventable deaths after smoking. Obesity significantly increases mortality and 
morbidity. We thought of preparing a publication about routine procedures for 
the preoperative evaluation of obesity. The question that we asked as bariatric 
and metabolic surgeons but which was not exactly answered in the literature was 
“Is esophagogastroduodenoscopy (EGD) necessary before bariatric surgery?” We 
found different answers in our literature review. The European Association of 
Endoscopic Surgery guidelines recommend EGD for all bariatric procedures. They 
strongly recommend it for Roux-en-Y gastric bypass (RYGB). As a result of a 
recent study by the members of the British Obesity & Metabolic Surgery Society, 
preoperative EGD is routinely recommended for patients und-ergoing sleeve 
gastrectomy, even if they are asymptomatic, but not recommended for RYGB. It is 
recommended for symptomatic patients scheduled for RYGB. According to the 
International Sleeve Gastrectomy Expert Panel Consensus Statement, preoperative 
EGD is definitely recommended for patients scheduled for sleeve gastrectomy, 
but its routine use for RYGB is controversial. However, a different view is that the 
American Society for Gastrointestinal Endoscopy recom-mends endoscopy only 
for symptomatic patients scheduled for bariatric surgery. In the literature, the 
primary goal of EGD recommended for sleeve gastrectomy has been interpreted 
as determining esophagitis caused by gastroesophageal reflux. In the light of the 
literature, it is stated that this procedure is not necessary in America, while it is 
routinely recommended in the European continent. Considering medicolegal 
cases that may occur in the future, we are in favor of performing EGD before 
bariatric surgery. In conclusion, EGD before bariatric surgery is insurance for both 
patients and physicians. There is a need for larger and prospective studies to 
reach more precise conclusions on the subject.
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Core tip: The European Association of Endoscopic Surgery guidelines recommend 
esophagogastroduodenoscopy (EGD) for all bariatric procedures. They strongly 
recommend it for Roux-en-Y gastric bypass (RYGB). The British Obesity & Metabolic 
Surgery Society recommends routine perioperative EGD for sleeve gastrectomy (SG), 
even if patients are asymptomatic, but not for RYGB. It is recommended for 
symptomatic patients scheduled for RYGB. According to the International Sleeve 
Gastrectomy Expert Panel Consensus Statement, preoperative EGD is definitely 
recommended for SG, but its routine use for RYGB is controversial. The American 
Gastrointestinal Endoscopy Association recommends that endoscopy be performed 
only on symptomatic patients scheduled for bariatric surgery.

Citation: Kanat BH, Doğan S. Is gastroscopy necessary before bariatric surgery? World J 
Gastrointest Endosc 2022; 14(1): 29-34
URL: https://www.wjgnet.com/1948-5190/full/v14/i1/29.htm
DOI: https://dx.doi.org/10.4253/wjge.v14.i1.29

INTRODUCTION
Obesity is the accumulation of excess fat in the body. It is defined by body mass index 
(BMI). BMI is calculated by dividing body weight in kilograms by the square of height 
in meters. It is an easy and practical method. Obesity is a serious global public health 
problem and is considered a pandemic. It is the second most common preventable 
cause of death after smoking[1-5].

According to the data of the World Health Organization, it is predicted that in 2030, 
approximately 60% of the world’s population will be affected by and 1.1 billion people 
will be obese[6]. It has been reported that the prevalence of obesity in Turkey has 
increased in parallel with that in other European countries and has reached high rates 
of 37% of overweight individuals and 36% of obese individuals[1]. Obesity causes 
more than 700 billion dollars of health expenditure globally every year.

Studies such as waist-to-hip ratio, skinfold thickness, bioelectrical impedance 
analysis, computed tomography, magnetic resonance imaging, dual energy radiog-
raphic absorptiometry, and air densitometry are used to define obesity[2,4,7-9].

The etiology of obesity is multifactorial. Genetic and environmental factors are 
diverse.

Obesity is a disease that is difficult to treat. It is necessary to follow step by step the 
treatment algorithm. The first step includes healthy eating and lifestyle changes. 
Exercise is added to the first step treatment in second-line therapy. Behavioral changes 
are added to the third-line treatment. In the fourth-line treatment, additional drug 
therapy is added to these. Surgical treatment remains the only option for patients who 
fail despite all these treatments.

Surgery is not completely safe and can cause fatal complications. The disadvantages 
of drug treatments are the high number of undesirable side effects, limited effects, and 
rapid weight gain when patients stop taking drugs[10,11]. The aim of surgical 
treatment is to reduce morbidity and mortality due to obesity. Providing long-term 
permanent weight loss with bariatric surgery reduces the metabolic effects of obesity 
and increases survival. Bariatric surgery can reduce > 50% of excess weight. Compared 
to nonsurgical methods, surgery causes more effective and permanent weight loss in 
the long term. In a study conducted by Çoşkun et al[12], it was shown that in obese 
patients who underwent gastric bypass, it provided a 16.4 kg/m2 reduction in BMI in 1 
year.

Today, it is generally accepted that bariatric surgery is the most effective and 
permanent method used in the treatment of obesity. Studies on bariatric surgery have 
been carried out and clear information and algorithms about which surgical procedure 
to choose for which patient, postoperative complications and what should be 
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Table 1 Benefits of gastroscopy before bariatric surgery

Possible finding Effect

Detection of gastroesophageal reflux disease Selection of surgical technique

Evaluation of esophagitis Selection of surgical technique

Selection of surgical techniqueEvaluation of gastric mucosa (with biopsy result)

Selection of stapler to be used

Evaluation of gastric outlet obstruction Selection of surgical technique

Prediction of additional procedure

Helicobacter pylori test Treatment plan

Detection of possible malignancy Canceling the surgery

Polyp excisions Postponing the surgery until the pathology result

Selection of surgical techniqueDetection of alkaline reflux gastritis

Treatment planning

Selection of surgical techniqueDetection of hiatal hernia

Prediction of additional procedure

considered when dealing with them, and postoperative diet and follow-up issues have 
been created by various centers. However, this is not the case for preoperative 
preparation. Routine preoperative examinations are performed in obese patients 
before each operation.

The main theme of this article is esophagogastroduodenoscopy (EGD), which is part 
of the gastrointestinal evaluation before bariatric surgery. Our aim is to clarify whether 
routine EGD examination is necessary before bariatric surgery. In our clinic, we 
perform routine EGD in all patients before bariatric surgery and colonoscopy in 
patients who need it.

However, while discussing in the article, we made an independent evaluation in the 
light of the literature, except for our practice.

IS GASTROSCOPY NECESSARY BEFORE BARIATRIC SURGERY?
Routine preoperative EGD screening is controversial in patients undergoing bariatric 
surgery. There are surgical societies that recommend and do not recommend routine 
EGD screening to detect suspected gastric lesions/findings. To begin with, we should 
state the views of two separate associations.

The European Association of Endoscopic Surgery guidelines recommends EGD for 
all bariatric procedures, and strongly recommends it for Roux N-Y gastric bypass 
(RNYGB)[13]. The American Gastrointestinal Endoscopy Association recommends 
endoscopy only for symptomatic patients scheduled for bariatric surgery[14].

Schigt et al[15] stated that the standard preoperative evaluation of EGD in bariatric 
patients is not indicated because a high number of patients need to be screened to find 
clinically significant abnormalities. Gómez et al[16] identified age > 55 years and 
gastroesophageal reflux disease as risk factors on endoscopy screening. They 
concluded that although abnormalities are common in preoperative EGD, they rarely 
change the surgical treatment technique due to these findings. Due to the poor 
correlation between patients’ complaints and endoscopic findings, routine preo-
perative endoscopy may be useful in detecting both lesion and inflammation[17-19].

Schlottmann et al[20] reported that 29.4% of asymptomatic patients were found to 
have abnormal findings by EGD.

The rate of conditions such as hiatal hernia, gastritis, or esophagitis detected during 
preoperative EGD of a patient who will undergo bariatric surgery with or without 
symptoms is as high as 62%–67%. Preoperative EGD is important before bariatric 
surgery[21]. Malignant findings are not commonly detected by EGD in patients 
undergoing bariatric surgery. For example, Wolter et al[22] in a study of 801 patients, 
found that malignancy was observed in 0.5% of all patients. D’Hondt et al[23] found 
two cases of distal adenocarcinoma in the esophagus during preoperative EGD in 371 
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patients with gastric banding. Praveenraj et al[24] did not find malignant lesions 
during EGD in 613 bariatric patients. However, they reported a case of low-grade 
gastric-mucosa-associated lymphoid tissue lymphoma after histopathological 
evaluation of tissue biopsies.

Wolter et al[22] recommends performing routine endoscopy before bariatric surgery 
to predict possible malignant lesions. Mihmanli et al[25] in their series of 157 cases, 
reported that one case changed the operation type as a result of preoperative 
endoscopic examination. Gómez et al[16] have changed only 1.7% of surgical operation 
types in routine bariatric preoperative endoscopy.

The results of histopathological examination of the excised gastric sample can give 
information about the prevalence of malignant cases, especially after laparoscopic 
sleeve gastrectomy (LSG). In a meta-analysis of 48 different articles, it was reported 
that the rate of total surgical procedures ranged from 4% to 7.8%. According to the 
pathology results of all cases, malignancy was found in 0.4%[26].

Yormaz et al[27] studied 232 patients and argued that performing preoperative EGD 
would decrease postoperative complications. They talked about the importance of 
EGD findings in surgery selection. They recommended preoperative EGD to only 
symptomatic patients.

A recent study of Members of the British Obesity & Metabolic Surgery Society 
found that 10% of clinics dealing with bariatric surgery in the UK considered 
preoperative EGD to be completely unnecessary, and 31% showed that they included 
it in their routine preoperative evaluations. Important findings were detected in 23% 
of the patients scheduled for SG. As a result, the British Obesity & Metabolic Surgery 
Society recommends EGD routinely in the preoperative period, even if patients 
undergoing SG are asymptomatic, but not for RNYGB. They recommend RNYGB to 
planned symptomatic patients[28].

It is important to determine esophagitis with gastroesophageal reflux as the main 
purpose of EGD recommended for SG. It is estimated that sleeve gastrectomy in such 
patients worsens the situation and increases the risk of cancer in the long term[29]. 
Already, according to the International Sleeve Gastrectomy Expert Panel Consensus 
Statement, severe esophagitis and Barret esophagus are contraindications for SG[30]. 
Therefore, preoperative EGD is definitely recommended for patients who are planned 
to undergo SG. In contrast, routine use of RNYGB is controversial.

Mihmanlı et al[25] retrospectively evaluated 157 patients who underwent EGD 
before bariatric surgery (SG or RNYGB) between March 2013 and March 2015. They 
obtained abnormal findings in 67% of these patients. Only 17% of these patients were 
symptomatic cases. EGD findings classified 54% of gastritis, 10% of esophagitis, 17% of 
hiatal hernia, 5% of gastric ulcer, and 3% of other cases. Helicobacter pylori was positive 
in 62% of the patients.

Mazahreh et al[31] prospectively evaluated 219 patients scheduled for LSG, and 1 
year later, all individuals were evaluated for the presence of symptomatic gastroeso-
phageal reflux disease, and no significant difference was found between the two 
groups, so they stated that they did not require routine EGD. Gastric biopsy was 
performed on 148 patients. Chronic inflammation was found in 65%, inflammatory 
activity in 32%, and intestinal metaplasia in 2%. While endoscopic findings caused the 
operation to be delayed in 54% of the patients, it caused the surgical procedure to be 
changed in one patient due to the heterotopic pancreatic tissue. Mihmanlı et al[25] 
showed that more than half of the obese patients (54%) had a disease that required 
perioperative treatment (67%) and recommended EGD before bariatric surgery.

While EGD is not routinely recommended before bariatric surgery in the American 
continent, it is recommended in the European continent. In cases where it is not 
possible to see the remaining part of the stomach such as mini-gastric bypass, it is 
useful to make the final evaluation of the stomach.

Performing EGD in a patient with no complaints has negative aspects in terms of 
time, cost, and any complications that may develop during the procedure. Of course, 
the advantages of this process are too many to ignore, such as the capture of a 
premalignant or malignant lesion. It will provide early diagnosis and treatment. It will 
improve the patient’s quality of life.

The cost–benefit analysis of routine EGD in each patient may also be a matter of 
debate, which naturally will increase the cost of this procedure.

CONCLUSION
EGD before bariatric surgery is an insurance for both patients and physicians. When 
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endoscopy is used perioperatively, it will be more comfortable to use preoperatively. 
Unfortunately, a missed case of stomach tumor can incur a great cost. This is also life-
threatening. Benefits of gastroscopy before bariatric surgery are summarized in 
Table 1. Larger and prospective studies are needed to yield more precise results on the 
subject. Regional, national and international associations should create an algorithm 
on this issue within a short time. Thus, a worldwide standard should be provided for 
health care. An end must be found to these long-running discussions.
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Abstract
Endoscopic ultrasound (EUS) has emerged as an invaluable tool for the diagnosis, 
staging and treatment of pancreatic ductal adenocarcinoma (PDAC). EUS is 
currently the most sensitive imaging tool for the detection of solid pancreatic 
tumors. Conventional EUS has evolved, and new imaging techniques, such as 
contrast-enhanced harmonics and elastography, have been developed to improve 
diagnostic accuracy during the evaluation of focal pancreatic lesions. More 
recently, evaluation with artificial intelligence has shown promising results to 
overcome operator-related flaws during EUS imaging evaluation. Currently, an 
appropriate diagnosis is based on a proper histological assessment, and EUS-
guided tissue acquisition is the standard procedure for pancreatic sampling. 
Newly developed cutting needles with core tissue procurement provide the pos-
sibility of molecular evaluation for personalized oncological treatment. Interven-
tional EUS has modified the therapeutic approach, primarily for advanced 
pancreatic cancer. EUS-guided fiducial placement for local targeted radiotherapy 
treatment or EUS-guided radiofrequency ablation has been developed for local 
treatment, especially for patients with pancreatic cancer not suitable for surgical 
resection. Additionally, EUS-guided therapeutic procedures, such as celiac plexus 
neurolysis for pain control and EUS-guided biliary drainage for biliary 
obstruction, have dramatically improved in recent years toward a more effective 
and less invasive procedure to palliate complications related to PDAC. All the 
current benefits of EUS in the diagnosis and management of PDAC will be 
thoroughly discussed.
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Core Tip: Endoscopic ultrasound (EUS) is currently an essential tool in the diagnostic 
work-up and treatment of pancreatic cancer. Contrast-enhanced harmonics, 
elastography and artificial intelligence provide additional information in the evaluation 
of focal pancreatic lesions to improve diagnostic accuracy during EUS evaluation. 
Interventional EUS has dramatically improved the palliative treatment of patients with 
pancreatic cancer, basically for local ablation therapies, adequate pain control with 
celiac plexus neurolysis and EUS-guided biliary drainage for the treatment of biliary 
obstruction.

Citation: Salom F, Prat F. Current role of endoscopic ultrasound in the diagnosis and 
management of pancreatic cancer. World J Gastrointest Endosc 2022; 14(1): 35-48
URL: https://www.wjgnet.com/1948-5190/full/v14/i1/35.htm
DOI: https://dx.doi.org/10.4253/wjge.v14.i1.35

INTRODUCTION
Pancreatic cancer is a serious oncological condition with a very poor outcome and 
survival. Pancreatic ductal adenocarcinoma (PDAC) is the most frequent pancreatic 
cancer, which represents 85% of the pathological diagnoses[1]. It is the 14th most 
common cancer and has the 7th highest cancer-related mortality in the world[2], and it 
has the fourth highest mortality in the United States[3]. The incidence is increasing, 
mainly in the Western world. It is predicted to increase to the second most common 
cause of cancer-related death in the United States and Western Europe by 2030[4]. The 
5-year survival rate is very low, ranging from 2% to 9%. The most important factor 
that influences survival is tumor stage at diagnosis, although only 20% of patients are 
candidates for surgical resection at the time of diagnosis[5,6]. Its indolent clinical 
presentation, proximity to major vessels and absence of accurate serum markers and 
imaging modalities for early diagnosis are features that complicate early detection and 
screening for this severe disease. However, an accurate histological diagnosis and 
proper staging are essential in the treatment strategy of pancreatic cancer.

Multidetector computed tomography (MDCT) is the mainstay imaging technique 
for the evaluation of solid pancreatic lesions suggestive of potential PDAC, not so 
much for adequate characterization of the lesion as for accurate staging of potential 
malignant disease[7]. Preoperative evaluation for surgical resectability is currently 
based on MDCT staging[8]. Magnetic resonance imaging (MRI) is also an interesting 
imaging modality, but it does not reach the accuracy of MDCT with regard to resect-
ability and particular vascular involvement[9].

Endoscopic ultrasound (EUS) was introduced in the 1980s as a high-precision tool 
for the analysis of the gastrointestinal wall and adjacent structures. High-quality 
images that have dramatically improved over time and the proximity of the transducer 
to the pancreatic parenchyma make EUS an invaluable tool for the description of 
pancreatic parenchyma and, thus, for pancreatic cancer diagnosis and staging.

The performance of EUS has been compared with that of computed tomography 
(CT) for pancreatic cancer staging. A meta-analysis did not find any difference in 
determining tumor resectability when these two techniques were compared[10]. 
However, rapid and recent progress in CT technology and the ability to review CT 
scan imaging studies during multidisciplinary meetings for treatment planning make 
CT the method of choice for initial staging and subsequent follow-up. In contrast, EUS 
has a higher sensitivity for the detection of solid pancreatic tumors, mainly for lesions 
under 2 cm in diameter, when compared with CT and MRI[11]. Hence, EUS is the 
preferred imaging technique for the screening of pancreatic cancer in high-risk 
populations[12]. Due to the benefits of EUS imaging provides in pancreatic cancer 
evaluation, many additional technological tools have been developed in recent years to 
try to improve the quality of EUS imaging and increase the diagnostic accuracy of this 
technique. In addition, the availability of large working channel linear array probes, or 
“therapeutic EUS scopes”, has opened a new range of possibilities beyond tissue 
acquisition for an accurate pathological diagnosis. It is also highly useful for 
therapeutic interventions, mainly for the palliation of pancreatic cancer-associated 
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symptoms or to deliver targeted local treatment. The role of EUS in the evaluation and 
treatment of pancreatic cancer will be thoroughly discussed.

ANCILLARY EUS IMAGING TECHNIQUES FOR PANCREATIC CANCER 
EVALUATION
Contrast-enhanced harmonic EUS
Contrast-enhanced (CE) harmonic EUS is an ultrasonographic technique that uses a 
microbubble-based contrast agent (Sonovue™, Sonazoid™ or Definity™, depending 
on local market availability) to visualize vascularization and perfusion patterns in the 
liver, pancreatic parenchyma or lymph nodes. This technique was made available for 
EUS during the late 2000s. Harmonic components of the signal generated by 
intravenously injected microbubbles improve the evaluation of the microcirculation 
without Doppler-related artifacts[13]. Two main features are evaluated during contrast 
evaluation: one is the enhancement of the lesion with the contrast agent, which can be 
non-, hypo-, iso- or hyperenhancement, and the second is the contrast distribution, 
which can be classified as homogeneous or heterogeneous. Regarding focal pancreatic 
lesions, contrast is a useful tool to differentiate pancreatic adenocarcinoma from other 
focal lesions. Whereas pancreatic adenocarcinoma has a hypoenhanced pattern, other 
focal lesions, such as neuroendocrine tumors, metastatic lesions and inflammatory 
diseases, are either iso- or hyperenhanced[14,15]. Two different meta-analyses have 
shown a pooled sensitivity between 92% and 93% and a pooled specificity between 
87% and 88% for the differential diagnosis between pancreatic cancer and other focal 
pancreatic lesions[16,17]. CE-EUS also plays a role in patients with suspected 
pancreatic adenocarcinoma, but negative results after EUS fine needle aspiration 
(FNA), mainly in the setting of chronic pancreatitis, improve biopsy targeting at a 
second attempt[18,19]. Finally, CE-EUS is an important tool in deciding between 
surgery or surveillance of focal lesions with a negative or inconclusive histological 
diagnosis after EUS FNA or FNB. Being an operator-dependent procedure is one of the 
pitfalls of CE-EUS, but this disadvantage has been counterbalanced by an optimized 
technique of quantification analysis including a time-intensity curve for the region of 
interest[20,21].

Elastography
Elastography is an ancillary technique for the endosonographic evaluation of solid 
pancreatic lesions that evaluates tissue stiffness. There are two different types of 
elastography, namely, strain and shear wave elastography. However, only strain 
elastography is available for EUS, which measures tissue distortion after applying a 
predetermined pressure. Three different elastography measurements are available: 
The pattern of recognition in which the stiffness is defined by colors in which green 
represents the normal pancreatic tissue stiffness, blue stands for hard tissue and red 
represents softer tissue. This measurement is highly operator-dependent and does not 
provide objective information. The second measure, called the strain ratio, is a method 
of stiffness comparison between the target area and a reference area in a grayscale 
image. The distance and the selected area of reference can induce some bias with this 
technique[22]. Finally, the strain histogram is a computer-enhanced method for 
dynamic analysis, where color images are transformed into a grayscale of 256 tones. 
These two latter quantitative measurements provide more objective information than 
the pattern of recognition color evaluation. Interestingly, a meta-analysis did not show 
any difference in accuracy between qualitative and quantitative evaluations. It showed 
a pooled sensitivity of 98% and specificity of 63% for qualitative measurement and a 
pooled sensitivity of 95% and specificity of 61% for quantitative endoscopic ultrasound 
elastrography measurement for correct differentiation between malignant and benign 
solid pancreatic lesions[23]. However, the low specificity of elastography suggests that 
the stiffness of a lesion is not perfectly correlated with the presence of neoplastic 
tissue.

Contrast vs elastography
Few studies have addressed this comparison. One of the first studies compared CE 
power Doppler EUS and EUS elastography[24]. No difference was found between the 
two techniques regarding sensitivity, specificity or accuracy. A more recent pros-
pective study evaluated this query and found that quantitative elastography had a 
higher sensitivity than CE-EUS[25]. In this study, the combination of both techniques 
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did not improve the ability to differentiate benign from malignant solid pancreatic 
lesions. The addition of CE harmonic evaluation to elastography did not increase the 
diagnostic accuracy but may have improved the characterization of the pancreatic 
lesion to differentiate between distinct malignant lesions.

Artificial intelligence
It is well known that the performance of EUS for an accurate diagnosis depends highly 
on the technical capacity, knowledge and experience of the endoscopist. To overcome 
this flaw, a strong effort has been made in the development of artificial intelligence 
(AI) in the evaluation and differential diagnosis of pancreatic lesions[26]. AI is a 
mathematical prediction technique that recognizes patterns after analyzing data in 
computer-based programs, performing tasks supposedly mimicking some of the 
processes of human intelligence. Computer-aided diagnosis (CAD) refers to diagnoses 
based on image processing by computer programs[27].

The first study using CAD for pancreatic endoscopic ultrasound was reported 20 
years ago by Norton et al[28], who concluded that digital image analysis of the 
pancreas is feasible and at least comparable to human interpretation, setting the basis 
for future AI studies in the field of pancreatic diseases[28]. Subsequent studies have 
evaluated the performance of AI for the differential diagnosis of pancreatic lesions, 
with a reported accuracy of 94%[29].

Deep learning techniques refer to more advanced AI algorithms that use deep 
neural networks to provide high-performance predictions in which computers 
improve their own performance by taking advantage of previous success and error 
without further human intervention[30]. Deep learning is used in computer vision for 
imaging classification. Automatic image feature detection is its most prominent 
advantage[31]. Few studies have described the use of deep learning for EUS image 
analysis since its introduction in 2019. One study was designed for IPMN malignancy 
diagnosis with an accuracy of 94%[32], and another study by Tonozuka et al[33] was 
the first deep learning AI study that evaluated the ability of AI to detect pancreatic 
cancer. This study showed promising results with a sensitivity of 92.4%, specificity of 
84.1%, positive predictive values of 86.8% and negative predictive values of 90.7%[33].

In the future, AI can probably help in the treatment strategy ahead of tissue acqu-
isition or in cases where biopsy is not feasible. AI can also decrease the risk of missing 
a lesion due to inattention and help in the training process of future endosonographers
[34].

INTERVENTIONAL EUS IN PANCREATIC CANCER
EUS-guided tissue acquisition
The mainstay for an accurate diagnosis of pancreatic cancer is based on tissue 
acquisition. EUS FNA has been the standard method to acquire pancreatic tissue for 
more than 25 years. Great effort has been made to improve the diagnostic accuracy of 
FNA. Different changes in the standard technique have been adapted to improve FNA 
performance. Regarding technical issues, the fanning technique, which involves 
sampling different areas of the lesion during a single needle pass, can decrease the 
number of passes needed for an adequate diagnosis and increase the number of 
patients in which the diagnosis can be achieved at the first attempt. The use of suction 
during FNA has been reported in a randomized controlled trial to improve diagnostic 
accuracy[35], but the slow-pull technique in which no suction is applied has also been 
shown to yield equivalent results with less blood contamination[36]. Finally, the 
number of passes recommended for a better diagnostic yield is 3 or 4. More than 4 
passes have no proven additional benefit[37]. Other technical variations, such as 
puncture with or without the use of the stylet or the availability of an on-site cytologic 
evaluation, have provided no significant improvements in the diagnostic yield to 
ensure adequate EUS tissue acquisition.

A variety of needles with modifications in the type of tip and needle size (diameter) 
have been manufactured, and their diagnostic performance has been evaluated. 
Different sizes, from 25G to 19G, were produced to try to improve the sample size and 
ease of manipulation. No significant difference was seen in sample quality when 
different needle sizes were compared for solid pancreatic lesions[38,39].

Recently, FNB needles have been made available. One can differentiate two types of 
FNB needles, namely, fenestrated needles, introduced in approximately 2010, and 
more recently, “cutting” needles with a bevelless, dented tip. Both types aim to 
provide core tissue samples. The performance of regular FNA needles with reverse 



Salom F et al. EUS pancreatic cancer

WJGE https://www.wjgnet.com 39 January 16, 2022 Volume 14 Issue 1

bevel needles was compared. A randomized controlled trial reported that fewer passes 
are needed to obtain an adequate sample and better histological diagnosis with reverse 
bevel needles[40]. Nevertheless, a different meta-analysis showed no significant 
difference in diagnostic accuracy between these two different needle types[41].

“Cutting” needles provide core biopsy tissue and permit the preservation of cellular 
architecture, allowing FNB molecular profiles of pancreatic samples to be obtained for 
personalized oncological treatment. Two different types of “cutting” needles are 
available: A Franseen needle and a fork-tip needle.

A recent meta-analysis including only randomized controlled trials comparing FNA 
and FNB for solid pancreatic needles showed comparable results regarding sample 
adequacy and diagnostic accuracy, with similar sensitivity for both needles (93.1% for 
FNB and 90.4% for FNA)[42]. One of these studies yielded a higher quality histological 
sample with the FNB needle when compared with the standard FNA needle, with the 
former achieving better histological architecture retainment[43] (Figure 1).

Complications due to EUS-guided tissue acquisition have been described in 0.5%-
3% of cases, including acute pancreatitis, infection, perforation, and bleeding[44]. 
Although less frequently, needle tract seeding has also been described. This 
complication has a prevalence of 0.003%-0.009% with FNA needles, and to our 
knowledge, only one case of needle tract seeding has been reported with FNB needles
[45]. Even though the risk is low, we should be aware of this risk mainly for cases in 
which surgery is performed, but the needle site of puncture is not within the scope of 
surgical resection[44,45].

EUS fiducials placement
The only curative option in patients with pancreatic cancer is surgical resection. 
Unfortunately, only 20% of patients are surgical candidates after adequate diagnostic 
evaluation and staging[46]. In advanced stages, chemotherapy and radiotherapy can 
improve survival and quality of life[47]. Image-guided radiotherapy (IGRT) can 
precisely deliver radiation to the target lesion through real-time advanced imaging 
guidance to decrease toxicity to surrounding tissue. Stereotactic body radiotherapy 
(SBRT) is a form of IGRT in which multiple beam radiation allows high-dose radiation 
therapy to a select location for a precise target treatment[48]. This technique allows 
adequate control of local disease with a significant decrease in radiation toxicity[49]. 
To achieve this goal, implantable markers (fiducials) are needed as landmarks for 
precise radiation delivery. Fiducials are radiopaque markers, usually made of gold, 
placed in the target lesion to ease accurate radiation treatment. Originally, fiducials 
were placed either percutaneously or surgically. The former has the limitation of 
intervening structures in the needle tract, and the latter requires a more invasive 
procedure. EUS fiducial placement has emerged as a potential alternative to avoid 
these hurdles. Initially, they were placed with a 19G FNA needle, but due to the 
stiffness of these needles, smaller fiducials were developed for 22G FNA needle 
placement. Recently, preloaded needles became available to ease this procedure. A 
recent meta-analysis evaluated technical aspects of EUS-guided fiducial placement 
specifically for pancreatic cancer. This study showed an overall technical success rate 
of 96.27%, a migration rate of 4.33% and an adverse event rate of 4.85%[50].

Radiofrequency ablation
Radiofrequency ablation (RFA) is a local procedure that generates tissue coagulative 
necrosis induced by high temperature[51]. This is a well-established treatment for 
solid tumors of the kidney, lung and liver. Recently, an EUS RFA device composed of 
a specifically designed 19G needle and a purpose-built RF generator was developed to 
perform RFA treatment under EUS guidance. This technique produces local ablation 
through thermal coagulation and is also assumed by some authors to stimulate the 
immune response by the release of antitumoral-specific antigens (also known as the 
abscopal effect), thus potentially offering two different therapeutic mechanisms[52]. It 
is important to point out that this latter effect has been adequately described in many 
reports, but it is a rarely recognized clinical event[53].

As with every invasive procedure, there are potential adverse events, including 
pancreatitis, pancreatic duct strictures, bowel perforation, bleeding and peritonitis
[54]. EUS FRA has recently been evaluated for two indications: one for the local 
treatment of unresectable pancreatic cancer and the other for neuroendocrine 
pancreatic tumors unsuitable for surgical resection.

Unresectable pancreatic cancer
RFA for unresectable pancreatic cancer is a safe and feasible procedure. A recent study 
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Figure 1 Endoscopic ultrasound-guided tisssue acquisition. A: Puncture with a conventional fine needle aspiration needle; B: Pancreatic 
adenocarcinoma after cytologic evaluation; C: Tissue acquisition with a Franseen needle; D: Pancreatic tissue with preservation of cellular architecture.

that enrolled 10 patients with unresectable pancreatic cancer reported a technical 
feasibility of 100% and no major adverse events[55]. To date, none of the published 
studies have reported any significant efficacy data.

Neuroendocrine tumors
Pancreatic neuroendocrine tumors (NETs) are infrequent tumors (1% of all pancreatic 
neoplasms) usually exhibiting indolent behavior that occur sporadically or in the 
context of hereditary multiple endocrine neoplasia (MEN) type 1[56]. Small nonfunc-
tional NETs (diameter under 20 mm) are usually followed with CT, MRI and/or 
positron emission tomography[57], whereas surgical resection is advised in larger or 
hormone-producing NETs. Adverse events, such as pancreatic fistula, have been 
reported in 45% of cases after tumor enucleation and 14% after pancreatectomy[58]. 
RFA has emerged as a potential treatment option for these cases. Some data have been 
published in recent years regarding the usefulness of RFA for NET treatment. In a 
prospective study that evaluated the efficacy of EUS RFA in 12 patients bearing a total 
of 14 treated tumors, the 1-year complete resolution rate was 86%[59]. The role of RFA 
has also been described for functional NETs[60]. In a recent meta-analysis, the role of 
RFA in pancreatic neuroendocrine tumors demonstrated an overall effectiveness of 
96% without differences between functional and nonfunctional NETs[61].

Another meta-analysis evaluated this technique for the treatment of different types 
of pancreatic tumors and showed a technical success of 100%, a clinical success of 
91.5% and an overall adverse event rate of 14.6%, where abdominal pain was the most 
frequently reported[62]. Most available studies that have evaluated this technique are 
small-sized studies with fewer than 10 patients and uncontrolled protocols. Many 
different settings of ablation time and energy delivery were used in each study, but 
this had no impact on the final results. One prospective study evaluated EUS RFA plus 
chemotherapy vs chemotherapy alone for unresectable pancreatic cancer. Even though 
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there was a decrease in the morphine dose requirement for pain control, no difference 
was seen regarding survival[63]. Larger multicentric prospective and controlled trials 
are needed to determine the utility of this potential therapeutic resource in the 
treatment of pancreatic cancer.

Celiac plexus neurolysis
Endoscopic ultrasound celiac plexus neurolysis was introduced in 1996 for the 
management of pain caused by pancreatic cancer[64], which is the most common 
symptom in pancreatic cancer and the main impairment in quality of life of this group 
of patients. Pain is present in 60% of patients at presentation and in 80% of patients 
with advanced pancreatic cancer[65]. During celiac plexus neurolysis, absolute alcohol 
is injected as a neurolytic agent directly into the celiac plexus area to disrupt the 
transmission of pain signals. Bupivacaine 0.25% is additionally injected as an analgesic 
agent (Figure 2).

Three techniques have been described: A central technique in which the total 
amount of the agent is injected at the origin of the celiac artery, a bilateral technique in 
which the injection is done on both sides of the celiac artery with an equal distribution, 
and the most recently described direct celiac ganglia neurolysis. A meta-analysis 
evaluated the efficacy of this procedure, with pain relief being obtained in 72% of 
patients[66]. Conflicting results have been obtained regarding the best EUS neurolysis 
technique, but visibility and direct injection of the celiac ganglia substantially increase 
the response to treatment[67]. Regarding the timing of neurolysis, a randomized 
controlled trial concluded that early CPN reduces pain and decreases morphine 
consumption in patients with advanced pancreatic adenocarcinoma[68]. A systematic 
review described CPN having minimal superiority over analgesic drugs but with 
fewer adverse effects than opioids[69]. The most commonly described complications 
associated with CPN are transient and include diarrhea (23%), hypotension (33%) and 
pain exacerbation (36%)[70]. A mildly higher risk of retroperitoneal bleeding has been 
described with the bilateral technique[71]. EUS-guided celiac plexus neurolysis is a 
good option for pain treatment in patients needing high doses of opioids or with 
important adverse events related to these medications.

EUS-guided biliary drainage
Biliary duct obstruction is one of the main complications related to pancreatic cancer. 
Endoscopic retrograde cholangiopancreatography (ERCP) with stent placement is the 
standard treatment to drain biliary duct obstruction. Nevertheless, ERCP fails in 5-7% 
of the cases[72]. Until recently, percutaneous transhepatic biliary drainage (PTBD) was 
the most frequent approach for biliary drainage after ERCP failures. Although PTBD 
has significant morbidity, it is uncomfortable and generally requires more than one 
procedure[73]. This is why EUS biliary drainage emerged as an option for obstructive 
jaundice in patients with pancreatic cancer where ERCP fails with similar technical 
and clinical success compared with PTBD, with a lower incidence of adverse events. 
The first EUS biliodigestive anastomosis was described in 2001[74]. Since then, many 
advances in this endoscopic technique have been developed. A meta-analysis reported 
a technical success rate of 90% and adverse event rate in 17% of patients treated by 
EUS BD[75]. EUS biliary drainage can be divided into two distinct approaches, 
namely, gastrohepatic (or EUS-guided hepaticogastrostomy) and extrahepatic (or EUS-
guided choledocoduodenostomy) approaches (Figure 3). Each approach can be 
divided into direct drainage and the Rendez-vous technique. The latter has been 
preferred by some for benign diseases, but it is important to note that it is technically 
challenging, with a higher risk of failure and complications. We consider this 
technique to be discouraged. When the duodenum is accessible, choledocoduoden-
ostomy can be attempted, and the development of lumen-appossable metallic stents 
(LAMSs) has simplified this approach. Recently, EUS BD has been evaluated as a first-
line treatment instead of ERCP for malignant biliary obstruction, mainly due to the 
high technical success rate and the absence of papilla manipulation, which can 
decrease the risk of pancreatitis. A recent meta-analysis evaluated EUS BD as the 
primary palliation option for distal biliary obstruction, describing equivalent technical 
and clinical success, with no difference in adverse events between EUS BD and ERCP
[76]. Further high-quality multicenter and controlled studies are clearly needed to 
determine the right place for EUS-guided BD techniques beyond ERCP failures. 
Choledocoduodenostomy, equivalent to side-to side biliodigestive anastomosis, is 
prone to alimentary biliary reflux, causing cholangitis, and may thus be preferred for 
short-term drainage. For a nonaccessible duodenum, the gastrohepatic approach with 
hepatogastrostomy is the best approach, which can also be considered in benign 
conditions and in cases of biliodigestive anastomosis dysfunction after Whipple 



Salom F et al. EUS pancreatic cancer

WJGE https://www.wjgnet.com 42 January 16, 2022 Volume 14 Issue 1

Figure 2 Celiac plexus neurolysis. A: Pancreatic ductal adenocarcinoma located in the head of the pancreas; B: Endoscopic ultrasound (EUS)-guided tissue 
acquisition with a fine needle aspiration needle; C: EUS-guided puncture of the celiac plexus area; D: EUS-guided neurolysis with absolute alcohol injection.

resection. A dilated left intrahepatic duct is needed to succeed in this route. A partially 
covered metallic stent (uncovered intrahepatic portion) has been developed for this 
approach, with promising results. A systematic review that evaluated the efficacy and 
safety of EUS BD found no difference in technical success and adverse event rates 
between transgastric and transduodenal approaches[77].

Even though LAMSs are highly useful for the EUS BD approach, they are a 
regionally limited device. Regarding the risk of recurrent biliary obstruction, EUS BD 
has a lower risk of tumor ingrowth but a higher risk of food impaction than ERCP BD. 
Stent patency for EUS BD is comparable to ERCP BD. A study by Park et al[78] 
described a cumulative stent patency of 379 d for EUS BD[78].

EUS-guided gastroenterostomy
Gastric outlet obstruction (GOO) is present in 15%-25% of patients with PDAC[79] and 
has a severe impact on quality of life. Traditionally, this complication is treated either 
surgically or with self-expandable metallic stents (SEMSs) placed by the endoscopic 
route. Recently, EUS-guided gastroenterostomy has emerged as a successful alter-
native for GOO management[80]. To achieve this goal, LAMSs are used to create a 
communication between the stomach and the small bowel distal to the obstruction. A 
recent meta-analysis described a technical success rate of 92% and clinical success rate 
of 90%, with a pooled incidence of adverse events of 12%[81].

Another application of interventional EUS is for the treatment of afferent limb 
syndrome (ALS). This is a rare late postsurgical complication of PDAC pancre-
aticoduodenectomy, most frequently due to local cancer recurrence and mechanical 
obstruction, with dilation of the afferent limb and accumulation of biliopancreatic 
fluid. EUS-guided drainage with a LAMS has been described, which provides an 
adequate therapeutic approach to decompress the limb for palliative and symptomatic 
treatment[82]. Most of the evidence for these two EUS therapeutic applications is 
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Figure 3 Endoscopic ultrasound-guided choledocoduodenostomy. A: Pancreatic ductal adenocarcinoma (PDAC) located in the pancreatic head; B: 
Common bile duct dilation caused by PDAC; C: Lumen-appossable metallic stents (LAMS) distal flange opening inside the bile duct; D: Biliary drainage after LAMS 
placement.

primarily retrospective. Even though they seem to be promising techniques, well-
designed multicentric, prospective, controlled trials are needed to validate these 
resources.

CONCLUSION
Since its introduction as an endoscopic technique, EUS has evolved from a diagnostic 
imaging device toward a therapeutic tool, primarily for palliative cancer management. 
Considerable progress has been made, particularly in the diagnosis and management 
of PDAC. New imaging techniques can improve the differential diagnosis of focal 
pancreatic lesions and can decrease the bias of human imaging interpretation. EUS is 
the standard method for tissue acquisition, and the development of new “cutting” 
needles allows the procurement of core tissue for molecular profiling and personalized 
oncological treatment. Outstanding progress has been made in EUS interventional 
procedures, mainly for biliary drainage and local tumor ablation, with good technical 
and clinical success and fewer complications compared to other techniques. Future 
randomized controlled trials should be directed to evaluate the role of EUS-guided 
treatment, such as RFA, for unresectable pancreatic cancer or patients unsuitable for 
surgery. Diagnostic and interventional EUS have become essential in the workup and 
management of PDAC.
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Abstract
BACKGROUND 
Endoscopic resection, especially endoscopic submucosal dissection (ESD), is 
increasingly performed in elderly patients with early gastric cancer, and lesions 
beyond the expanded indications are also resected endoscopically in some 
patients. It is essential to assess whether gastric ESD is safe and suitable for 
elderly patients and investigate what type of lesions carry an increased risk of 
ESD-related complications.

AIM 
To assess the efficacy and feasibility of gastric ESD for elderly patients, and define 
high-risk lesions and prognostic indicators.

METHODS 
Among a total of 1169 sessions of gastric ESD performed in Kanagawa Cancer 
Center Hospital from 2006 to 2014, 179 sessions (15.3%) were performed in 
patients aged ≥ 80 years, and 172 of these sessions were done in patients with a 
final diagnosis of gastric cancer. These patients were studied retrospectively to 
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evaluate short-term outcomes and survival. The short-term outcomes included the 
rates of en bloc resection and curative resection, complications, and procedure-
related mortality. Curability was assessed according to the Japanese Gastric 
Cancer Treatment Guidelines 2010. Fisher’s exact test was used to statistically 
analyze risk factors. Clinical characteristics of each group were compared using 
Fisher’s exact test and Mann-Whitney U test. Survival rates at each time point 
were based on Kaplan-Meier estimation. Overall survival rates were compared 
between patients with gastric cancer in each group with use of the log-rank test. 
To identify prognostic factors that jointly predict the hazard of death while 
controlling for model overfitting, we used the least absolute shrinkage and 
selection operator (LASSO) Cox regression model including factors curative/ 
noncurative, age, gender, body mass index, prognostic nutritional index, Charlson 
comorbidity index (CCI), Glasgow prognostic score, neutrophil-to-lymphocyte 
ratio, and antithrombotic agent use. We selected the LASSO Cox regression model 
that resulted in minimal prediction error in 10-fold cross-validation. P < 0.05 was 
considered statistically significant.

RESULTS 
The en bloc dissection rate was 97.1%, indicating that a high quality of treatment 
was achieved even in elderly patients. As for complications, the rates of bleeding, 
perforation and aspiration pneumonitis were 3.4%, 1.1% and 0.6%, respectively. 
These complication rates indicated that ESD was not associated with a partic-
ularly higher risk in elderly patients than in nonelderly patients. A dissection 
incision > 40 mm, lesions associated with depressions, and lesions with ulcers 
were risk factors for post-ESD bleeding, and location of the lesion in the upper 
third of the stomach was a risk factor for perforation in elderly patients (P < 0.05). 
Location of the lesion in the lower third of the stomach tended to be associated 
with a higher risk of bleeding. The overall survival (OS) did not differ sig-
nificantly between curative and noncurative ESD (P = 0.69). In patients without 
additional surgery, OS rate was significantly lower in patients with a high CCI (≥ 
2) than in those with a low CCI (≤ 1) (P < 0.001).

CONCLUSION 
Gastric ESD is feasible even in patients aged ≥ 80 years. Observation without 
additional surgery after noncurative ESD is reasonable, especially in elderly 
patients with CCI ≥ 2.

Key Words: Endoscopic submucosal dissection; Elderly; Charlson comorbidity index; 
Early gastric cancer; Complications; Prognostic indicators
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Core Tip: This was a retrospective study to evaluate the efficacy and feasibility of 
gastric endoscopic submucosal dissection in elderly patients aged ≥ 80 years. The rates 
of en bloc dissection, bleeding, perforation and aspiration pneumonitis were 97.1%, 
3.4%, 1.1% and 0.6%, respectively. These rates are similar to the rates in nonelderly 
patients reported previously. Risk factors for bleeding were incision > 40 mm, lesions 
associated with depressions, and ulcerative lesions. A risk factor for perforation was 
location in the upper third of the stomach. Charlson comorbidity index ≥ 2 was an 
indicator of poor prognosis regardless of curability.
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INTRODUCTION
Early gastric cancer (EGC) is defined as gastric cancer confined to the mucosa and 
submucosa[1]. Increasing numbers of EGCs are being detected in Japan[2,3], and EGCs 
currently account for > 60% of all detected cases of gastric cancer[4]. Since the deve-
lopment of endoscopic submucosal dissection (ESD), the treatment of EGC has 
changed dramatically[5,6]. Various techniques have considerably reduced the 
technical limitations of endoscopic resection (ER), and EGCs can now be freely 
resected, independently of size and shape[6-8]. Many EGCs that would have been 
surgically resected previously are now resected endoscopically. The most attractive 
point of ESD as compared with open surgery is its lower invasiveness and the ability 
to avoid deterioration in the quality of life.

The elderly population is increasing rapidly in Japan. The average life span is 80.50 
years for men and 86.83 years for women, according to statistics reported by the 
Ministry of Health, Labour and Welfare, Japan in 2014. Surgery carries an increased 
risk in elderly patients because of poor physical status or serious underlying diseases
[9,10]. Thus ER, especially ESD, is being increasingly performed in elderly patients[10-
14]. Because this trend is expected to continue, it is necessary to assess whether ESD is 
actually safe and suitable for elderly patients. In addition, more clearly defining high-
risk lesions associated is prerequisite to safe treatment.

MATERIALS AND METHODS
Patients
A total of 1169 sessions of ESD were performed to treat gastric diseases (mainly EGCs 
and gastric adenomas, as well as some non-neoplastic lesions) in Kanagawa Cancer 
Center Hospital between January 2006 and December 2014, and 179 (15.3%) of these 
sessions were performed in a total of 131 patients who were aged ≥ 80 years. Among 
the resected specimens, gastric cancers were finally diagnosed in 175 lesions treated by 
172 sessions of ESD in 124 patients. These cases were studied retrospectively.

ESD procedure
Around-the-lesion biopsy was performed beforehand to confirm the margin of the 
lesions, if necessary. On the day of ESD, the margin was identified again using white 
light endoscopy, chromoendoscopy with indigo carmine solution, and narrow-band 
imaging. All-around-the-lesion marking was carried out with the use of small multiple 
cautery units. Submucosal injection was performed to lift the mucosal layer. Glyceol 
(10% glycerol and 5% fructose; Chugai Pharmaceutical Co., Tokyo, Japan) or MucoUp 
(0.4% sodium hyaluronate; Johnson & Johnson, New Brunswick, NJ, United States) 
with a small amount of indigo carmine was used as the injection solution. A circumfer-
ential mucosal incision and submucosal dissection were performed using a needle 
knife (Olympus Optical Co. Ltd., Tokyo, Japan). The high-frequency generators used 
were ICC200 or VIO300D (ERBE Elektromedizin GmbH, Tübingen, Germany).

Short-term outcomes
The short-term outcomes included the rates of en bloc resection and curative resection, 
complications, and procedure-related mortality. Curability was assessed according to 
the Japanese Gastric Cancer Treatment Guidelines 2010[15]. A curative resection was 
defined as satisfying all the following conditions: en bloc resection, negative horizontal 
and vertical margin, no lymphovascular infiltration, and absolute or expanded 
indication for ER. Differentiated type intramucosal cancer ≤ 20 mm in size without 
ulceration was categorized as a lesion of absolute indication. A lesion of expanded 
indications was as follows: Differentiated type intramucosal cancer > 20 mm in size 
without ulceration; differentiated type intramucosal cancer ≤ 30 mm in size with 
ulceration; differentiated type submucosal superficial cancer ≤ 30 mm in size; and 
undifferentiated type intramucosal cancer ≤ 20 mm in size without ulceration.

As for complications, bleeding, perforation and aspiration pneumonitis were 
assessed. Bleeding was defined as the occurrence of melena or hematemesis; detection 
of ongoing hemorrhage; or the presence of coagulated blood in the stomach with 
apparent bleeding spots on endoscopic examination, which was basically performed 
routinely in all patients on the next day of ESD. Perforation was confirmed by 
observation of mesenteric fat during ESD or by detection of free air on X-ray films. 
Aspiration pneumonitis was diagnosed on the basis of clinical findings and X-ray 
films. Procedure-related mortality was defined as death within 30 d due to complic-
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ations. In patients who had complications, patient-related factors, such as World 
Health Organization performance status and underlying disease, as well as lesion-
related factors, such as location, size, and macroscopic aspects were investigated.

Long-term outcomes
For evaluation of long-term outcomes, a patient who had experienced noncurative 
ESD within the last 5 years (n = 1) and patients who underwent additional surgery 
after ESD (n = 3) were excluded from the target of analysis. Overall survival (OS) was 
evaluated starting from the date of ESD to the date of death or the last verified date of 
survival. To determine the prognostic indicators for elderly patients with EGC treated 
by ESD, we also evaluated the clinical characteristics of the patients who did not 
undergo additional surgery after ESD (n = 120), using age, gender, body mass index 
(BMI), prognostic nutritional index (PNI), Charlson comorbidity index (CCI), Glasgow 
prognostic score (GPS), neutrophil-to-lymphocyte ratio (NLR), and use of antith-
rombotic agents.

Statistical analysis
To estimate affecting factors related to complications, relative risks were calculated. 
Fisher’s exact test was used to statistically analyze risk factors. Clinical characteristics 
of each group were compared using Fisher’s exact test and Mann-Whitney U test. 
Survival rates at each time point were based on Kaplan-Meier estimation. OS rates 
were compared with the log-rank test between patients with gastric cancer in each 
group. To identify prognostic factors that jointly predict the hazard of death while 
controlling for model overfitting, the least absolute shrinkage and selection operator 
(LASSO) Cox regression model including factors curative/noncurative, age, gender, 
BMI, PNI, CCI, GPS, NLR and antithrombotic agent use was used (R package glmnet)
[16]. We selected the LASSO Cox regression model that resulted in minimal prediction 
error in 10-fold cross-validation. P < 0.05 was considered statistically significant.

All statistical analyses were conducted using the EZR software, version 1.54 
(Saitama Medical Center, Jichi Medical University, Saitama, Japan)[17] and R version 
4.0.3 (The R Foundation for Statistical Computing, Vienna, Austria). The statistical 
review of the study was performed by a biomedical statistician.

RESULTS
Short-term outcomes
Short-term outcomes are shown in Table 1. Within 172 sessions of ESD, two different 
specimens of multiple lesions were resected at the same time in three sessions; only 
one specimen was resected for each treatment in 168 sessions; and one lesion was 
unresectable in one session. A total of 174 specimens were thus resected from 175 
lesions in 172 sessions of ESD. The en bloc dissection rate and the curative dissection 
rate were 97.1% and 77.1%, respectively. Six lesions (3.4%) had postoperative bleeding, 
two (1.1%) had intraoperative perforation, and one patient (0.6%) had aspiration 
pneumonitis after ESD. Blood transfusion was required in one patient. There were no 
procedure-related deaths.

The characteristics of the treated lesions and patients are shown in Table 2. Mac-
roscopically, flat-type shaped lesions (85.7%) predominated over protruded-type 
lesions (13.7%). There was one advanced type 1 lesion, which was misdiagnosed as 
EGC type 0-I before treatment. Of 124 recruited patients, 38 (30.6%) had circulatory 
underlying diseases, nine (7.3%) had respiratory underlying diseases, and 22.6% of the 
patients were receiving at least one antithrombotic agent.

In the present study of elderly patients, lesions that did not meet the indication 
criteria were also treated. The details of noncurative lesions and noncurative factors 
are shown in Table 3. Among 40 noncurative lesions, 32 (80.0%) were differentiated 
type, and eight (20.0%) were undifferentiated type. The noncurative factors were 
depth of invasion in 30.0%, oversize in 20.0%, positive ulceration associated with 
undifferentiated components in 12.5%, and positive or uncertain lymph vascular 
invasion in 35.0% of the noncurative lesions.

The patients with complications are summarized in Table 4. One patient had both 
postoperative bleeding and aspiration pneumonitis, and the others had one 
complication each. None of patients with postoperative bleeding was receiving any 
antithrombotic agents.
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Table 1 Short-term outcomes of ESD, n (%)

Location of the lesions (n = 175)1

Upper third 33 (18.9)

Middle third 57 (32.6)

Lower third 85 (48.6)

Size of dissected specimen (n = 174)2

Range 9-110 mm

Median 30 mm

Average 33.4 mm

ESD quality (n = 175)2

En bloc dissection 170 (97.1)

Fractional dissection 4 (2.3)

Not dissected endoscopically 1 (0.6)

Curability (n = 175)1

Curative dissection 135 (77.1)

Non-curative dissection 40 (22.9)

Complications

ESD sessions (n = 172) with any complication 8 (4.7)

Bleeding (n = 175)1 6 (3.4)

Perforation (n = 175)1 2 (1.1)

Aspiration pneumonitis (n = 172)3 1 (0.6)

Procedure-related death (n = 172)3 0

1Location, Endoscopic submucosal dissection (ESD) quality (en bloc or fractional dissection rate), curability (curative or noncurative dissection rate), and 
complications of bleeding and perforation calculated with respect to the total number of 175 treated lesions.
2Size of dissected specimen measured only in endoscopically resected cases (n = 174).
3Number of ESD sessions (total n = 172) associated with aspiration pneumonitis. ESD: Endoscopic submucosal dissection.

The relation of complications to lesion location and size of resected specimen is 
summarized in Table 5. Lesion location in the lower third of the stomach and a 
resected specimen size > 40 mm tended to have higher bleeding rates. Lesion location 
in the upper third of the stomach and a resected specimen size > 40 mm tended to be 
associated with higher perforation rates.

The relative risks of lesion location and resected specimen size are shown in Table 6. 
Resected specimens > 40 mm, macroscopic shape with depressive component, and 
presence of ulceration were determined to be risk factors for bleeding (P < 0.05). 
Location of the lesion in the upper third of the stomach was determined to be a risk 
factor for perforation (P < 0.05).

Long-term outcomes
Survival curves according to the curability are shown in Figure 1. The patients were 
divided into two groups: Those who underwent only curative ESD (curative ESD 
group, n = 87), and those who underwent noncurative ESD without additional surgery 
(noncurative ESD group, n = 33). Patients who had undergone dissection more than 
once were classified as noncurative when ESD was noncurative at least once. A total of 
32 patients (26.7%) died during a median follow-up period of 2005 d (range, 83-4774 
d). Twenty-four of the patients who died were in the curative ESD group and eight 
were in the noncurative ESD group. The cause of death was gastric cancer in none of 
them. The OS rate did not differ significantly between the curative and the non-
curative ESD groups (P = 0.69).

Prognostic factors for OS using LASSO in the patients who did not undergo 
additional surgery (n = 120) are shown in Table 7. Among these clinical characteristics, 
gender and CCI, one of most widely used and validated comorbidity scoring system to 
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Table 2 Characteristics of treated lesions and patients, n (%)

(A) Lesions (n = 175)

Macroscopic type

Protruded type (0-I, 0-I+IIa, 0-I+IIb, 0-I+IIc) 24 (13.7)

Flat type (0-IIa, 0-IIa+IIc, 0-IIb, 0-IIc, 0-IIc+IIa) 150 (85.7)

Advanced (type 1) 1 (0.6)

Ulceration

UL (+) 22 (12.6)

UL () 153 (87.4)

Depth of invasion

M 152 (86.9)

≥ SM 23 (13.1)

(B) Patients (n = 124)

Underlying disease

Circulatory 38 (30.6)

Respiratory 9 (7.3)

Renal 0

Antithrombotic agent

Taking 28 (22.6)

UL: Ulceration; M: Mucosa; SM: Submucosa.

measure comorbidity status, were significantly associated with OS. As median CCI in 
each group was 1, patients were divided in two groups according to CCI ≤ 1 or > 1. 
The survival curve of patients with low CCI ≤ 1 (n = 100) and those with high CCI ≥ 2 (
n = 20) are shown in Figure 2. The OS rate was significantly different between the two 
groups (P < 0.001).

DISCUSSION
In Japan, the morbidity rate of gastric cancer has been rapidly decreasing according to 
the Center for Cancer Control and Information Services, National Cancer Center, 
Japan. Nonetheless, the number of EGCs treated endoscopically has dramatically 
increased. The increased use of ER seems to be attributed to three reasons. The first 
reason is the expansion of the indications for ER. Because ER is a local resection 
procedure without lymphadenectomy, the indications for ER are limited to conditions 
expected to have no lymph node metastasis[15]. Previous studies of patients who 
underwent surgery for gastric cancer have evaluated conditions associated with no 
lymph node metastasis. The second reason is progress in endoscopic techniques[6-8]. 
The final reason is the minimal invasiveness of ESD. ESD is far less invasive than open 
surgery, and can prevent symptoms associated with a small capacity of stomach after 
surgery.

Although minimal invasiveness is undoubtedly attractive for elderly patients 
because they have higher incidences of underlying diseases than younger patients 
have and are sometimes in poor general condition[9,10], the feasibility of ESD remains 
to be fully evaluated. In our study, complications occurred only in 4.7% of patients, 
without any procedure-related deaths. In previous studies of elderly patients, the rate 
of bleeding ranged from 2.5% to 9.6%[10-14], except for the study by Hirasaki et al[10], 
which reported a bleeding rate of 43.4%[3], and the rates of perforation and of 
pneumonia ranged from 1.5% to 5.0% and 0.5% to 2.2%, respectively. In most of these 
studies, ESD was not associated with particularly higher risk in elderly than in 
nonelderly patients. Indeed, the rates of bleeding and perforation among patients of all 
ages were reported to range from 3.7% to 15.6% and 1.2% to 6.7%, respectively[18-22]. 
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Table 3 Details of noncurative lesions, and estimated noncurative factors of 40 noncurative lesions

(A) Details of noncurative lesions (n = 40)

Depth of invasion

M SM1 SM2 ≥ MP

Histological type

Differentiated (tub1, tub2, pap) 19 4 8 1

Undifferentiated (por, sig, muc) 4 2 2 0

(B) Estimated non-curative factors of 40 non-curative lesions, n (%)

Depth of invasion

≥ SM2, differentiated 8 (20)

≥ SM, undifferentiated 4 (10)

Lesion size

≥ 30 mm, differentiated, UL (+) 2 (5)

≥ 30 mm, differentiated, SM1 1 (2.5)

≥ 20 mm, undifferentiated 5 (12.5)

Ulceration

UL (+) with undifferentiated components 5 (12.5)

Lymphovascular invasion

Ly +/uncertain 7 (17.5)

V +/uncertain 7 (17.5)

Surgical margin

Positive 7 (17.5)

Uncertain 21 (52.5)

Not dissected endoscopically 1 (2.5)

M: Mucosa; SM: Submucosa; MP: Muscularis propria; UL: Ulceration; Ly: Lymphatic invasion; V: Venous invasion.

In nonelderly patients, Lin et al[23] reported that the rates of bleeding, perforation and 
procedure-related pneumonia were 2.9%, 1.1% and 0.4%, respectively, in their meta-
analysis of nine previous studies of gastric ESD. These previous reports and present 
study suggest that the rates of complications of ESD in elderly patients are not partic-
ularly higher than the rates in nonelderly or patients of all ages. Accordingly, we argue 
that gastric ESD is feasible even in elderly patients aged ≥ 80 years.

However, some studies have reported that ESD carries a higher risk in elderly 
patients than in younger patients[13,21]. Toyokawa et al[13] reported that the bleeding 
rate was significantly higher in the elderly group (age ≥ 75 years) than in the 
nonelderly group (age < 75 years). However, in multivariate analysis, high age was not 
in itself an independent predictor of bleeding, and the reason why the bleeding rate 
was higher in the elderly group was unclear. It was also reported by Toyokawa et al
[21] in another report that age ≥ 80 years was associated with a significantly higher 
risk of delayed bleeding after ESD, and they concluded that the use of antiplatelet 
agents or anticoagulants was not the reason for delayed bleeding in elderly patients. 
Also in that study, they could not specify the reason why delayed bleeding was pre-
dominant in elderly patients over nonelderly patients. In our institution, endoscopic 
examination on the next day of ESD was routinely performed, and coagulation of 
visible vessels at the ulcer floor was carried out. This endoscopic examination may 
have contributed to low incidence of bleeding in our present study. In any case, 
attentive precautionary endoscopic hemostasis after dissection is crucial for aged 
patients, as they demonstrate age-related physiological decline with higher incidence 
of underlying diseases and worse overall condition[13].

Even if gastric ESD is feasible in elderly patients, complications can have severe 
consequences. To acknowledge the characteristics of lesions associated with higher 
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Table 4 Details of patients who had complications of endoscopic submucosal dissection

Age 
(yr) Gender Ps Underlying 

disease
Past 
history

Location1 Size 
(mm)

Macroscopic 
type

Final 
pathology Curability Specimen 

(mm) Complications

83 F 1 Post-BHA L, Ant 40 0-IIc, UL (+) Tub2 > por2, 
M, ly0, v0, 
HM0, VM0

Noncurative 60 Bleeding G2

83 M 0 L, Ant 10 0-IIc, UL (+) Tub1 > tub2, 
M, ly0, v0, 
HM0, VM0

Curative 20 Bleeding G2

92 M 0 Laryngeal 
cancer

U, Post 50 Type1 Surgical 
resection: pap 
> tub, SS, ly0, 
v1, NX, HMX

Noncurative 522 Perforation G3

89 M 3 Brain 
cancer

M, Les 33 0-IIc, UL (+) Sig/por2, M, 
ly0, v0, HM0, 
VM0

Noncurative 68 Bleeding G3, 
pneumonitis G2

83 F 2 AD, 
Depression

U, Les 15 0-IIa Tub1, M, ly0, 
v0, HM0, 
VM0

Curative 30 Perforation G2

(1) L, Ant (1) 20 (1) 0-IIc (1) Tub2 > 
tub1 > por, 
M, ly0, v0, 
HM0, VM0

(1) Curative82 F 0

(2) L, Ant (2)10 (2)0-IIc (2) Tub1-
tub2, M, ly0, 
v0, HM0, 
VM0

(2) Curative

54 Bleeding G2

84 M 2 AP, COPD L, Les 15 0-IIc Por1, M, ly0, 
v0, HMX, 
VMX

Noncurative 40 Bleeding G2

80 M 0 Colon 
cancer, 
EGC

L, Les 16 0-IIa+IIc, UL 
(+)

Tub1 > tub2 > 
por, M, ly0, 
v0, HM0, 
VM0

Curative 47 Bleeding G2

1Location divided into three regions of the stomach; U (upper third), M (middle third), and L (lower third), respectively.
2Size of all-around incision of endoscopic submucosal dissection measured in a surgically resected specimen.
PS: Performance status; BHA: Bipolar hip arthroplasty; AD: Alzheimer disease; UL: Ulceration; AP: Angina pectoris; COPD: Chronic obstructive 
pulmonary disease; EGC: Early gastric cancer; M: Mucosa; SM: Submucosa; SS: Subserosa; ly: Lymphatic invasion; v: Venous invasion; HM: Horizontal 
margin; VM: Vertical margin; N: Lymph node metastasis; L: Lower third; M: Middle third; U: Upper third.

risks in elderly patients is essential to a safe procedure. Kim et al[22] reported that the 
risk of perforation associated with ESD is higher for lesions located in the gastric body 
than those located in the antrum. Toyokawa et al[21] reported that ESD carried a high 
risk of perforation when EGCs located in the upper third of the stomach were 
dissected. Our results that lesion location in the upper third of the stomach was a 
significant risk factor, and lesion size > 40 mm tended toward a higher risk of 
perforation in elderly patients seem to be consistent with previous studies performed 
in patients of all ages.

As for bleeding, Chung et al[18] reported that the risk of delayed bleeding after ESD 
was significantly higher for lesions located in the upper portion of the stomach. In 
contrast, in our study focusing on elderly patients, lesions located in the lower portion 
of the stomach tended to have a higher risk of bleeding. As for macroscopic shape, 
lesions with depressive components such as 0-IIc, 0-IIa + IIc, 0-IIc + IIa, and 0-I + IIc 
and lesions with ulceration were associated with bleeding after ESD. In contrast, 
treatment with antithrombotic agents was not associated with bleeding. We speculate 
that strong peristaltic contractions of the gastric antrum increased the risk of bleeding 
in the lower portion of the stomach. In addition, a resected lesion size > 40 mm in 
diameter was determined to be a risk factor for bleeding. Moreover, the median lesion 
size in patients with bleeding was 50.5 mm (range, 20-68 mm), which was about 70% 
larger than median lesion size of 30 mm (range, 9-110 mm) in the study group as a 
whole. We therefore recommend meticulous preventive endoscopic hemostasis after 
resecting lesions > 40 mm, especially those located in the lower third of the stomach, 
and lesions with depressive aspects or ulceration, when treating elderly patients.
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Table 5 Relations of complications to location or dissected size of endoscopic submucosal dissection specimens, n (%)

Bleeding (+) Bleeding (-) Perforation (+) Perforation (-) Total

n = 6 n = 169 n = 2 n = 173 n = 175

Location

Upper third 0 33 (100) 2 (6.1) 31 (93.9) 33

Middle third 1 (1.6) 56 (98.4) 0 57 (100) 57

Lower third 5 (5.9) 80 (94.1) 0 85 (100) 85

Size of specimen

≤ 20 mm 1 (3.3) 29 (96.7) 0 30 (100) 30

21-40 mm 1 (1.0) 102 (99.0) 1 (1.0) 102 (99.0) 103

41-60 mm 3 (8.1) 34 (91.9) 1 (2.7)1 36 (97.3) 37

≥ 61 mm 1 (20.0) 4 (80.0) 0 5 (100) 5

1Not endoscopically dissected case.
Size of all-around incision of endoscopic submucosal dissection measured in a surgically resected specimen.

To prevent aspiration during ESD, an overtube was inserted in all patients. 
Accordingly, the rate of aspiration pneumonitis was as low as 0.6%. In contrast, 
Isomoto et al[12] reported that aspiration pneumonitis occurred in 2.2% of patients 
aged ≥ 75 years, which was more frequent than in younger patients. In contrast, Lee et 
al[24] reported that the risk of aspiration might be increased by endoscopic procedures 
with a longer duration.

In the present study of elderly patients, lesions that did not meet the indication 
criteria were also treated. Accordingly, the curative dissection rate of ESD was only 
77.1%. Abe et al[14] reported that the curative rate of ESD was 77.9% in their 
multicenter study of ESD in patients aged ≥ 80 years, consistent with our results. The 
question arises whether dissecting lesions beyond expanded indications was 
meaningless? Kang et al[25] recently reported that even if the lesions are beyond 
expanded indications, ESD reduces the risk of death from gastric cancer, although it 
does not completely cure the disease in some patients. In our study, the disease-
specific 5-year survival rate and 5-year OS rate in the noncurative ESD group were as 
high as 100% and 76.9%, respectively. These rates were higher than 5-year survival 
rate of patients with EGC who did not undergo resection (62.8%) as reported by 
Tsukuma et al[26]. Furthermore, the OS of the noncurative ESD group was equivalent 
to that of the curative ESD group. Although the number of patients in our study was 
small, and our results may have been influenced by selection bias, our findings 
suggest that ESD might be effective for EGC beyond expanded indications. Indeed, 
although 32 of 120 recruited patients died during the follow-up period, none of them 
died of gastric cancer. The causes of death in the other patients were malignancy in 
other organs in seven patients, respiratory diseases in five patients, and uncertain in 20 
patients.

Tsukuma et al[26] reported that the median interval required for EGC to progress to 
an advanced stage was 44 mo. Moreover, older patients tended to have shorter 
intervals to the development of advanced disease, and it was 36 mo in patients aged > 
75 years[27]. We thus consider it reasonable to endoscopically resect lesions beyond 
expanded indications if surgery is unacceptable, with the goal of preventing 
symptoms that may develop in the future, in patients who are expected to survival for 
longer than 36 mo.

In this study, local recurrence developed in only one (3.0%) of 33 patients in the 
noncurative ESD group. Similarly, Abe et al[14] reported that local recurrence 
developed in 3.3% and distant metastasis developed in 5.5% of patients who did not 
undergo additional surgery after noncurative ESD. Kusano et al[28] reported that 
survival was improved by additional surgery following noncurative ER in elderly 
patients. In contrast, Ahn et al[29] reported that the mortality rate was significantly 
higher in the presence of lymphovascular invasion than in the absence of such 
invasion in patients with differentiated EGC who underwent nonsurgical follow-up 
after noncurative ER. Thus, if possible, additional surgery is advisable after 
noncurative ESD, even in elderly patients, especially when lymphovascular invasion is 
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Table 6 Relative risks of location and size for bleeding or perforation

(A) Relative risk of location lower third, size > 40 mm, macroscopic shape, presence or absence of ulceration, and depth of invasion for 
bleeding

Bleeding (+) Relative risk P value

Location

Lower third 5.9% (5/85)

Upper third, middle third 1.1% (1/90)

5.3 0.11

Dissected size

≥ 41 mm 9.5% (4/42)

≤ 40 mm 1.5% (2/133)

6.3 0.030

Macroscopic shape

Depressive component (+) 8.2% (6/73)

Depressive component () 0% (0/102)

0.005

Ulceration

UL (+) 18.2% (4/22)

UL () 1.3% (2/153)

13.9 0.003

Depth of invasion

≥ SM 3.9% (6/152)

M 0% (0/23)

1

(B) Relative risk of location upper third, size > 40 mm, macroscopic shape, presence or absence of ulceration, and depth of invasion for perforation

Perforation (+) Relative risk P value

Location

Upper third 6.3% (2/32)

Middle third, lower third 0% (1/143)

0.033

Dissected size

≥ 41 mm 2.4% (1/42)

≤ 40 mm 0.8% (1/133)

3.2 0.423

Macroscopic shape

Depressive component (+) 0% (0/73)

Depressive component () 2.0% (2/102)

- 0.511

Ulceration

UL (+) 0% (0/22)

UL () 1.3% (2/153)

- 1

Depth of invasion

≥ SM 0.7% (1/152)

M 4.3% (1/23)

6.6 0.246

UL: Ulceration; M: Mucosa; SM: Submucosa.

confirmed histologically.
CCI was developed to assess the risk of death from comorbidities and has been 

widely used to evaluate clinical outcomes, such as prognosis or complications. CCI 
was calculated as the sum of the scores assigned to several comorbidities (myocardial 
infarction, congestive heart failure, cerebrovascular disease, uncomplicated diabetes, 
moderate-to-severe chronic kidney disease, moderate-to-severe liver disease, solid 
tumor, leukemia etc.) based on the original definition[30]. In our study, curability of 
ESD was not associated with OS rate. CCI was indicated to be the only factor 
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Table 7 Prognostic factors for overall survival (n = 120)

Cox LASSO

Curability

Noncurative –

Patient –

Age –

Gender: Male 0.416

BMI –

PNI –

CCI > 1 0.477

GPS –

NLR –

Antithrombotic agent (+) –

LASSO: Least absolute shrinkage and selection operator; BMI: Body mass index; PNI: Prognostic nutritional index; CCI: Charlson comorbidity index; GPS: 
Glasgow prognostic score; NLR: neutrophil-to-lymphocyte ratio.

Figure 1 Overall survival of curative and noncurative patients. Group A: Curative endoscopic submucosal dissection (ESD) group (n = 87); Group B: 
Noncurative ESD group (n = 33). A total of 32 patients (26.7%) died during a median follow-up of 2005 d (range, 83-4774 d). Twenty-four of the patients who died 
were in the curative ESD group and eight were in the noncurative ESD group. The cause of death was gastric cancer in none of them. The overall survival rate did not 
differ significantly between the curative and noncurative ESD groups (P = 0.69).

associated with prognosis, among various clinical characteristics such as BMI, PNI, 
GPS and NLR. However, Iwai et al[31] reported that CCI ≥ 3 and PNI < 47.7 were both 
significantly associated with lower OS rate. Whether nutritional status is truly a 
predictor of long-term prognosis is controversial. According to our results, we suggest 
that observation without additional surgery after noncurative ESD may be considered, 
especially in elderly patients with CCI > 1.

The limitation of our study was that it was retrospective. Although complications 
are expected to differ depending on concomitant diseases, we cannot confirm the 
patients’ characteristics in detail. Moreover, we had only a few cases of bleeding and 
perforation, as this was a single-center study with a limited number of recruited 
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Figure 2 Overall survival of patients with high and low Charlson comorbidity index. Charlson comorbidity index (CCI) High: Patients with CCI ≥ 2 (n 
= 20); CCI Low: Patients with CCI ≤ 1 (n = 100). Overall survival rate was significantly different between the two groups (P < 0.001).

patients, and our results may have been influenced by selection bias. Therefore, a 
multicenter prospective trial needs to be performed to confirm the risk factors of ESD 
related to underlying disease.

CONCLUSION
Gastric ESD is feasible and permissible in elderly patients aged ≥ 80 years. To ensure a 
safe procedure, meticulous preventive endoscopic hemostasis is recommended after 
resecting specimens > 40 mm or lesions with depressive aspects or ulceration, 
especially those located in the lower third of the stomach, when treating aged patients. 
Concerning their long-term prognosis, male gender and CCI > 1 are negative 
predictors.

ARTICLE HIGHLIGHTS
Research background
Endoscopic submucosal dissection (ESD) is increasingly performed in elderly patients 
with early gastric cancer (EGC).

Research motivation
Whether gastric ESD is safe and suitable for elderly patients, type of lesions which 
carry an increased risk of procedure-related complications, indicators of prognosis for 
elderly patients after ESD are unclear.

Research objectives
To investigate short-term and long-term outcomes of gastric ESD for elderly patients, 
and to determine the risk factors of procedure-related complications and the indicators 
of prognosis.

Research methods
This study included patients aged ≥ 80 years who underwent ESD for EGC in 
Kanagawa Cancer Center Hospital. These patients were studied retrospectively to 
evaluate short-term outcomes and survival of gastric ESD.
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Research results
The en bloc dissection rate was as high as 97.1%, and the complication rates of bleeding, 
perforation and aspiration pneumonitis were as low as 3.4%, 1.1% and 0.6%, 
respectively, which were similar to the rates of ESD for nonelderly patients. A 
dissection incision > 40 mm, lesions associated with depressions, and lesions with 
ulcers were risk factors for bleeding, and location of the lesion in the upper third of the 
stomach was a risk factor for perforation (P < 0.05). The overall survival (OS) did not 
differ significantly between curative and noncurative ESD groups (P = 0.69). In 
patients without additional surgery, OS rate was significantly lower in patients with a 
high Charlson comorbidity index (CCI) ≥ 2 than in patients with a low CCI ≤ 1 (P < 
0.001).

Research conclusions
Gastric ESD is feasible even in elderly patients aged ≥ 80 years. Meticulous preventive 
endoscopic hemostasis after resecting specimens > 40 mm, or lesions associated with 
depressions or ulcers is recommended. CCI is a prognostic indicator. Observation 
without additional surgery after noncurative ESD is reasonable, especially in elderly 
patients with CCI ≥ 2.

Research perspectives
As our institution is a hub hospital specializing in cancer treatment, relatively healthy 
patients without severe underlying diseases tend to visit the hospital. Therefore, a 
selection bias of target patients may have existed in our study. A multicenter 
prospective trial with a large number of patients is desirable to confirm the feasibility 
of gastric ESD in patients with various health problems, and the risk factors and the 
prognostic indicators related to each underlying disease.
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