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Abstract

Background Transoral incisionless fundoplication (TIF),

a novel endoscopic procedure for treating gastroesophageal

reflux disease (GERD), currently is under evaluation. In

case of treatment failure, subsequent revisional laparo-

scopic antireflux surgery (rLARS) may be required. This

study aimed to evaluate the feasibility, safety, and out-

comes of revisional antireflux surgery after previous

endoscopic fundoplication.

Methods Chronic GERD patients who underwent rLARS

after a previous TIF procedure were included in the study.

Pre- and postoperative assessment included GERD-related

quality-of-life scores, proton pump inhibitor (PPI) usage,

24-h pH-metry, upper gastrointestinal endoscopy, and

registration of adverse events.

Results Revisional laparoscopic Nissen fundoplication

was feasible for all 15 patients included in the study

without conversions to open surgery. Acid exposure of the

distal esophagus improved significantly after rLARS, and

esophagitis, PPI usage, and hiatal hernia decreased. Quality

of life did not improve significantly after rLARS, and 33 %

of the patients experienced dysphagia.

Conclusion Revisional laparoscopic Nissen fundoplica-

tion was feasible and safe after unsuccessful endoscopic

fundoplication, resulting in objective reflux control at the

cost of a relatively high rate of dysphagia.
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Abbreviation

TIF Transoral incisionless fundoplication

GERD Gastroesophageal reflux disease

PPI Proton pump inhibitor

rLARS Revisional laparoscopic anti-reflux surgery

At the beginning of this century, endoscopic procedures for

the treatment of gastroesophageal reflux disease (GERD)

were introduced as a less invasive alternative to laparoscopic

antireflux surgery (LARS) [1]. Techniques included radio-

frequency ablation, injection therapy, and suturing or sta-

pling techniques [2–5]. The outcomes of endoscopic

antireflux techniques, however, were disappointing, and

many techniques have been abandoned. Of these techniques,

the suturing and stapling techniques are the most similar to

antireflux surgery because they attempt to reconstruct the

anatomic reflux barrier at the gastroesophageal junction.

Transoral incisionless fundoplication (TIF), designed to

resemble parts of the surgical fundoplication, currently is

under evaluation. Although early reports showed encour-

aging outcomes, a number of early series resulted in reports

of a substantial treatment failure rate [6–9].
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In case of failure, subsequent revisional laparoscopic

antireflux surgery (rLARS) would be an obvious next step

in an attempt to control reflux in these patients. However,

this could be technically more challenging due to the altered

anatomic situation around the gastroesophageal junction

induced by the endoscopic procedure and could lead to an

increased rate of complications or suboptimal outcomes.

The current study aimed to evaluate the feasibility and

safety of rLARS after previous TIF and to assess its effi-

cacy in subjective and objective reflux control.

Methods

Patient characteristics

Patients who underwent rLARS after a previous TIF were

included in the study. These patients were selected from a

group prospectively followed in the context of clinical

trials evaluating the TIF procedure at our institution

between 2006 and 2008. Written informed consent was

obtained from the patients, and the protocols were

approved by the local medical ethics committee.

The TIF procedure was offered to GERD patients referred

for surgical management by their gastroenterologists because

they were refractory to antisecretory medication or dissatis-

fied with it. The inclusion criteria for the TIF procedure were

chronic GERD ([6 months), age of 18 to 75 years, BMI

lower than 36 kg/m2, and normal or hypotonic lower

esophageal sphincter (LES) resting pressure (\30 mmHg).

The presence of gastroesophageal reflux was confirmed

by pathologic 24-h esophageal pH monitoring. Patients

were excluded from the study if they had a large hiatal

hernia ([5 cm), Barrett’s esophagus, a hypertonic LES

resting pressure, or motility disorders. In case of treatment

failure after TIF, antisecretory medication was resumed on

demand. The rLARS procedure was offered in case of

continuing or recurrent typical GERD symptoms while the

patient was receiving antisecretory medication in combi-

nation with anatomic wrap failure at endoscopy or patho-

logic pH measurements.

Procedure details

The TIF procedure was performed according to the TIF

protocol previously described using the EsophyX-device

(EndoGastric Solutions, Inc., Redmond) [10]. With the

patient under general anesthesia and endotracheally intu-

bated, a partial fundoplication was established endoscopi-

cally by performing sequential retractions of tissue and

placement of multiple polypropylene H-fasteners.

The rLARS procedure included restoration of the pre-

TIF anatomy by taking down the endoscopically created

fundoplication via meticulous sharp dissection through the

serosal adhesions and fasteners using endoscopic scissors.

Subsequently, after mobilization of the fundus by dissection

of two or three short gastric vessels, a ‘‘floppy’’ laparoscopic

360� Nissen fundoplication was performed by two experi-

enced upper gastrointestinal (GI) surgeons. Adverse events

during the surgery and postoperatively were recorded.

GERD monitoring

Objective and subjective GERD monitoring was performed

at baseline and 3 to 6 months after each intervention (TIF and

rLARS) according to protocol. At baseline (pre-TIF), after

TIF, and after rLARS, symptomatic outcome was assessed

using a GERD-related quality-of-life questionnaire (Health-

Related Quality of Life [HRQL]) developed and validated to

measure typical GERD symptoms in response to GERD

therapy using a visual analog scale [11, 12]. General health

condition satisfaction scores were monitored by the responses

of patients as ‘‘satisfied,’’ ‘‘neutral,’’ or ‘‘dissatisfied.’’

All the patients were advised to stop PPI usage 2 weeks

after TIF or surgery and instructed to resume PPI usage in

case of recurrent GERD-related symptoms. Their PPI

usage was recorded in a drug diary. Objective assessment

was performed by measurements of the distal esophageal

acid exposure using the Orion II Ambulatory 24-h pH

system (Medical Measurement Systems, Enschede, The

Netherlands). A pH lower than 4 for up to 4.2 % of the

monitoring time was considered physiologic esophageal

acid exposure. Hiatal hernia, esophagitis (Los Angeles

classification scale) and appearance of the fundoplication

was evaluated by upper GI endoscopy at baseline and after

each intervention.

Statistical analysis

Data distribution was evaluated using the Kolmogorov–

Smirnov test. The acid exposure time and satisfaction rate

were compared using the Wilcoxon signed rank test, and a

paired Student’s t-test was used to compare GERD-HRQL

scores. Statistical analysis was performed using Prism

software version 5 (Graph Pad, San Diego, CA). Through-

out this report, data are presented as mean ± standard error

of the mean (SEM) or as median (interquartile range [IQR])

depending on data distribution. Differences were consid-

ered statistically significant at a p value lower than 0.05.

Results

At the time of data collection, 43 patients had undergone

the TIF procedure at our institution in the context of clin-

ical trials. Of these 43 patients, 38 had undergone the TIF1
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procedure and 5 had undergone the TIF2 procedure in two

different trials. Of the 15 patients who underwent rLARS,

14 had undergone a previous TIF1 procedure and 1 had

undergone a previous TIF2 procedure.

The median age of the patients was 49 years (range

25–65 years), and seven of the patients were women. The

mean interval between TIF and rLARS was 17 months

(range 7–34 months), and mean follow-up period after

rLARS was 14 months (range 3–34 months).

Patients, eligible for rLARS had continuing or recurrent

GERD symptoms after TIF in combination with disruption

of TIF fasteners (found in 76 %, with partial disruption in

53 % and complete disruption in 13 %) or pathologic acid

exposure (found in 73 %).

The rLARS procedure was feasible for all the patients

without the necessity of conversion to open surgery. The

mean operation time was 112 min (range 57–206 min).

The perioperative adverse events included a gastric perfo-

ration in one patient during dissection of the endoscopic

fundoplication. The perforation was noted during the sur-

gery and closed by endoscopic suturing. Postoperative

upper GI radiography did not show leakage, and the event

had no further consequences for the patient.

The major postoperative adverse event was dysphagia in

33 % of the patients, with 27 % needing one or more

endoscopic pneumodilations. Other adverse events were

mild and resolved for the majority of patients within the

first week after rLARS.

The GERD-related quality-of-life scores after rLARS

(18 ± 4) were improved significantly compared with base-

line scores (32 ± 4) (p \ 0.05), although the improvement

between post-TIF and rLARS (23 ± 5) was not statistically

significant (Fig. 1). The satisfaction score after surgery was

significantly improved compared with the baseline score but

did not differ from the score after TIF (Table 1).

The median acid exposure time after rLARS (1.5; range

0.2–8.6) was significantly decreased compared with post-

TIF (9.0; range 4.5–16.6) (p \ 0.05) but not compared with

baseline (7.1; range 5.9–12.8), and was normalized in 67 %

of the patients (Fig. 2). After rLARS esophagitis, PPI

usage and hiatal hernia improved (summary of outcomes is

listed in Table 1).

Discussion

When medical therapy fails, surgery has been the only

alternative for GERD patients. Laparoscopic Nissen fun-

doplication has become the gold standard, showing excel-

lent outcomes in terms of GERD control [13]. Still,

clinicians are reluctant to refer patients for surgery due to

the invasiveness and complications such as dysphagia.

Endoscopic fundoplication, introduced as an attractive

minimally invasive alternative, is expected to have fewer

side effects [14].

Unfortunately, in the early experience, endoscopic fun-

doplication did not control GERD satisfactorily in all

patients. In fact, a substantial failure rate has been descri-

bed [7, 8, 15]. Subsequently, rLARS would appear to be

the next step for this group of patients. In this study, we

report the outcomes of revisional surgery for unsuccessful

previous TIF procedures in 15 patients.

In the majority of the patients included in this study,

failure of the endoscopic fundoplication seemed to be caused

by disruption of the polypropylene H-fasteners, which

implies concerns about the durability of the endoscopically

created fundoplication. Technically, rLARS after TIF was

feasible for all the patients without conversions to open

surgery. However, previous TIF showed a substantial change

in anatomy, created with the TIF procedure, and with res-

toration of the ‘‘pre-TIF anatomic situation,’’ operation times

were longer compared with primary LARS [16].

We encountered one gastric perforation as the only

adverse event during surgery. The postoperative adverse

events included a high rate of dysphagia (33 vs. 13 % after

primary Nissen fundoplication) [16]. Dysphagia is difficult

to cure and has, as shown in the current study, a serious

impact on GERD-related quality of life. The question arises

as to why the rate of dysphagia was high in this group.

Tension-free 360� Nissen fundoplications were performed

by two experienced upper GI surgeons. We do not routinely

use a bougie for calibration, and no bougies were used during

the rLARS procedures. Besides restoration of the anatomy,

the procedure did not differ from our standard primary LARS,

after which dysphagia is uncommon. We take due care in

creating a tension-free fundoplication by mobilizing the

Fig. 1 GERD-HRQL scores at baseline, after TIF and after rLARS.

Data are presented as mean and standard error of the mean.

*p \ 0.05, NS non-significant
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fundus along the greater curvature, about 10–15 cm inferior

to the angle of His, with dissection of two to three short gastric

vessels. After completion of the wrap, it is routinely checked

for rotational tension by pulling the fundus through the retro-

esophophafeal window to create a 360� wrap, which should

stay in place after its release. A posterior crural repair is

performed until the empty esophagus is just reached. The

additional scar tissue at the fundus after the TIF procedure

could perhaps be responsible for additional tension and

therefore could be the cause for dysphagia.

Perhaps a bougie should have been be used in rLARS

during wrap construction and crural closure. In a random-

ized controlled trial, Patterson et al. reported a significant

decrease in postoperative dysphagia for patients who had a

56-Fr bougie placed during primary LARS compared with

patients who had no bougie placed [17].

We speculate that a partial fundoplication such as the

Toupet procedure may be a superior option for rLARS.

Findings have shown the partial posterior fundoplication to

be equally effective in reflux control, with less postopera-

tive dysphagia in primary LARS [16]. On the other hand it

is remarkable that revisional Nissen fundoplication after

previous anti-reflux surgery does not result in a signifi-

cantly increased rate of postoperative dysphagia (3–17 %)

compared to primary LARS and results in improved GERD

related quality of life scores [18–20].

For the 15 selected study patients, the pH measurements

did not improve after TIF compared with baseline, and a

slight increase in acid exposure of the distal esophagus is

suggested (Fig. 2). A degradation of the antireflux barrier

due to the endoscopic procedure also has been reported by

other groups and ascribed to the learning curve for the TIF

technique and the prototype device [8].

Table 1 Summary of outcomes of rLARS following previous TIF-procedure

Pre-TIF Post-TIF Post-rLARS

No. patients n = 15 n = 15 n = 15

HRQL-SCORE 32 ± 4 23 ± 5 18 ± 4

Satisfaction score (%)

Satisfied 0 33 33

Neutral 67 53 53

Dissatisfied 33 13 13

PPI-usage (%)

Double dose PPIs daily 67 27 13

Single dose PPIs daily 20 20 27

No PPIs 13 53 60

Acid exposure time (% of time pH \ 4) 7.1 (5.9–12.8) 9 (4.5–16.8) 1.5 (0.2–8.6)

Hiatal hernia size (%)

None 33 47 93

Small (1–2 cm) 53 40 7

Medium (3–5 cm) 13 13 0

Esophagitis (%)

None 47 47 60

Grade A 13 20 27

Grade B 27 27 7

Grade C 0 0 0

Grade D 13 6 6

Values are medians (ranges) os percentages

Fig. 2 Esophageal acid exposure time (%) measured at baseline, after

TIF and after rLARS. Data are presented as medians. *p \ 0.05,

NS non-significant
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Currently, the TIF2 technique with the second-generation

EsophyX device has been introduced and is suggested to

improve outcomes [21]. The major difference between the

initial TIF1 technique and TIF2 is the order and location of

fastener placement, with the addition of rotational and lon-

gitudinal elements to an esophagogastric instead of a gast-

rogastric fundoplication [22]. Although acid exposure

increased, GERD-related quality of life improved after TIF.

This outcome confirms the poor correlation between symp-

toms and objective GERD testing and may be explained by a

placebo effect at the time of data collection. In the experience

with other early endoscopic GERD therapies, this effect was

reported to be as high as 25–50 % [23, 24] .

After rLARS, acid exposure of the distal esophagus

improved significantly, and esophagitis, PPI usage, and

hiatal hernia decreased. Despite improved objective reflux

control, the GERD-related quality of life did not improve

significantly, nor did the general satisfaction scores, mainly

due to the high rate of dysphagia, which is represented in

the GERD-HRQL scores.

The single other study on this topic was published by

Furnee et al. [25]. In their study, 11 patients underwent lap-

aroscopic Nissen fundoplication after a failed TIF procedure.

Gastric perforations occurred in 27 % of the patients,

resulting in one conversion to laparotomy and a subphrenic

abcess requiring additional surgical exploration in one

patient. Reflux control after rLARS was satisfactory, but

dysphagia after rLARS was high in their series as well (27 %).

The limitations of the current study were the small

group of patients, the short follow-up period, and the

selection bias due to enrollment of all the subjects from a

group of highly selected patients in the context of clinical

trials with the TIF procedure.

We conclude that revisional laparoscopic Nissen fun-

doplication is, although technically challenging, feasible

and safe after failed endoscopic fundoplication. In this

study, a significant improvement in objective reflux control

was established at the cost of a relatively high rate of

dysphagia, which had an impact on quality of life. How to

prevent postoperative dysphagia after rLARS remains

unclear and needs further research.
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