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Anatomy of the GEJ



Anatomical Causes for GERD



Anatomy: The Mechanics of Symptoms



Endoluminal (Endoscopic) Treatment of GERD

– Thermal methods
• Limit GER by collagen deposition around cardia

– Suturing / stapling methods
• Alter angle of His or elongate/augment LES

– Injection / bulking implant methods
• Augment LES tone with mass effect



Endoscopic Approaches

• Thermal Therapy
– Curon Stretta (Radiofrequency Energy)

• Endoscopic Fundoplication
– Bard Endocinch
– Wilson Cook ESD
– NDO Plicator

• “Bulking Agents”  
– Microvasive Enteryx
– Medtronic Gatekeeper



Endoluminal Treatment: Approved devices

• FDA approval Dates
–  EndoCinch – March 2000
–  Stretta system – April 2000

–  Enteryx – April 2003
–  NDO Plicator – April 2003



My View of Endoscopic Antireflux Technologies: 2005-2018

Come on! It can‘t go
wrong every time...
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Terminology

• Transoral incisionless fundoplication (TIF) is the 
name of the procedure

• EsophyX is the name of the device used to 
perform the TIF procedure



The EsophyX Device: How it works….



History of TIF

• 2005 - Endoluminal Fundoplication
– Gastrogastric plication; 10 fasteners; below z-line

• 2007 – TIF 1.0 (also year of FDA approval)
– Esophagogastric plication; 12 fasteners; 1 cm above z-line

• 2009 – TIF 2.0
– Up to 23 fasteners placed
– More proximal placement of fasteners (1-3 cm above z-line)
– > 20,000 procedures performed
– EsophyX Z+ device introduced in November 2017



Evolution of TIF



Impact of Device Modifications

Bazerbachi, Krishnan, Abu Dayyeh, Gastrointest Endosc 2019;90:370-83



TIF vs. Lap Fundoplication



Endoscopic Imaging Pre- and Post-TIF

Bazerbachi, Krishnan, Abu Dayyeh, Gastrointest Endosc 2019;90:370-83



Schematic Video of TIF Procedure
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Indications

• Age 18+
• Partial to incomplete response of daily GERD(> 1 yr) 

symptoms to PPI (> 6 mos)
• Hill Grade 1-2 flap valve
• Proven GERD by endoscopy, pH study or barium 

imaging
• Hiatal hernia < 2 cm
• Abnormal pH or endoscopy while on PPI



Contraindications



Assessing the GEJ: Hill Grade



Axial and Transverse Hiatal Hernia 
Measurements



Patient Selection

Bazerbachi, Krishnan, Abu Dayyeh, Gastrointest Endosc 2019;90:370-83



Procedure and Post-procedure management

• General anesthesia
• 45 min procedure time (range 30-60 min)
• 2 operators (one for scope; one for EsophyX device)
• Intraop paralysis/PEEP 5-10 cm H20 may aid in avoiding 

diaphragm during plication
• Prophylactic antibiotics as well as IVF and antiemetics 

typically given intra-procedurally
• Typically observed overnight 



Upon Discharge….



Post-procedure: Diet

• Day 0-3
– Clear liquid diet

• Day 4-14
– Blenderized/full 

liquid diet
• Week 3-4

– Pureed foods 
• Week 5-6

– Medium soft foods



Post-procedure: Activity and F/u



Insurance Coverage

• Category 1 CPT code for TIF exists
– 43210: TIF alone
– 43281: TIF & Hernia repair

• Hybrid TIF (laparoscopic hernia reduction and endoscopic 
TIF) covered by all parties (Medicare and private 
insurance)

• Straight TIF (all endoscopic) covered by Medicare
• Authorization for straight TIF needed are with some 

private payors
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TIF: Primary References Used

Bazerbachi, Krishnan, Abu Dayyeh, Gastrointest Endosc 2019;90:370-83.
Vaezi MF, Shaheen NJ, Muthusamy VR. Gastroenterology. 2020 Oct;159(4):1504-1525.



TIF: The Evidence Base

• 5 systematic reviews
• 5 Randomized trials

– 2 c/t sham, 2 c/t PPI, 1 c/t  lap Nissen fundoplication
• Multiple cohort studies
• >140 publications with at least 1600 unique patients
• Longest available f/u are 8 and 10 yrs 



Effectiveness: Summary

• Improved heartburn, regurgitation and GERD-related QOL 
scores c/t sham procedures

• Acid reflux is reduced and even normalized in 40-80% of 
patients.

• Impact on LES pressures not as well studied
• Reduced need for PPI therapy at 5 yrs

– 40-90% able to stop PPI use at various stages of f/u
• TIF appears to be superior to PPI in eliminating or 

reducing regurgitation or extra-esophageal symptoms
 



Systematic Reviews of TIF

• Meta-analysis of 32 TIF studies 
– 1232 patients in 26 studies with TIF 2.0 protocol
– Procedural success rate (immediate) = 99%; AE = 2.0%
– Significant improvement in GERD-HRQOL and pH scores
– Hernia reduction achieved in 91%
– PPI elimination in 88%

• SR and Network Meta-analysis of only RCTs of Lap Nissen or TIF w/ 
sham or PPI

– 7 studies, 1128 patients
– TIF with best improvement in HRQOL
– Nissen better with objective parameters (LES pressure and acid exposure)



TIF 2.0 for Atypical GERD Symptoms

• 10 studies; 564 pts
• RSI 6 & 12 mo data
• Tech success, Adv. 

Events, satisfaction, PPI 
use collected

• RSI
– 6 mo – reduced by 15.72
– 12 mo – reduced by 14.73

Haseeb M et al, GIE, 97:3, 2023, 394-406



TIF 2.0 Data Summary



TIF & pH Reduction



Adverse Events

• Serious adverse event (SAE) rate of 2.0-2.4% in the 2 largest meta-
analyses
– Nearly half (9/19) occurred with TIF 1.0 procedure

• This appears to be decreasing with time – likely due to operator 
experience and device refinements

• Most commonly reported SAEs:
– Perforation – 0.9% (none in 5 RCT of TIF 2.0 technique)
– Post-TIF bleeding – 0.6%
– Pneumothorax – 0.5%



Systematic Reviews of TIF

• Long term (>= 3 yrs) TIF F/u
• 8 studies; 418 pts
• Mean f/u 5.3 yrs (3-10 yrs)
• The pooled proportion of patient-reported satisfaction before and after TIF was 

12.3% [12.3–35.1] and 70.6% [51.2–84.6] respectively, corresponding to an odds 
ratio of 21.4 [3.27–140.5]. 

• Pooled rates of patients completely off PPIs and on occasional PPIs were 53.8% 
[42.0%-65.1%] and 75.8% [67.6–82.6]

• Pooled mean GERD-HRQL scores off PPI were 26.1 [21.5–30.7] and 5.9 [0.35.1–
11.4]

• Pooled rates of heartburn and regurgitation scores normalization were 73.0% 
[0.62–0.82] and 86% [75.0–91.0].

Testoni Sabrina et al. Endoscopy International Open 2021; 09: E239–E246.



Very Long Term Durability

• 10 yr data: Testoni et al, Endoscopy International Open 2019; 07: E647–E654
– 50 pts, 14 with 10 yr f/u
– 91.7% w/ 10 yr f/u had stopped or halved anti-secretory use

• 8 yr data: Chimukangara et al, Surg Endosc. 2019 April ; 33(4): 1304–1309.
– 2007-2014; N=57
– Median f/u 97 months; 23 w/ long term f/u
– 73% on daily anti-secretory use; 78% satisfied/neutral w/ GERD management 

• 9 year data: Bell RCW et al, Ther Adv Gastroenterol 2021 1-11. 
– Single Center Prospective Registry 11/08-7/15; N =151; no hernia repair; f/u in 131
– 64% with >50% reduction in GERD-HRQL at 4.92  median yr f/u
– 22% on daily PPI among those w/ > 5 yr f/u; 22% revised to LNF



Concept of “C-TIF”

• Concomitant Surgical Hiatal Hernia Repair and TIF procedure
• For > 2 cm hiatal hernias
• Done in Operating Room
• 60 pts with > 2 cm hiatal hernia; 2018-2020
• 100% technical success
• Reflux Disease Questionnaire for frequency and severity improved significantly from (17.4 to 4.72; 

p < 0.01 and 16.7 to 4.56; p < 0.05, respectively) at 6 mos. 
• GERD HRQL scores decreased in heartburn (23.26 to 7.37; p < 0.01) and regurgitation (14.26 to 

0; p = 0.05). 
• Reflux Symptom Index decreased after cTIF (17.7 to 8.1 post cTIF; p < 0.01). 
• Mean DeMeester score decreased from 43.7 to 4.9 and acid exposure time decreased from 

12.7% to 1.28% post cTIF (p = 0.06).

Choi AY et al, Jl of the Am Coll of Surg, March 2021, 232(3): p 309-318.   



C-TIF vs. Laparoscopic Nissen Fundoplication

• Multicenter, retrospective; N=125 
TIF and 70 LNF

• HH 2-5 cm in size; both groups got 
HH repair and fundoplication

• No difference in: stop/reduction in 
PPI use, dysphagia, esophagitis, 
disruption of wrap or HH recurrence

• TIF had shorter hospital stay, lower 
30 d readmission, less bloating and 
lower early and serious AE 

Jaruvongvanich VK et al, Endosc Int Open, 2023, E11-18



TIF vs. LNF

TIF Endoscopic view of LNF



Additional Recent Data
• Cost Effectiveness

– TIF cost effective compared to surgery or medical therapy (BID PPI) over 10 yrs & lifetime
– Costs: TIF 2.0 ($ 13,978.63) vs. $ 17,658.47 for LNF and $10,931.49 for PPI.
– Compared to the PPI strategy, TIF 2.0 was cost-effective with an incremental cost of $ 3,047 

and incremental effectiveness of 0.29 QALYs, resulting in an ICER of $ 10,423.17 /QALY 
gained.

– TIF 2.0 dominated LNF

• Learning Curve
– Proficiency achieved at 18-20 procedures; Maximum plication efficiency after 26 procedures
– Overall procedure time about 39 min after 44 procedures

• TIF to Revise Prior LNF (N=20)
– Esophagitis healed in 78% of patients & significantly improved GERD-HRQL and RSI scores. 
– Mean acid exposure time decreased from 12% ± 17.8 to 0.8% ± 1.1 (p = 0.028) with 9 patients 

with normalized pH post-TIF. McCarty TR et al, Endosc Int Open 2022; 10:E923-E932. 
Dbouk M et al, Endosc Int Open 2021; 9:E1785-E1791.
Ghosh G. et al, Surgical Endoscopy, 2023, Vol. 37, p. 3701–3709.
 



When to Use TIF?



My Thoughts on Why to Use TIF

• For patients who don’t desire long-term medications (concerns about 
long-term side effects, drug interactions, compliance issues)

• GERD symptoms controlled by PPI but with persistent regurgitation or 
supra-esophageal symptoms

• Adequate fundoplication but not so tight as to lead to dysphagia/gas 
bloat (about 80% reduction in these symptoms c/w Nissen)

• Easy to revise
• Doesn’t eliminate future surgical fundoplication as an option if needed 

or desired



Summary/Conclusions

• TIF appears to be a safe, effective and relatively durable 
technique anti-reflux procedure that improves symptoms, 
reduces PPI use and improves and often normalizes objective 
parameters of reflux (pH study)

• Careful patient selection and pre-procedure workup (hernia 
assessment) is essential to achieving clinical success

• The technique does not preclude subsequent fundoplication and 
may also be used after failed prior fundoplication
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