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Introduction

The incidence of gastroesophageal reflux disease (GERD) 
continues to rise worldwide, with an estimated prevalence 
of 18–28% in North America and 9–26% in Europe (1). 
Pharmacological therapy with proton pump inhibitors 
(PPI) is the main stay treatment of this common disease, 
and accounts for the bulk of its high cost on society (2).  
Medications can lose efficacy over time and are associated 
with side effects such as small intestinal bacterial 

overgrowth, osteoporosis, and concerns have been recently 
raised regarding increased risk of cardiac events (3). 
Surgical management is reserved for patients with severe 
or uncontrolled symptoms despite medications, and those 
desiring to discontinue them because of side effects or other 
reasons. Historically, surgery consisted of a full or partial 
fundoplication and more recently, magnetic sphincteric 
augmentation (Linx®) demonstrated comparable short-
term outcomes (4). The choice of surgery depends on many 
factors, including patient’ symptoms, esophageal function, 
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and comorbid conditions. In fact, GERD is frequently 
associated with other disorders, such as gastroparesis, 
eosinophilic esophagitis and esophageal dysmotility. The 
latter can complicate the choice of fundoplication, from the 
fear of creating or worsening symptoms of dysphagia.

In this report, we review the pathophysiology of 
GERD with a particular focus on the contributing role 
of esophageal dysmotility. We also discuss the different 
surgical options for managing GERD in patients with 
baseline non-achalasia esophageal dysmotility syndromes. 

Pathophysiology of GERD and esophageal 
dysmotility

The pathophysiology of  GERD is  mult i factoria l 
and complex, but revolves around an incompetent 
esophagogastric junction (EGJ) as an anti-reflux barrier, in 
the form of transient lower esophageal sphincter relaxations 
(TLESR) and/or a hypotensive EGJ (5). Furthermore, 
the presence of a hiatal hernia (HH) further impairs the 
anti-reflux barrier, contributing to reflux development. 
Additional non-esophageal pathologies can also promote 
GERD: for instance, xerostomia and impaired saliva 
production reduce the neutralization of the esophageal 
mucosa when acid gastro-esophageal reflux occurs. Delayed 
gastric emptying and acid hypersecretion conditions 
naturally lead to higher exposure to gastric acid at the EGJ 
as well. Finally, perception of reflux events can be affected 
by esophageal sensitivity (6).

The advent of high resolution manometry (HRM) has 
allowed a more sophisticated analysis of esophageal motor 
function in comparison to conventional manometry, and 
a better understanding of the EGJ, which comprises both 
the lower esophageal sphincter (LES) and crural diaphragm 
(7-9). Specifically, HRM characterizes esophageal 
peristalsis by the distal contractile integral (DCI), which 
measures the vigor of smooth muscle contraction taking 
into consideration the length, duration and amplitude 
of contraction. A DCI threshold of 450 mmHg/cm/s 
correlates with an average distal peristaltic amplitude of  
30 mmHg, the original threshold defining ineffective 
swallows on conventional manometry (10).

While intact peristalsis is the most common finding in 
patient with GERD, three main esophageal dysmotility 
patterns have been recently recognized (6). The most 
frequent abnormal pattern is a weak or absent second 
segment, which manifests as either fragmented peristalsis  
(>5 cm break with DCI >450 mmHg/cm/s in ≥50% 

sequences) or ineffective esophageal motility (IEM) where 
the DCI <450 mmHg/cm/s in ≥50% sequences. The most 
severe abnormality is absent contractility, characterized 
by a DCI <100 mmHg/cm/s in all sequences (Figure 1). 
This extreme form of aperistalsis, often described as a 
scleroderma-like esophagus, was found in 3.2% in a review 
of 1,081 patients who underwent HRM prior to anti-reflux 
surgery (11). 

Unsurprisingly, these hypomotility syndromes lead to 
ineffective clearance of the refluxate and prolong esophageal 
body acid exposure. In fact, Diener and colleagues 
demonstrated more reflux episodes, longer acid exposure 
and slower esophageal acid clearance in GERD patients with 
IEM compared to those with normal esophageal motility (12). 
In a review of 827 patients, Meneghetti et al. further showed 
that worsening of esophageal mucosal injury (in a spectrum 
from no esophagitis to Barrett’s esophagus) correlated with 
progressive deterioration of esophageal motor function with 
impairment of acid clearance and increased esophageal acid 
exposure (13). Whether esophageal dysmotility is a cause 
of magnification of the effect or reflux or a consequence of 
reflux itself remains unclear. It is believed that esophageal 
mucosal damage can lead to reduced esophageal compliance 
and an increased bolus progression resistance (14,15).

Systemic sclerosis and GERD

Systemic sclerosis is a rare multisystemic autoimmune 
connective tissue disorder characterized by fibrosis of 
the small arteries and excess deposition of collagen. The 
disease most commonly involves the skin, lungs, and 
gastrointestinal tract, particularly the esophagus, which 
is affected in up to 80% of patients (16). From a motor 
function standpoint, scleroderma esophagus is characterized 
by a combination of absent esophageal body contractility 
and a hypotensive LES, both of which are found in more 
than 50–60% of patients with the systemic disease (17). 
Scleroderma is also associated with gastric dysmotility and 
impaired saliva production, which further compromised 
bolus transit and reflux clearance contributing to GERD. 
As such, as many as 80% of patients develop heartburn 
and dysphagia within 2 years of their diagnosis (18). 
Complications of GERD are also common in scleroderma, 
including erosive esophagitis (up to 65%), peptic strictures 
(up to 30%), Barrett’s esophagus (up to 37%) (16). In this 
context, it is important to note that obstructive symptoms 
of dysphagia may not just be due to esophageal dysmotility, 
but also to peptic stricture or candida esophagitis (18). 
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This notion is important in interpreting the incidence of 
dysphagia before and after fundoplication in the literature, 
not just in patients with scleroderma, but any patient with 
dysmotility syndrome undergoing anti-reflux surgery. In 
fact, a recent review of 269 patients without prior surgery 
did not show a good correlation between esophageal 
symptoms and HRM metrics (19).

Effects of fundoplication on esophageal motility 

In order to better review the literature on the safety of 
fundoplication in the context of esophageal dysmotility 
syndromes, it is worthwhile to first examine the effects 
of anti-reflux surgery on esophageal motility. It is also 
important to distinguish between ineffective esophageal 
motility and complete aperistalsis when interpreting the 
literature, and take into consideration the nuances between 
conventional manometry and HRM. As discussed earlier, 

GERD is pathophysiologically related to inappropriate 
and unprovoked transient LES relaxations. Surgical 
fundoplication (± HH repair) is believed to change the 
mechanical properties and action of the EGJ that result 
in incomplete abolition of the high-pressure zone during 
LES relaxation and reduced triggering of transient 
sphincter relaxations (20,21). As we review here, the effect 
of fundoplication on the actual esophageal motility varies 
throughout the literature. 

For instance, an early report by Stein and colleagues 
showed normalization of the LES pressure, increased 
contraction amplitude and reduced prevalence of low-
amplitude contractions in 40 patients who underwent 
stationary manometry before and at a median of 30 months 
after Nissen (360 degrees) fundoplication (22). Despite 
adequate and durable reflux symptom control after either a 
Nissen or a 180-degree posterior fundoplication, Rydberg  
et al. did not report any significant change in esophageal 

Figure 1 High resolution manometry. (A) Normal esophageal motility; (B) fragmented peristalsis; (C) ineffective esophageal motility (IEM); 
(D) failed peristalsis. 
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motor function on repeat manometry 3 years after 
surgery (23). Similarly, Fibbe and colleagues randomized 
200 patients into two groups: 100 patients with normal 
esophageal motility, and another 100 patients with motility 
disorders. In each group, patients were randomized 
to undergo either Nissen or Toupet (270 degrees) 
fundoplication (n=50 in each of the 4 arms). Esophageal 
motility disorders were defined as mean contraction 
amplitude less than 40 mmHg and/or failed primary 
peristalsis of 10 wet swallows in more than 40% on 
conventional manometry. At 4-month follow-up, repeat 
manometry showed no significant difference in esophageal 
motor function in 85% of patients. The only noticeable 
finding was an increase in the LES resting pressures post-
operatively, and that was more significant in the Nissen 
group compared to the Toupet, even more so in patients 
with pre-operative esophageal dysmotility (24). In a series 
of 300 patients who underwent either a Nissen or a Toupet, 
Hunter and colleagues reported improvement in esophageal 
peristalsis in 47% of patients with baseline impaired motility 
at 1 year, with the esophageal body pressure increasing 
in 75% of those with low preoperative contraction 
amplitude (<60 mmHg) (25). On the other hand, worsening 
esophageal body pressure was seen in 10% of patients.

While all these studies are based on conventional 
manometry, Rerych et al. recently reported on 25 patients 
with GERD who underwent HRM before and 3–5 months 
after laparoscopic Nissen fundoplication (26). The authors 
found a significant increase in the mean and minimal basal 
EGJ pressure in the post-operative patients. Moreover, 
DCI was significantly higher post-operatively, and based 
on the DCI threshold of 450 mmHg/sec/cm a trend from 
ineffective to effective esophageal motility was also observed 
(P=0.07).

Clinical outcomes of fundoplication in patients 
with esophageal dysmotility

The early literature describing the outcomes of anti-reflux 
surgery in patients with esophageal dysmotility was mainly 
on scleroderma patients with complete aperistalsis, and 
reported mixed results (27-31). For instance, Mansour and 
Malone described their 12 years’ experience on 11 patients 
using a variety of anti-reflux procedures including Belsey-
Mark IV, Collis-Nissen and Collis-Belsey. Despite early 
encouraging results in terms of reflux control, all patients 
demonstrated recurrence of esophagitis on endoscopic 
studies at a mean follow-up of 7.4 years (29). Orringer and 

co-workers initially reported reasonable control of GERD in 
scleroderma patients with a Collis-Belsey fundoplication (30). 
However, late recurrence of reflux symptoms occurred 
in 41% of these patients over 42 months, prompting the 
authors to favor a Collis-Nissen repair, which demonstrated 
a 25% recurrence at 22 months postoperatively (31). In a 
different study, a Hill repair was performed on 29 patients 
with symptomatic GERD, 73% of which had pre-operative 
non-stricture related dysphagia. The authors reported 
resolution of the dysphagia after surgery, despite persistence 
of the esophageal dysmotility on radionuclide esophageal 
transit studies that were performed on 20/29 patients post-
operatively (32).

Fundoplication in patients with weak/ineffective esophageal 
peristalsis

With the advent of minimally invasive approaches and 
the refinement of esophageal functional studies, multiple 
publications attempted to elucidate the role of a tailored 
fundoplication in the management of esophageal reflux. 
In general, weak peristalsis was defined on conventional 
manometry as a distal esophageal contraction amplitude 
<30 or <40 mmHg. Reviewing their experience at UCSF, 
Patti et al. reported that 19% of patients with esophageal 
dysmotility (n=141) who underwent a partial (240 degrees) 
fundoplication had objective evidence of symptomatic reflux, 
compared to 4% symptomatic failure rate in the group 
of patients (n=94) who underwent a laparoscopic Nissen 
fundoplication; the incidence of post-operative dysphagia 
was similar between the 2 groups and the average duration 
of follow-up was 67 months; the author (33). Similarly, a 
multicenter retrospective review of 48 patients with severe 
esophageal dysmotility (contraction amplitude <30 mmHg 
and/or >70% non-peristaltic esophageal body contractions) 
appear to demonstrate the safety of laparoscopic Nissen 
fundoplication. Although early dysphagia occurred 
in 35 patients (73%), persistent dysphagia was found 
in two patients only (4.2%), including one patient 
with severe preoperative dysphagia which improved 
postoperatively; only one patient required a re-operative  
fundoplication (34). These results were comparable to 
another series by Tsereteli and co-workers, who found 
that the patients who experienced dysphagia post-Nissen 
were the same who had pre-operative dysphagia, whether 
they were in the IEM (n=21) or normal motility group 
(n=63). Of note, the mean follow-up time in this study was 
6 months only (range, 1–60 months), and patients did not 
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undergo any post-operative manometry testing (35).
Two randomized trials were also conducted to investigate 

the need for tailoring fundoplication. Booth et al. stratified 
127 patients with established GERD into effective (n=75) 
and ineffective (n=52) esophageal motility groups, based 
on preoperative manometry. Patients in each group were 
randomized to either Nissen (n=64) or Toupet (n=63) 
fundoplication. Dysphagia of any degree (27% vs. 9%; 
P=0.018) and chest pain while eating (22% vs. 5%; P=0.018) 
were more prevalent at 1 year in the Nissen group, but there 
were no differences in postoperative symptoms between the 
effective and IEM groups. On post-operative manometry 
at 6 months (75 out of the 127 patients), there was also 
no clear pattern of transition from normal preoperative 
motility to IEM, or the other way around (36). Strate and 
colleagues also randomized 200 patients in a similar fashion 
based on conventional manometry.

Although dysphagia was seen more often in the total 
group of Nissen patients than in the total group of Toupet 
patients, there was no difference between the effective 
and IEM groups; furthermore, satisfaction with surgery 
was comparable between the latter 2 groups (83% vs. 
87%, respectively). On manometry at 2 years, both 
Nissen and Toupet fundoplications significantly increased 
the postoperative LES intra-abdominal length, but a 
significantly increased LES pressure was only seen after 
Nissen (37).

These studies suggest that tailoring anti-reflux surgery 
in patients with ineffective or weak esophageal peristalsis 
may not be necessary, as motility disorders do not seem 
to correlate with postoperative dysphagia. Pre-operative 
dysphagia seems to be a better predictor of postoperative 
dysphagia than the motor pattern, and both partial and 
total fundoplication can result in similar symptomatic 
reflux improvement in that setting. As discussed earlier, 
the clear lack of correlation between dysphagia and 
esophageal functional studies has also been found in the 
more contemporary HRM, underlying the complexity 
of esophageal perception and symptom generation that 
may potentially involve factors other than circular muscle 
contraction (19,38). 

Fundoplication in patients with esophageal aperistalsis

The literature describing the outcomes of fundoplication 
in patients with complete esophageal aperistalsis is more 
limited, and quite often patients are mixed along those 
with any degree of esophageal dysmotility. In fact, some 

authors consider the absence of esophageal contractility 
as a contra-indication to fundoplication from the fear of 
creating pseudo-achalasia (39). This being said, Armijo and 
colleagues recently reported a series of 51 patients with 
esophageal dysmotility on either conventional manometry 
or HRM: 9 patients had esophageal body motility and 42 
severe hypomotility. These patients underwent a Toupet 
fundoplication with a hiatal hernia repair (31 patients had a 
HH >5 cm). At a mean follow-up of 25 months (1–7 years),  
the authors reported significant improvement in GI 
symptoms, including heartburn, regurgitation and use of 
PPI. Despite persistence of dysmotility on upper gastro-
intestinal studies that were performed at 12 months, the 
long-term incidence of dysphagia was 26.7% compared 
to 58.8% pre-operatively (40). Watson and colleagues 
reported on 26 patients with an aperistaltic esophagus 
who underwent a laparoscopic fundoplication (4 Nissen, 
22 Dor). Using a standardized symptom assessment 
questionnaire, good long-term outcomes were observed at 
5–12 years’ follow-up (overall improvement of 93%), with 
87% of patients eating a normal diet at 2 years. Only two 
patients underwent re-operative surgery (41).

We also recently published our own experience on 34 
patients with GERD and esophageal hypomotility on HRM, 
10 of which had systemic scleroderma (13 patients had 
scleroderma-like esophagus, 21 had ineffective peristalsis). 
Minimally invasive fundoplications included Toupet (30), 
Dor (2), and Nissen (2). Only one patient required surgical 
revision at 4 months postoperatively, while 41% of patients 
were asymptomatic and 56% had reduced symptoms at 
a mean follow-up of 36 weeks. Persistent dysphagia was 
noted in four patients (11.7%) and was successfully treated 
with endoscopic dilation (42). We are currently reviewing 
our more extensive experience in patients with reflux 
disease in the setting of esophageal dysmotility, including 
those with interstitial lung disease; we particularly plan on 
examining the long-term outcomes of fundoplication and 
confirm the safety of partial fundoplication in scleroderma-
like esophagus. In our practice, patients with esophageal 
motility disorders and reflux disease are discussed in a 
multidisciplinary conference after comprehensive testing 
including HRM. In general, we favor a partial posterior  
(270 degrees) fundoplication (Toupet) in patients with 
ineffective motility or fragmented peristalsis. Patients 
with complete aperistalsis (scleroderma-like esophagus) 
and prominent reflux symptoms can selectively be offered 
a tailored partial posterior wrap (180–270 degrees) after 
thorough counseling. 
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Surgical alternatives to fundoplication in 
patients with GERD and severe esophageal 
dysmotility or aperistalsis

Surgical fundoplication is not the only surgical procedure 
described for the management of GERD in the setting of 
severe esophageal dysmotility. In fact, Roux-en-Y gastric 
bypass (RYGBP) is known to reduce acid reflux in the 
morbidly obese population, partially by achieving the 
greatest excess weight loss among all bariatric surgeries 
(43,44). Furthermore, the small gastric pouch has minimal 
acid content as the acid-producing mucosa of the fundus is 
excluded, and the roux limb prevents biliary reflux into the 
pouch and the esophagus.

For these reasons, RYGBP has been proposed as a viable 
surgical alternative for GERD patients with complete 
aperistalsis. For instance, Yan and colleagues recently 
reviewed a series of 14 patients with systemic sclerosis 
(scleroderma) and GERD who underwent 7 RYGBP 
and 7 fundoplications: 2 Nissen, 4 Toupet (including 2 
concomitant Collis gastroplasties) and 1 Dor (45). Impaired 
esophageal motility on HRM was present in all RYGBP 
patients and 5 out of the 7 fundoplication patients. Eleven 
patients (five in RYGBP group and six in fundoplication 
group) had their GERD symptoms assessed during follow-
up. All five RYGBP patients had symptom resolution or 
improvement, while only 50% (n=3) of patients reported 
partial improvement in the fundoplication group. An issue 
that has to be discussed herein is the nutritional impact and 
weight loss associated with RYGBP in non-obese patient 
with significant upper GI symptoms and generally limited 
oral intake to begin with. The mean body-mass index (BMI) 
of the RYGBP and fundoplication groups in this study 
went from 28 and 24 kg/m2 pre-operatively, to 24 and 25 
respectively. It is also important to note that 4 RYGBP 
patients (57%) had concurrent feeding tube placement 
at the time of surgery, one of which required long-term 
tube feeding due to persistent dysphagia. Kent et al. also 
had reported their experience with GERD in scleroderma 
esophagus based on conventional manometry (46). Long-
term follow up was available for 7 out of 8 patients who 
underwent RYGBP and 7 out of 10 patients who underwent 
a fundoplication (1 Toupet, 1 Collis Toupet, 5 Nissen, 3 
Collis Nissen). Despite the small number of patients, the 
authors reported a statistically lower incidence of post-
operative dysphagia, which was otherwise less severe in 
the RYGBP group. The GERD-HRQOL score was also 
significantly lower in that group, with a mean score of 4, 

compared to 15.6 in the fundoplication group. A score 
above 15 is generally accepted to indicate significant 
reflux. Comparable to the series by Yan et al., the authors 
performed a short Roux limb (<100 cm) to limit the 
malabsorption and weight loss except in 3 patients who a 
had a BMI >35 (mean pre-operative BMI was 32.3). The 
authors reported placement of a gastrostomy tube in the 
gastric remnant in all patients who underwent RYGBP 
however. Despite these encouraging results, RYGBP should 
be pursued with caution in patients with scleroderma, 
because of the associated small intestinal dysmotility and 
the possibility of bacterial overgrowth (16).

For complete thoroughness, other surgical alternatives 
are worthwhile mentioning. Biliary/duodenal diversion 
was described for complex/scleroderma esophagitis but is 
associated with high morbidity (47,48). Esophagectomy 
with either gastric or colon interposition has also been 
reported with variable success, especially in patients with 
prior surgical intervention and recurrent symptoms, albeit 
with significant morbidity too (45,49). In the series by Kent 
et al., 1 out of the 4 patients who underwent esophagectomy 
died and the other three had major complications (46).

Finally, magnetic sphincteric augmentation is generally 
contra-indicated in patients with GERD and known 
esophageal dysmotility (i.e., manometry showing effective 
swallows <70–80% and/or distal esophageal amplitude of 
<35 mmHg) (4).

Conclusions

Esophageal dysmotility is common in the setting of GERD, 
covering a spectrum of ineffective or fragmented peristalsis 
to the more extreme complete absence of contractility. The 
body of the literature points to the safety of fundoplication in 
cases of moderate hypomotility, and that more weight should 
be placed on pre-operative symptoms than just on manometry 
parameters. Both Toupet and Nissen fundoplications seem 
to achieve good clinical outcomes and reflux control without 
significant worsening of the obstructive symptoms. There is 
paucity of evidence regarding “tailoring of the wrap”, except 
in cases of aperistalsis. RYGBP can be cautiously considered 
in cases of scleroderma-like esophagus as an alternative to 
fundoplication, taking into account the nutritional status and 
pre-operative BMI.
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