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Refractory Gastroesophageal Reflux Disease: 
Pathophysiology, Diagnosis, and Management

Abstract
Gastroesophageal reflux disease (GERD) is one of the most commonly encountered gastrointestinal 
diseases in clinical practice. Proton pump inhibitors (PPI) remain the cornerstone of the treatment of 
GERD. Up to one-third of patients do not respond to optimal doses of PPI and fall into the category 
of refractory GERD. Moreover, the long-term use of PPI is not risk-free, as previously thought. The 
pathophysiology of refractory GERD is multifactorial and includes reflux related and unrelated factors. 
It is therefore paramount to address refractory GERD as per the aetiology of the disease for optimal 
outcomes. The management options for PPI refractory GERD include optimisation of PPI, lifestyle 
modifications, and the addition of alginates and histamine-2 receptor blockers. Neuromodulators, 
such as selective serotonin reuptake inhibitors or tricyclic antidepressants, may be beneficial in those 
with functional heartburn and reflux hypersensitivity. Laparoscopic antireflux surgeries, including 
Nissen’s fundoplication and magnetic sphincter augmentation, are useful in patients with objective 
evidence of GERD on pH impedance studies with or without a hiatal hernia. More recently, endoscopic 
antireflux modalities have emerged as an alternative to surgery in patients with PPI-dependent and 
PPI-refractory GERD. Long-term data and randomised comparison studies, however, are required 
before incorporating endoscopic therapies in the management algorithm for refractory GERD. 

INTRODUCTION

Gastroesophageal reflux disease (GERD) is a 
common gastrointestinal (GI) disorder worldwide. 

Proton pump inhibitors (PPI) are the mainstay 
of treatment for GERD and achieve symptom 
relief in the vast majority of patients. However, 
approximately one-third of patients continue to 
experience symptoms of GERD on once daily 
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PPI therapy and 10% of patients on twice daily 
PPI therapy.1,2 While on long-term PPI therapy, 
approximately 50–60% of patients complain of 
persistent or breakthrough symptoms.3 Refractory 
GERD is associated with poor health-related 
quality of life (HRQoL), low work productivity, 
greater absenteeism from work, psychological 
impairment, and poor sleep quality.4 Moreover, 
recent studies and guidelines report significant 
health risks associated with long-term PPI 
therapy.5 Considering the significant burden of 
GERD on the healthcare system and a sizeable 
proportion of patients with suboptimal response 
to medical therapy, it is crucial to understand 
novelties in the field of refractory GERD. In this 
review, the authors discuss the pathophysiology, 
diagnosis, and various treatment options for PPI 
refractory GERD. 

DEFINITION 

Heartburn and regurgitation are the two cardinal 
symptoms of GERD. The most accepted and 
pragmatic definition of refractory GERD is the 
persistence of typical symptoms, heartburn and/
or regurgitation, that do not respond to a standard 
double dose of PPI for a treatment period of at 

least 12 weeks.2 In clinical practice, the diagnosis 
of refractoriness can usually be established after 
8 weeks of PPI therapy. 

Pathophysiology of Refractory 
Gastroesophageal Reflux Disease 

The causes of refractory GERD can be classified 
as reflux related and nonreflux related (Table 1). 
In the majority of the cases, refractoriness to PPI 
can be attributed to residual acid reflux, nonacidic 
or weakly acidic reflux, acid pocket, oesophageal 
hypersensitivity, and functional heartburn. 

Drug Compliance and Improper Dosing

One of the most important factors that contributes 
to refractory GERD is poor drug compliance and 
improper dosing. In a large population-based 
survey, strict adherence to PPI treatment was 
observed in only 38.7% and 30.6% of patients 
over 6 months and 1 year, respectively.6 Improper 
timing of PPI intake is another important factor 
resulting in suboptimal acid suppression and 
refractoriness to PPI. Administration of PPI 30–45 
minutes before a meal is crucial because gastric 
proton pumps are activated following food intake; 
however, there is no systematic study or direct 

Reflux related Nonreflux related

• Drug compliance and improper dosing.

• Residual acid reflux.

• Nonacidic or weakly acidic reflux.

• Acid pocket. 

• Oesophageal hypersensitivity.

• Nocturnal acid breakthrough.

• Duodenogastric reflux.

• PPI metabolism and CYP2C19 polymorphism.

• Functional chest pain.

• Functional heartburn.

• Oesophageal motility disorders (achalasia, 
scleroderma).

• Eosinophilic oesophagitis.

• Impaired gastric emptying.

• Extraoesophageal symptoms (chronic cough, asthma, 
hoarseness of voice).

Table 1: Causes of proton pump inhibitor refractory gastroesophageal reflux disease. 

CYP2C19L: cytochrome P450 2C19; PPI: proton pump inhibitor.
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evidence to suggest symptom improvement with 
strict drug adherence. 

Weakly Acidic or Nonacidic Reflux

Weakly acidic reflux is defined as a fall in 
oesophageal pH by at least 1 unit; however, the 
pH remains between 4–7 and does not fall below 
4. A pH cut-off value of 7 is used to differentiate 
between weakly acidic and nonacidic reflux.7 In 
some studies, nonacidic reflux episodes have 
been found in 60–80% of patients with symptoms 
on double dose PPI therapy.1,8 The proposed 
mechanisms of symptom generation include 
stretching of the oesophageal wall attributable to 
volume reflux, and sensitisation of the oesophagus 
because of increased acid exposure.9,10 In 
addition, duodenogastroesophageal reflux may 
generate symptoms in a small subset of patients 
by impairing oesophageal mucosal integrity, 
producing dilated intercellular spaces, and even 
inducing epithelial apoptosis.11 

Acid Pocket

The acid pocket is an area of unbuffered acid 
compartment that forms in the proximal part of 
the stomach after meals and serves as a potential 
reservoir for acid reflux in healthy subjects as 
well as GERD patients. Patients with GERD are 
predisposed to upward migration of proximal 
margin of the acid pocket when compared with 
healthy controls.12 The acid pocket is also a 
potential therapeutic target and can be attenuated 
by PPI or alginates that form a pH neutral raft at 
the gastroesophageal junction and displace the 
acid pocket distally.13 

Nocturnal Acid Breakthrough

Nocturnal acid breakthrough (NAB) is defined 
as the persistence of intragastric pH <4 for >60 
minutes during the night. NAB was initially thought 
to be responsible for PPI refractory symptoms and 
could be abolished by either doubling the dose 
of PPI or adding an H2 receptor antagonist at 
night.14 However, the clinical significance of NAB 
is not clear and some of the latter studies revealed 
that oesophageal acid reflux and symptoms were 
independent of the occurrence of NAB.15,16

Protein Pump Inhibitor Metabolism and 
CYP2C19 Polymorphism

PPI are predominantly metabolised in the liver 
by CYP2C19 and, to a lesser extent, CYP3A4. 
Rapid metabolisers show decreased gastric acid 
suppression with PPI, which may result in reduced 
efficacy and sustained symptomatic response 
compared to intermediate or poor metabolisers.17 

Functional Heartburn

Functional heartburn is defined as burning 
retrosternal discomfort or pain that is refractory 
to optimal antisecretory therapy in the absence 
of objective evidence of GERD or major 
oesophageal motility disorder. Nearly one-
third of the patients with reflux symptoms may 
have functional heartburn.18,19 These patients are 
more refractory to antireflux therapy than those 
with erosive oesophagitis, and may have other 
coexistent functional disorders such as functional 
dyspepsia or irritable bowel syndrome.20-22

Oesophageal Hypersensitivity

Oesophageal hypersensitivity is defined as the 
presence of typical reflux symptoms without 
evidence of pathological reflux on endoscopy or 
pH impedance monitoring, but with demonstration 
of positive symptom correlation with physiological 
reflux. Oesophageal hypersensitivity may 
contribute to symptoms in approximately  
30–35% of patients with nonerosive reflux 
disease.23 Various pathophysiological mechanisms 
of symptoms have been proposed in these  
patients including peripheral or central 
sensitisation, altered central processing of 
peripheral visceral stimuli, autonomic and 
psychological abnormalities, and increased 
permeability of oesophageal mucosal barrier.24,25 
Upregulation of acid sensitive receptors, such 
as TRPV1 and protease-activated receptor 
2, has been demonstrated in patients with  
oesophageal hypersensitivity.26 

Eosinophilic Oesophagitis

The symptoms of eosinophilic oesophagitis, 
including heartburn, chest pain, and dysphagia, 
can mimic those of GERD; however, the actual 
prevalence of eosinophilic oesophagitis is very low 
among patients with refractory GERD.27 Therefore, 
an oesophageal biopsy may be cost-effective 
if the prevalence of eosinophilic oesophagitis 
is high (>8%) in the general population.28  
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DIAGNOSIS

A detailed evaluation of refractory GERD includes 
a thorough clinical evaluation, upper GI endoscopy, 
oesophageal motility assessment using high 
definition manometry, and reflux monitoring, 
preferably with a multichannel intraluminal  
pH-impedance monitor.

Clinical Evaluation

The following details should be obtained from the 
patient’s history and physical examination:

1. Presence of typical and atypical symptoms of 
GERD.

2. Proper dosing and timing of PPI.

3. Presence of other functional GI disorders such 
as functional dyspepsia and inflammatory bowel 
syndrome.

4. Time of occurrence of troublesome symptoms 
i.e., nocturnal or post meals.

5. Presence of alarming symptoms such as weight 
loss, anorexia, dysphagia, odynophagia, and 
upper GI bleeding.

6. Coexistence of psychological comorbidity.

Endoscopy

Patients with typical GERD symptoms who 
fail to respond to initial PPI therapy despite 
optimisation of dose should undergo an upper 
GI endoscopy. Unfortunately, the diagnostic yield 
of endoscopy in refractory GERD is limited.29 In 
the absence of erosive oesophagitis, random 
oesophageal biopsies can be obtained to 
examine dilated intercellular spaces and to rule 
out eosinophilic oesophagitis. The presence of 
dilated intercellular spaces and higher intercellular 
space diameter favours nonerosive reflux disease 
(NERD) and oesophageal hypersensitivity over 
functional heartburn.30 Narrow-band imaging 
(NBI) with magnification endoscopy may help in 
identifying ongoing acid reflux in patients with 
NERD in the absence of obvious erosions or 
ulcerations on white light endoscopy. Increased 
and dilated intrapapillary capillary loops at the 
lower oesophagus, increased vascularity at the 
squamo–columnar junction, and tubular and 

villous pit patterns below the Z line are observed 
with NBI, and are more frequently seen in NERD 
compared to controls.31 

Reflux Monitoring

Patients who are refractory to PPI therapy and 
have a normal endoscopy should undergo reflux 
monitoring. Currently, there are four available 
options for reflux monitoring: 1) catheter-based 
pH monitor; 2) wireless capsule pH assessment 
(Bravo™, Medtronic plc, UK); 3) combined 
multichannel intraluminal pH impedance 
monitor; and 4) oesophageal Bilitec™ (Bilitec™ 
2000, Medtronic plc, Denmark). Extended 
recording times (48–96 hours) using wireless 
pH recording systems increase the diagnostic 
yield and may be especially useful in those with 
high suspicion of GERD but negative pH results. 
The commonly measured variables using pH 
testing include acid exposure time, number of 
reflux episodes, symptom index, and symptom 
association probability. Acid exposure time is 
qualified as normal (<4%), abnormal (>6%), 
and inconclusive (4–6%). Similarly, number of 
reflux episodes are classified as normal (<40/ 
24 hours), abnormal (>80), and inconclusive 
(40–80). The decision to perform pH-monitoring 
‘off’ or ‘on’ PPI is dependent upon the clinical 
scenario. Reflux monitoring ‘off’ PPI is performed 
when the diagnosis of GERD is unproven with 
no prior positive pH testing, or preoperatively 
before definitive surgical or endoscopic antireflux 
therapy. Whereas, reflux monitoring ‘on’ PPI is 
performed in patients with proven GERD in form 
of severe oesophagitis, long segment Barrett’s, 
and prior abnormal pH result. These patients are 
typically on double dose PPI and pH-impedance 
testing is meant to establish the relation between 
reflux episodes and symptoms. 

Nonacidic reflux, rather than acid reflux, appears 
to be the main driver of symptoms in PPI 
refractory cases.32 Therefore, the diagnostic yield 
of traditional catheter-based or wireless (Bravo) 
pH monitoring is limited in PPI refractory GERD 
patients because of their inability to measure 
nonacidic reflux.33 Combined multichannel 
intraluminal impedance pH monitoring is 
considered as the gold standard in the evaluation 
of PPI refractory GERD.34 

Symptom association metrics including symptom 
index and symptom association probability 
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provide analysis of temporal association between 
symptom occurrence and reflux episodes, and 
help in assessing the cause of patients’ symptoms. 
These parameters have major clinical implications 
in diagnosis and prediction of response to medical 
and surgical antireflux therapy. In the absence of 
pathological reflux, a positive symptom index 
(>50%) and symptom association probability 
(>95%) suggests oesophageal hypersensitivity. 
On the other hand, a negative symptom 
association implies functional heartburn.35 

In addition to the above parameters, two novel 
impedance metrics, post reflux swallow induced 
peristaltic wave (PSPW) and mean nocturnal 
baseline impedance (MNBI), improve the 
diagnostic yield of pH-impedance testing and 
differentiate patients with pathological reflux 
from those with functional heartburn. The PSPW 
index is the proportion of reflux episodes followed 
by a PSPW and is a marker of integrity of primary 
peristalsis and oesophageal contraction reserve. 
A lower PSPW index helps to differentiate 
erosive oesophagitis from functional heartburn 
with high sensitivity (99–100%) and specificity 
(92%).36 Similarly, low MNBI has been reported in 
erosive oesophagitis, PPI responsive NERD, and 
oesophageal hypersensitivity compared to PPI 
refractory cases and functional heartburn.37-39 In 
addition, low MNBI (<2,292 ohms) independently 
predicts symptomatic improvement following 
antireflux surgery.40 

Oesophageal Manometry

Oesophageal high-resolution manometry is 
performed to localise the lower oesophageal 
sphincter (LES) before placement of a pH probe. 
In addition, the assessment of oesophageal 
peristaltic function using the distal contractile 
index is crucial before definitive antireflux 
surgery. Up to 40% of patients with preoperative 
ineffective oesophageal motility (IEM) (distal 
contractile index <450 mmHg/cm/s in >50% 
swallows) might experience postoperative 
dysphagia.41 In patients with IEM, multiple 
rapid swallows (MRS) can help further identify 
contraction reserve in the oesophagus. Absence 
of post MRS augmentation in patients with IEM 
predicts poor response to prokinetic drugs, higher  
oesophageal acid exposure in NERD, and 
dysphagia following antireflux surgery.42 The 
Lyon consensus recently proposed routine 

incorporation of MRS into HRM protocols for 
establishing the contraction reserve in IEM, 
especially before antireflux surgery.43 

TREATMENT 

Treatment of PPI refractory GERD should 
be stepwise with multidisciplinary approach 
targeting ≥1 of the aforementioned mechanisms. 

Lifestyle Modification

Lifestyle modifications such as weight loss; head 
elevation during sleep; and avoidance of tobacco, 
alcohol, caffeine, and high fat and spicy foods are 
frequently prescribed by the treating physicians. 
It is notable that weight loss and head of bed 
elevation are the only lifestyle interventions that 
have been found to be effective for GERD.44 

Medical Management

Medical management of refractory GERD is 
targeted against a specific GERD phenotype 
established following a thorough examination 
including a pH-impedance study. The limitations 
of conventional PPI include short plasma half-life 
(1–2 hours) and strict adherence to dosing 30–45 
minutes before meals. Novel PPI have the potential 
to largely overcome these limitations. These 
include stereoisomers with greater bioavailability 
(esomeprazole and dexlansoprazole), extended 
release formulations (dexlansoprazole modified 
release and rabeprazole extended release), 
long acting PPI with alternate metabolic 
pathways (tenatoprazole andilaprazole), and 
potassium competitive acid blockers (revaprazan  
and soraprazan).

Alginates decrease gastroesophageal reflux by 
forming a pH neutral raft on the postprandial acid 
pocket on top of the intragastric food. In a recent 
multicentre, placebo-controlled, randomised 
trial, the addition of alginates to PPI produced 
significant improvement in overall reflux and 
heartburn scores compared to placebo in patients 
with persistent symptoms.45 

Prokinetics

Prokinetic drugs increase LES pressure, enhance 
oesophageal clearance of refluxed material, 
and stimulate gastric emptying rate;46 however, 
the data on the utility of prokinetics in patients 
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with refractory GERD is not impressive. A meta-
analysis found that the addition of prokinetics 
to PPI had no significant effect on symptom or 
endoscopic response to GERD but quality of 
life partially improved.47 In a recent randomised 
control trial, acotiamide improved symptoms in 
patients with an overlap of GERD and functional 
dyspepsia who had persistent symptoms once 
daily PPI for >8 weeks.48 

Reflux Inhibitors

Reflux inhibitors reduce gastroesophageal reflux 
by inhibiting transient LES relaxations (TLESR). 
Baclofen, a GABAB agonist, has been shown to 
decrease acidic and nonacidic reflux episodes and 
improve symptoms in refractory GERD, both as 
monotherapy and as an add-on therapy to PPI.49 
A recent metanalysis concluded that baclofen 
reduces the number of reflux events per person, 
the average length of reflux episodes, and the 

occurrence of TLESR.50 However, baclofen is often 
not tolerated well because of neurological side 
effects. Moreover, there is currently a lack of long-
term data on its use in patients with refractory 
GERD. Lesogaberan and arbaclofen placarbil are 
peripherally acting GABAB agonists with minimal 
central actions; however, they are probably less 
efficacious compared to baclofen.51 

Neuromodulators

Tricyclic antidepressants (TCA) and selective 
serotonin reuptake inhibitors reduce heartburn 
and oesophageal pain in patients with 
oesophageal hypersensitivity and functional 
heartburn. In a randomised trial, only 38.5% of 
patients in the citalopram group continued to 
report reflux symptoms compared to 66.7% in 
the placebo group.52 Similarly, fluoxetine has been 
shown to reduce the percentage of heartburn-
free days compared to the use of omeprazole and 
placebo in patients with functional heartburn.53  

Table 2: Outcomes of antireflux surgery in refractory gastroesophageal reflux disease.

AET: acid exposure time; GERD: gastroesophageal reflux disease; rGERD: refractory gastroesophageal reflux disease; 
PPI: proton pump inhibitor; HQoL: health related quality of life. 

Study Number of 
participants

Study design Follow-up Outcomes

Hatlebakk et al., 
201555

116 rGERD Randomised trial, 
open label (versus 
PPI)

5 years Similar     GERD 
symptoms and     
AET at 5 years

Spechler et al., 201956 336 rGERD (78 
with true GERD 
randomised)

Randomised trial, 
(versus medical)

1 year Surgery superior to 
medical treatment 
(67% versus 28%; 
p=0.007)

Campos et al., 199957 139 rGERD with small 
hiatus hernia

Prospective 15 months 86% good response 
predictors: abnormal 
AET, typical 
symptoms, clinical 
response to PPI

Wilkerson et al., 
200558

233 PPI responders 
versus 91 poor PPI 
responders

Prospective 1 year Similar      GERD 
symptoms (94% 
versus 87%)

Hamdy et al., 201459 296 PPI responders 
versus 74 poor PPI 
responders

Prospective 1 year      heartburn and 
regurgitation in good 
PPI responders

Anvari et al., 200360 274 PPI responders 
versus 445 poor PPI 
responders

Prospective 5 years Similar     GERD 
symptoms and   
AET at 5 years poor 
physical HQoL and 
higher persisting 
PPI use in poor 
responders
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Although TCA reduce visceral hypersensitivity,  
the results of trials evaluating the use of 
nortriptyline do not favour their routine use in 
patients with functional heartburn.54 

Surgical Management

Laparoscopic fundoplication or antireflux surgery 
(LARS) is effective in patients with typical GERD 
symptoms with acidic or nonacidic reflux. In the 
long term, LARS provides greater reductions in 
oesophageal acid exposure after 5 years when 
compared to PPI therapy;55 however, the results  
of LARS in refractory GERD are conflicting. In 
a recent randomised trial, antireflux surgery 
(laparoscopic Nissen fundoplication) was found 
to be superior to medical treatment in a highly 
selected subgroup of patients with truly PPI 
refractory and reflux related heartburn (67%  
versus 28%; p=0.007).56 The response to LARS 
appears to be superior in PPI responders 
compared to PPI nonresponders (Table 2).55-60 
The predictors of favourable outcome following 
LARS include objective evidence of abnormal 
oesophageal acid reflux and the presence of 
typical symptoms of GERD. A recent systematic 
review evaluated the outcomes of LARS in patients 
with partial response to PPI. Although heartburn 
and regurgitation improved immediately after  
surgery, the symptoms recurred and acid 
suppressive medication use increased at 10-years 
follow-up.61 LARS might be considered as a 
treatment option in patients with refractory 
GERD with ongoing acid or nonacid reflux, but 
should be avoided in cases of oesophageal 
hypersensitivity and functional heartburn. A 
recent randomised controlled trial of laparoscopic 
magnetic sphincter augmentation showed 
promising results in patients with moderate-
to-severe regurgitation on once daily PPI. 
Patients in the laparoscopic magnetic sphincter 
augmentation group experienced significantly 
greater improvement in GERD-HRQoL score and 
resolution of regurgitation compared to those 
receiving twice daily PPI.62 

ENDOSCOPIC MANAGEMENT OF 
GASTROESOPHAGEAL REFLUX 
DISEASE

Endoscopic management options for GERD 
include radiofrequency application (the Stretta® 

procedure [UCI Health, California, USA]), 
endoscopic fundoplication, and antireflux 
mucosectomy. In recent years, these treatment 
modalities have resurfaced because of potential 
adverse events associated with PPI and  
antireflux surgery. 

Radiofrequency application, or the Stretta 
procedure, involves delivery of thermal energy 
to the muscle of gastroesophageal junction and 
gastric cardia. The mechanism of action is still 
unclear; however, multiple studies have shown 
Stretta to be an effective therapy in patients with 
GERD.63 In a long-term follow-up study including 
217 patients, 72% of patients had significantly 
improved GERD-HRQoL and 64% of patients 
achieved >50% reduction in the use of PPI after 
10 years of follow-up.64

Endoscopic plication devices that are currently 
available include transoral incisionless 
fundoplication EsophyX® device (EndoGastric 
Solutions, Washington, USA), GERDx™ device 
(G-SURG, Germany), and Medigus Ultrasonic 
Surgical Endostapler (MUSE™) (MediGus Ltd., 
Israel).65 Of these, the largest body of evidence is 
available for transoral incisionless fundoplication 
using the EsophyX device.66 Whereas, the data is 
still emerging for the other two plication devices. 

The basic principle is similar for endoscopic 
plication and involves re-enforcement of the 
gastroesophageal junction using multiple 
plications or fasteners. In a systematic review 
and meta-analysis, transoral incisionless 
fundoplication was found to be safe and effective 
in patients with refractory GERD. Overall, the 
adverse event rate was 2%, and PPI therapy 
could be discontinued in 89% of patients after 
the therapy.66 Ideal candidates for endoscopic 
antireflux therapies include those with mild 
oesophagitis, small hiatal hernia (<2 cm), 
endoscopic Hill’s Grade II-III, absence of Barrett’s 
oesophagus, and nonmorbid obesity.65

Besides radiofrequency ablation and endoscopic 
fundoplication, some of the recent studies 
have evaluated the efficacy of endoscopic 
band ligation and cap or multiband assisted 
antireflux mucosectomy for the management of  
GERD.66-69 The basic mechanism of these 
endoscopic techniques is the tightening of gastric 
cardia as a result of scarring after band ligation or 
endoscopic mucosal resection. It should be noted 
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that these techniques need to be standardised 
and evaluated in randomised trials to conclude 
their efficacy.

CONCLUSION

PPI have revolutionised the treatment of GERD; 
however, a sizeable proportion of patients 
are refractory to PPI therapy. Most common 
aetiologies of refractory GERD include ongoing 
residual acid reflux, nonacid reflux, oesophageal 
hypersensitivity, and functional heartburn. 
Management of refractory GERD should be 
based on GERD phenotypes after thorough 
clinical assessment and reflux testing, preferably 

with combined pH-impedance monitoring 
(Figure 1). Patient selection for antireflux surgery 
or endoscopic therapy should be guided by 
a meticulous examination after excluding 
oesophageal hypersensitivity and functional 
heartburn. Treatment of patients with functional 
heartburn includes proper patient counselling, 
addressing concomitant psychiatric morbidities 
and associated functional gastrointestinal 
disorders, and neuromodulators such as TCA 
and selective serotonin reuptake inhibitors. 
Endoscopic antireflux therapies appear to be 
promising in appropriately selected patients with 
refractory GERD. Long-term follow-up studies are 
required before incorporating them into routine 
clinical practice. 

Typical rGERD symtoms

Evaluate PPI regiment 
and compliance

MII-pH monitoring off/
on PPI

Optimise therapy

Adequate

Suboptimal

Nonacidic refluxPersistent acid reflux
Oesophageal

hypersensitivity/functional heart-
burn

Add prokinetics Baclofen

Antireflux surgery/ 
endotherapy

Newer long acting PPI 
alginate (add on)

Antireflux surgery/ 
endotherapy

PPI (+)
TCA/SSRI

Figure 1: An approach to the management of refractory gastroesophageal reflux disease.

 
MII-pH: multichannel intraluminal impedance-pH; PPI: proton-pump inhibitor; SSRI: selective serotonin reuptake 
inhibitors; TCA: tricyclic antidepressants.



GASTROENTEROLOGY •  December 2019	 EMJ  EUROPEAN MEDICAL JOURNAL70

References

1.	 Mainie I et al. Acid and non-acid 
reflux in patients with persistent 
symptoms despite acid suppressive 
therapy: A multicentre study using 
combined ambulatory impedance-pH 
monitoring. Gut. 2006;55(10):1398-
402.

2.	 Sifrim D, Zerbib F. Diagnosis and 
management of patients with reflux 
symptoms refractory to proton pump 
inhibitors. Gut. 2012;61(9):1340-54.

3.	 Raghunath AS et al. Symptoms 
in patients on long-term proton 
pump inhibitors: Prevalence and 
predictors. Aliment Pharmacol Ther. 
2009;29(4):431-9.

4.	 Tack J et al. Systematic review: 
The burden of disruptive gastro-
oesophageal reflux disease on 
health-related quality of life. Aliment 
Pharmacol Ther. 2012;35(11):1257-66.

5.	 Freedberg DE et al. The risks and 
benefits of long-term use of proton 
pump inhibitors: Expert review 
and best practice advice from the 
American Gastroenterological 
Association. Gastroenterology. 
2017;152(4):706-15.

6.	 van Soest EM et al. Persistence and 
adherence to proton pump inhibitors 
in daily clinical practice. Aliment 
Pharmacol Ther. 2006;24(2):377-85.

7.	 Sifrim D et al. Gastro-oesophageal 
reflux monitoring: Review and 
consensus report on detection and 
definitions of acid, non-acid, and gas 
reflux. Gut. 2004;53(7):1024-31.

8.	 Zerbib F et al. Esophageal pH-
impedance monitoring and symptom 
analysis in GERD: A study in 
patients off and on therapy. Am J 
Gastroenterol. 2006;101(9):1956-63.

9.	 Takeda T et al. Oesophageal 
wall stretch: The stimulus for 
distension induced oesophageal 
sensation. Neurogastroenterol Motil. 
2004;16(6):721-8.

10.	 Emerenziani S et al. Acid reflux 
episodes sensitize the esophagus 
to perception of weakly acidic and 
mixed reflux in non-erosive reflux 
disease patients. Neurogastroenterol 
Motil. 2014;26(1):108-14.

11.	 Farre R et al. Short exposure 
of oesophageal mucosa to bile 
acids, both in acidic and weakly 
acidic conditions, can impair 
mucosal integrity and provoke 
dilated intercellular spaces. Gut. 
2008;57(10):1366-74.

12.	 Kahrilas PJ et al. The acid pocket: A 
target for treatment in reflux disease? 
Am J Gastroenterol. 2013;108(7):1058-
64.

13.	 Jo YJ. Proton pump inhibitors reduce 
the size and acidity of the gastric 
acid pocket. J Neurogastroenterol 
Motil. 2015;21(1):133-4.

14.	 Wang Y et al. Additional bedtime H2-

receptor antagonist for the control of 
nocturnal gastric acid breakthrough. 
Cochrane Database Syst Rev. 
2009:(4):CD004275.

15.	 Ours TM et al. Nocturnal acid 
breakthrough: Clinical significance 
and correlation with esophageal 
acid exposure. Am J Gastroenterol. 
2003;98(3):545-50.

16.	 Nzeako UC, Murray JA. An evaluation 
of the clinical implications of acid 
breakthrough in patients on proton 
pump inhibitor therapy. Aliment 
Pharmacol Ther. 2002;16(7):1309-16.

17.	 Ichikawa H et al. Rapid metabolizer 
genotype of CYP2C19 is a risk 
factor of being refractory to proton 
pump inhibitor therapy for reflux 
esophagitis. J Gastroenterol Hepatol. 
2016;31(4):716-26.

18.	 Zerbib F et al. Clinical, but not 
oesophageal pH-impedance, profiles 
predict response to proton pump 
inhibitors in gastro-oesophageal 
reflux disease. Gut. 2012;61(4):501-6.

19.	 Savarino E et al. The added value of 
impedance-pH monitoring to Rome 
III criteria in distinguishing functional 
heartburn from non-erosive reflux 
disease. Dig Liver Dis. 2011;43(7):542-
7.

20.	 Dean BB et al. Effectiveness of proton 
pump inhibitors in nonerosive reflux 
disease. Clin Gastroenterol Hepatol. 
2004;2(8):656-64.

21.	 Jung HK et al. Overlap of gastro-
oesophageal reflux disease and 
irritable bowel syndrome: Prevalence 
and risk factors in the general 
population. Aliment Pharmacol Ther. 
2007;26(3):453-61.

22.	 Savarino E et al. Functional heartburn 
has more in common with functional 
dyspepsia than with non-erosive 
reflux disease. Gut. 2009;58(9):1185-
91.

23.	 Savarino E et al. Impedance-pH 
reflux patterns can differentiate non-
erosive reflux disease from functional 
heartburn patients. J Gastroenterol. 
2012;47(2):159-68.

24.	 Tobey NA et al. Dilated intercellular 
spaces and shunt permeability in 
nonerosive acid-damaged esophageal 
epithelium. Am J Gastroenterol. 
2004;99(1):13-22.

25.	 Knowles CH, Aziz Q. Visceral 
hypersensitivity in non-erosive reflux 
disease. Gut. 2008;57(5):674-83.

26.	 Yoshida N et al. Role of nociceptors/
neuropeptides in the pathogenesis 
of visceral hypersensitivity of 
nonerosive reflux disease. Dig Dis Sci. 
2013;58(8):2237-43.

27.	 Sa CC et al. Eosinophilic 
esophagitis in patients with typical 
gastroesophageal reflux disease 
symptoms refractory to proton 
pump inhibitor. Clinics (Sao Paulo). 

2011;66(4):557-61.

28.	 Miller SM et al. Cost-effectiveness 
model of endoscopic biopsy for 
eosinophilic esophagitis in patients 
with refractory GERD. Am J 
Gastroenterol. 2011;106(8):1439-45.

29.	 Poh CH et al. Upper GI tract findings 
in patients with heartburn in whom 
proton pump inhibitor treatment 
failed versus those not receiving 
antireflux treatment. Gastrointest 
Endosc. 2010;71(1):28-34.

30.	 Ribolsi M et al. Intercellular space 
diameters of the oesophageal 
epithelium in NERD patients: Head 
to head comparison between light 
and electron microscopy analysis. Dig 
Liver Dis. 2009;41(1):9-14.

31.	 Fock KM et al. The utility of 
narrow band imaging in improving 
the endoscopic diagnosis of 
gastroesophageal reflux disease. Clin 
Gastroenterol Hepatol. 2009;7(1):54-
9.

32.	 Charbel S et al. The role of 
esophageal pH monitoring in 
symptomatic patients on PPI therapy. 
Am J Gastroenterol. 2005;100(2):283-
9.

33.	 Turner BG et al. Endoscopic 
pH monitoring for patients 
with suspected or refractory 
gastroesophageal reflux disease. Can 
J Gastroenterol. 2007;21(11):737-41.

34.	 Hachem C, Shaheen NJ. Diagnosis 
and management of functional 
heartburn. Am J Gastroenterol. 
2016;111(1):53-61.

35.	 Aziz Q et al. Functional esophageal 
disorders. Gastroenterology. 2016. 
[Epub ahead of print].

36.	 Frazzoni L et al. Postreflux swallow-
induced peristaltic wave index and 
nocturnal baseline impedance can 
link PPI-responsive heartburn to 
reflux better than acid exposure time. 
Neurogastroenterol Motil. 2017;29(11).

37.	 Martinucci I et al. Esophageal 
baseline impedance levels in 
patients with pathophysiological 
characteristics of functional 
heartburn. Neurogastroenterol Motil. 
2014;26(4):546-55.

38.	 de Bortoli N et al. Association 
between baseline impedance 
values and response proton pump 
inhibitors in patients with heartburn. 
Clin Gastroenterol Hepatol. 
2015;13(6):1082-8.e1.

39.	 Kandulski A et al. Esophageal 
intraluminal baseline impedance 
differentiates gastroesophageal 
reflux disease from functional 
heartburn. Clin Gastroenterol Hepatol. 
2015;13(6):1075-81.

40.	 Patel A et al. Distal mean nocturnal 
baseline impedance on pH-
impedance monitoring predicts reflux 
burden and symptomatic outcome 



Creative Commons Attribution-Non Commercial 4.0	 December 2019  •  GASTROENTEROLOGY 71

in gastro-oesophageal reflux 
disease. Aliment Pharmacol Ther. 
2016;44(8):890-8.

41.	 Pandolfino JE, Kahrilas PJ; American 
Gastroenterological A. AGA 
technical review on the clinical 
use of esophageal manometry. 
Gastroenterology. 2005;128(1):209-
24.

42.	 Wang YT et al. Investigation of 
dysphagia after antireflux surgery 
by high-resolution manometry: 
Impact of multiple water swallows 
and a solid test meal on diagnosis, 
management, and clinical outcome. 
Clin Gastroenterol Hepatol. 
2015;13(9):1575-83.

43.	 Gyawali CPet al. Modern diagnosis 
of GERD: The Lyon Consensus. Gut. 
2018;67(7):1351-62.

44.	 Kaltenbach T et al. Are lifestyle 
measures effective in patients with 
gastroesophageal reflux disease? 
An evidence-based approach. Arch 
Intern Med. 2006;166(9):965-71.

45.	 Reimer C et al. Randomised clinical 
trial: Alginate (Gaviscon Advance) vs. 
placebo as add-on therapy in reflux 
patients with inadequate response 
to a once daily proton pump 
inhibitor. Aliment Pharmacol Ther. 
2016;43(8):899-909.

46.	 Scarpellini E et al. The effects of 
itopride on oesophageal motility and 
lower oesophageal sphincter function 
in man. Aliment Pharmacol Ther. 
2011;33(1):99-105.

47.	 Ren LH et al. Addition of prokinetics 
to PPI therapy in gastroesophageal 
reflux disease: A meta-analysis. World 
J Gastroenterol. 2014;20(9):2412-9.

48.	 Takeuchi T et al. Therapy of 
gastroesophageal reflux disease and 
functional dyspepsia overlaps with 
symptoms after usual-dose proton 
pump inhibitor: Acotiamide plus 
usual-dose proton pump inhibitor 
versus double-dose proton pump 
inhibitor. J Gastroenterol Hepatol. 
2018;33(3):623-30.

49.	 Ciccaglione AF, Marzio L. Effect of 
acute and chronic administration 
of the GABA B agonist baclofen on 
24 hour pH metry and symptoms in 
control subjects and in patients with 
gastro-oesophageal reflux disease. 
Gut. 2003;52(4):464-70.

50.	 Li S et al. The effects of baclofen for 
the treatment of gastroesophageal 
reflux disease: A meta-analysis 
of randomized controlled 
trials. Gastroenterol Res Pract. 
2014;2014:307805.

51.	 Shaheen NJ et al. Efficacy and safety 
of lesogaberan in gastro-oesophageal 
reflux disease: A randomised 
controlled trial. Gut. 2013;62(9):1248-
55.

52.	 Viazis N et al. Selective serotonin 
reuptake inhibitors for the treatment 
of hypersensitive esophagus: A 
randomized, double-blind, placebo-
controlled study. Am J Gastroenterol. 
2012;107(11):1662-7.

53.	 Ostovaneh MR et al. Comparing 
omeprazole with fluoxetine for 
treatment of patients with heartburn 
and normal endoscopy who failed 
once daily proton pump inhibitors: 
Double-blind placebo-controlled 
trial. Neurogastroenterol Motil. 
2014;26(5):670-8.

54.	 Forcelini CM et al. Effect of 
nortriptyline on brain responses to 
painful esophageal acid infusion 
in patients with non-erosive reflux 
disease. Neurogastroenterol Motil. 
2014;26(2):187-95.

55.	 Hatlebakk JG et al. Gastroesophageal 
acid reflux control 5 years after 
antireflux surgery, compared with 
long-term esomeprazole therapy. 
Clin Gastroenterol Hepatol. 
2016;14(5):678-85.e3.

56.	 Spechler SJ et al. Randomized trial of 
medical versus surgical treatment for 
refractory heartburn. N Engl J Med. 
2019 Oct 17;381(16):1513-23.

57.	 Campos GM et al. Multivariate 
analysis of factors predicting 
outcome after laparoscopic Nissen 
fundoplication. J Gastrointest Surg. 
1999;3(3):292-300.

58.	 Wilkerson PM et al. A poor response 
to proton pump inhibition is not a 
contraindication for laparoscopic 
antireflux surgery for gastro 
esophageal reflux disease. Surg 
Endosc. 2005;19(9):1272-7.

59.	 Hamdy E et al. Outcome of 
laparoscopic Nissen fundoplication 
for gastroesophageal reflux disease 
in non-responders to proton pump 
inhibitors. J Gastrointest Surg. 
2014;18(9):1557-62.

60.	 Anvari M, Allen C. Surgical outcome 
in gastro-esophageal reflux disease 
patients with inadequate response to 
proton pump inhibitors. Surg Endosc. 
2003;17(7):1029-35.

61.	 Lundell L et al. Systematic review: 
Laparoscopic fundoplication for 
gastroesophageal reflux disease in 
partial responders to proton pump 
inhibitors. World J Gastroenterol. 
2014;20(3):804-13.

62.	 Bell R et al. Laparoscopic magnetic 
sphincter augmentation versus 
double-dose proton pump inhibitors 
for management of moderate-
to-severe regurgitation in GERD: 
A randomized controlled trial. 
Gastrointest Endosc. 2019;89(1):14-22.
e1.

63.	 Fass R et al. Systematic review and 
meta-analysis of controlled and 
prospective cohort efficacy studies 
of endoscopic radiofrequency for 
treatment of gastroesophageal 
reflux disease. Surg Endosc. 
2017;31(12):4865-82.

64.	 Noar M et al. Long-term maintenance 
effect of radiofrequency energy 
delivery for refractory GERD: 
A decade later. Surg Endosc. 
2014;28(8):2323-33.

65.	 Nabi Z, Reddy DN. Endoscopic 
management of gastroesophageal 
reflux disease: Revisited. Clin Endosc. 
2016;49(5):408-16.

66.	 McCarty TR et al. Efficacy of 
transoral incisionless fundoplication 
for refractory gastroesophageal 
reflux disease: A systematic review 
and meta-analysis. Endoscopy. 
2018;50(7):708-25.

67.	 Seleem WM et al. Endoscopic 
management of refractory 
gastroesophageal reflux 
disease. Scand J Gastroenterol. 
2018;53(4):390-7.

68.	 Yoo IK et al. Anti-reflux mucosectomy 
using a cap-assisted endoscopic 
mucosal resection method for 
refractory gastroesophageal disease: 
A prospective feasibility study. Surg 
Endosc. 2019. [Epub ahead of print].

69.	 Hedberg HM et al. First experience 
with banded anti-reflux mucosectomy 
(ARMS) for GERD: Feasibility, safety, 
and technique (with Video). J 
Gastrointest Surg. 2019;23(6):1274-8.


