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Introduction

Gastroesophageal reflux disease (GERD) affects one in five Americans and is one of the
most common diagnoses managed in the outpatient gastroenterology clinic.l: 2 According to
the Montreal Consensus, GERD is defined as the presence of troublesome symptoms and/or
complications that develop due to retrograde reflux of gastric contents in the esophagus. 2
Historically, GERD management has relied on empirical treatment approaches, and proven
unsuccessful. Traditionally, GERD is diagnosed based on presence of symptoms and
managed reflexively with acid suppressive medication, particularly proton pump inhibitors
(PPIs). However, up to 40% of patients treated with PPIs may have incomplete or no
symptom response to therapy.# Since various symptoms (e.g., heartburn, regurgitation, chest
pain, globus, dysphagia, throat symptoms, cough, belching) can be attributed to GERD, and
a multitude of mechanisms can result in gastro-esophageal reflux physiology, it is no wonder
that individuals with GERD respond differently to a single-pronged treatment approach.

Recent advancements in esophageal physiology and psychology have led to the development
of sophisticated diagnostic tools to evaluate GERD. Clinical sites across the world have
adopted these diagnostic tools, such as pH monitoring and high-resolution manometry
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systems, to evaluate esophageal disorders. At the same time, therapeutic options for GERD
beyond PPI therapy and laparoscopic fundoplication have expanded. Today treatment
options for GERD span from behavioral interventions, various pharmacologic applications,
and minimally invasive endoluminal and laparoscopic techniques. These state-of-the-art
concepts, diagnostic tools, and treatment options offer tremendous opportunity for
personalizing the management of GERD. Therefore, this paper will review a personalized
approach for the evaluation and management of GERD.

Theory of Personalization in GERD

Patients with GERD symptoms can be classified based on multiple factors including clinical
history (predominant symptom and response to PPI), endoscopic findings (gastroesophageal
flap valve, hiatal hernia, esophagitis), ambulatory reflux testing (acid exposure, reflux
events), and esophageal function (reflux clearance, alternate etiologies of symptoms).
Different permutations of these factors can yield more than 50 classifications, or phenotypes,
of GERD. This concept is akin to a game of poker where a particular combination of cards
(factors) may lead to different hands of cards (phenotypes of GERD) (Figure 1). In poker,
betting utilizes probability theory to ascertain the odds of the particular poker hand.
Similarly, in a phenotype approach to personalizing the management of GERD, the
treatment decision is based on the predicted outcome for the particular phenotype of GERD.

Four Steps of Phenotyping in a Personalized Approach for GERD

The proposed personalized approach for GERD employs a step-wise method that optimizes
phenotypic yield and outcome while minimizing invasiveness, risk and cost [Figure 2].
Continuing with the poker analogy, in Texas hold’em cards are revealed to players in a step-
wise method, and bets are placed at each step. At any step a player may decide to go all in
(bet everything) given a very high odds of winning, or alternatively fold given a very high
odds of losing. Similarly, throughout the step-wise method for phenotyping GERD a
clinician may at any point elect to halt further testing (akin to folding or going all in) and
proceed with management if the information available identifies a distinct GERD phenotype.

Step 1: Clinical presentation to assess symptom and response to PPI (Hole
Cards)—A good history is crucial in step 1 of the evaluation of GERD. This is typically
focused on the symptom presentation, the response to a PPI trial and also other key factors
that may implicate and modulate reflux severity, such as obesity and underlying
comorbidities like scleroderma or sleep apnea. Additionally, an underlying assessment of
visceral anxiety and hypervigilance may be important clues in developing the phenotypes
and treatment strategies as these factors will modulate response across all GERD
phenotypes. Typically, GERD is initially diagnosed based on symptom presentation and
further classified based on response to anti-reflux treatment. Clinically diagnosed
symptomatic syndromes of GERD include typical reflux syndromes in the setting of
heartburn and/or regurgitation, or reflux chest pain syndrome. 2 Further, clinically diagnosed
GERD may be due extra-esophageal syndromes such as reflux cough, reflux laryngitis, or
reflux asthma. 2 [Figure 3] The therapeutic gain of PPI therapy, the mainstay treatment for
clinically suspected GERD, over placebo in treating GERD syndromes varies. 34 When
esophagitis is not present, therapeutic efficacy is greatest for heartburn symptoms, less so for
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regurgitation or chest pain, and least for extra-esophageal syndromes. 5 Variation in
outcomes to PPI therapy is likely a function of pathophysiologic mechanism. For instance,
acidification of the esophagus can provoke heartburn symptoms, and therefore, acid
suppression is an effective treatment option for acid-mediated heartburn. 8 Regurgitation, on
the other hand, is a function of gastro-esophageal reflux volume rather than acidic nature of
refluxate, and thus less responsive to acid suppression. Extra-esophageal symptoms are the
least responsive to PPI therapy for various reasons. In up to 60% of cases, extra-esophageal
symptoms will be caused by non-reflux conditions such as environmental exposures,
sinopulmonary conditions, and voice use. ’ Studies also suggest that higher pH levels can
impart noxious stimuli and injury in the hypopharynx compared to the distal esophagus. 8
For these reasons, the response to PPI therapy for extra-esophageal symptoms is close to that
of placebo. 2 10 Therefore, clinical assessment of esophageal and/or extra-esophageal
symptoms, and response to PPI therapy is an important initial component in GERD
phenotyping. This is combined with the underlying patient characteristics that may be
related to the development of heartburn, such as recent weight gain and new medications
which reduce lower esophageal sphincter (LES) pressure.

Step 2: Upper Gl endoscopy to assess mucosal & anatomic integrity (Flop
Cards)—Information from step 1 helps to guide the need for upper Gl endoscopy (step 2).
Upper Gl endoscopy is the next step for patients with typical reflux symptoms without
adequate response to PPI therapy, atypical reflux symptoms, as well as warning signs or
symptoms such as dysphagia, GI bleeding, weight loss, or iron deficiency anemia. 11 First,
endoscopic assessment of the esophagus will determine presence and severity of erosive
reflux disease. The presence of Los Angeles C or D esophagitis, long-segment Barrett’s
esophagus, and/or peptic stricture provides objective confirmation of pathologic GERD and
signifies a higher likelihood of response to antireflux therapy. 12 While the Lyon consensus
considers Los Angeles B inconclusive for GERD, the finding of Los Angeles B esophagitis
along with typical symptoms has a high likelihood of underlying reflux unless alternative
factors are noted, such as easinophilic esophagitis, or a dermatologic or non-peptic
esophagitis pattern.

Next, endoscopic assessment of the integrity of the antireflux barrier will impact the
likelihood for medical management to succeed. The anti-reflux barrier is a high-pressure
zone comprised of the LES attached to the crural diaphragm via the phreno-esophageal
ligament which forms a tight gastro-esophageal flap valve to prevent pathologic
gastroesophageal reflux. 13 Disruption to the anti-reflux barrier may lead to increased reflux
burden and acid exposure. Axial separation between the crural diaphragm and LES results in
a hiatal hernia. Hiatal hernia, as well as reduced tonicity of the intrinsic LES will reduce
integrity of the gastro-esophageal flap valve mechanism. Therefore, endoscopic assessment
of the anti-reflux barrier via characterization of hernia, if present, measurement of length of
separation between the diaphragmatic pinch (crural diaphragm) and the proximal extent of
the gastric folds (lower esophageal sphincter), and grading of the gastro-esophageal flap
valve are important steps in phenotyping GERD. 13
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Endoscopy also enables evaluation of alternate sources of esophageal symptoms such as
eosinophilic esophagitis, mechanical obstruction, other non-peptic esophagitis or peptic
ulcer disease.

Step 3: Reflux monitoring to characterize pattern of reflux burden and reflux
sensitivity (Turn Card)—When erosive reflux disease is not present, the next step is to
characterize the reflux burden with reflux monitoring to assess for acid exposure, reflux
events, and association between symptom perception and reflux events. 14 Ambulatory
reflux monitoring is available as 24 hour transnasal catheter recording with or without
impedance monitoring, and wireless pH monitoring with prolonged monitoring capabilities.
When the pre-test likelihood of GERD is low, defined by the Lyon Consensus as lack of
erosive reflux disease, ambulatory reflux monitoring is performed off acid suppression in
order to establish presence of GERD at baseline. 1> On the other hand, if the pre-test
likelihood of GERD is high, defined by objective evidence of reflux by way of erosive reflux
disease on endsocopy or previous positive reflux monitoring, ambulatory reflux monitoring
is performed on acid suppression to evaluate for refractory GERD [Figure 4]. 16

According to the recent Lyon Consensus for GERD, esophageal acid exposure time greater
than 6.0% is consistent with acidic gastro-esophageal reflux disease, acid exposure time less
than 4.0% is physiologic, and acid exposure times between 4.0 to 6.0% are inconclusive and
require further testing. Also, per the Lyon Consensus, more than 80 reflux events is
consistent with elevated reflux burden, below 40 reflux events is physiologic, and between
40 to 80 is inconclusive. 16 These values are basically levels of confidence, or in other words
the amount of money you would wager, that the patient has underlying GERD.

Furthermore, reflux monitoring evaluates the association between reflux events and
symptom perception. A positive symptom index (SI) (50% or more of a symptom are
associated with a reflux event) and a positive symptom association probability (SAP)
(>95%) are consistent with positive symptom-reflux association. When acid exposure and
reflux events are within normal limits, a symptom-reflux association indicates esophageal
hypersensitivity. 16

Esophageal hypersensitivity is symptom perception of heartburn/chest pain under non-
pathologic reflux settings, and is a function of allodynia and hyperalgesia due to central and
peripheral sensitization. As such, treatments to modulate neural perception such as
behavioral interventions or low-dose antidepressants are therapies for esophageal
hypersensitivity. 8 In contrast, patients with a positive symptom association for the
perception of regurgitation on PPI therapy may have significant non-acid reflux burden and
this is different than reflux hypersensitivity as it is most commonly due to overt defects in
the antireflux barrier.

Therefore, for patients with unproven GERD reflux monitoring can classify reflux burden as
non-erosive reflux disease with acid burden, reflux hypersensitivity, regurgitation of acid or
non-acid refluxate, or absence of GERD.
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Step 4: Esophageal function testing to identify reflux mechanism,
characterize peristaltic clearance, and evaluate for alternate etiologies (River
card)—Esophageal function testing with esophageal manometry with or without
impedance-pH monitoring can provide adjunctive qualitative assessments in GERD.
Esophageal manometry is another method to evaluate the anti-reflux barrier, and to
additionally characterize the gastro-esophageal reflux mechanism. For instance, esophageal
manometry can identify transient LES relaxations (TLESRS), prolonged relaxations in the
LES associated with inhibition of the crural diaphragm that occur in response to gastric
distention in the absence of a swallow. 17- 18 TLESRs are the primary mechanism of
initiating reflux in the context of an intact anti-reflux barrier, and can be pharmacologically
inhibited with GABA agonists.1%-22 When the anti-reflux barrier is disrupted, esophageal
manometry may identify pathologic reflux as a function of strain-induced reflux, free-reflux,
or re-reflux of contents from a non-reducible hiatal hernia.23 In these cases pharmacologic
treatment options are limited and may indicate the need for mechanical restoration of the
crural diaphragm.

Manometric properties can also be assessed following a meal to evaluate for behavioral
conditions such as rumination or supragastric belching. 24 25 The sensitivity and specificity
of high-resolution impedance manometry for diagnosis of rumination are 80% and 100%,
and when the pre-test suspicion for rumination is high post-prandial testing on manometry
can identify rumination in up to 20% of cases. 26: 2717 Supragastric belching is identifiable
on pH-impedance monitoring and high-resolution impedance manometry. 28

Further, esophageal manometry provides valuable assessment of peristaltic function and
esophageal clearance properties, and helps to predict response to treatment and risk of post-
treatment symptoms. For instance, a reduced distal contractile integral (less than 450mmHg-
s-cm) in the majority of swallows will indicate a hypomotile esophageal motor condition,
and an insufficient distal contractile integral following a multiple rapid swallow will
indicated reduced peristaltic reserve. 29 30 Hypomotile patterns have an increased risk of
post-fundoplication dysphagia, and in these cases tailored fundoplication techniques or
alternative anti-reflux procedures should be considered.

Therapeutic Strategies Personalized to GERD Phenotype

GERD is not one in the same, and as such, all treatments available to manage GERD are not
appropriate across all patients. Therapeutic strategies should be personalized to the GERD
phenotype. Below are examples of different scenarios of GERD patients. Through a step-
wise phenotype approach, a personalized therapeutic strategy for the distinct GERD
phenotype is established. Following this chapter, the next chapters will describe in detail
therapeutic options for GERD options such as acid suppression, endoluminal interventions,
and surgery.

Example 1 (Figure 5A): A 65 year-old man is referred to clinic for:

1. Heartburn and regurgitation that responds partially to PPI therapy (hole cards)

Gastrointest Endosc Clin N Am. Author manuscript; available in PMC 2021 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yadlapati and Pandolfino

2.

Page 6

Undergoes upper Gl endoscopy which reveals a 5cm non-reducible hiatal hernia

with grade IV gastroesophageal flap valve and LA D esophagitis (flop cards)

. Thus, this patient’s phenotype is: typical reflux symptoms with partial
PPI response, erosive reflux disease and a severely disrupted anti-reflux
barrier. At this point you don’t need further diagnostic evaluation with
reflux monitoring or esophageal function testing. In other words you
can go all in without the turn or river card. Management should focus
on optimizing acid suppression and mechanical restoration of the
gastro-esophageal flap valve.

Example 2 (Figure 5B). A 65-year old man is referred to clinic for:

1.
2.

Heartburn without response to PPI therapy and recent weight gain (hole cards)

Undergoes upper Gl endoscopy which reveals normal esophageal mucosa, a
0.5cm sliding hiatal hernia and grade 11 gastroesophageal flap valve (flop cards)

The next step is ambulatory reflux monitoring. Since the patient has a low pre-
test probability of GERD, the patient undergoes prolonged wireless pH
monitoring off PPI therapy. The acid exposure is 6.2%, 35 reflux events per day,
and there is a positive symptom reflux association (SI 75% and SAP 98%) for 25
symptoms of heartburn.

. Thus, this patient’s phenotype is: heartburn symptoms with recent
weight gain, PPI non-responder with non-erosive reflux disease likely
acid predominant with component of reflux sensitivity. At this point
you can attempt management without further diagnostic evaluation (bet
high without river card), focused on weight loss and optimizing acid
suppression. However, if the wager is whether or not to proceed with
anitreflux surgery, obtaining high-resolution manometry (river card) at
this point is extremely important as this may help guide decisions into
the type of antireflux intervention used to treat the underlying GERD.
Since the patient’s symptoms persist the patient undergoes esophageal
manometry and impedance-pH monitoring on PPI (river card). In this
case testing reveals frequent tLESRs with gastro-esophageal reflux
events, and controlled acid exposure on PP1. Adjunctive management in
this case could include the addition of tLESR inhibition.

Example 3 (Figure 5C). A 65-year old man is referred to clinic for:

1.
2.

Regurgitation and no response to PPI therapy (hole cards)

Undergoes upper Gl endoscopy which reveals normal esophageal mucosa, no
hiatal hernia, and grade | gastroesophageal flap valve (flop cards)

The next step is ambulatory reflux monitoring, which demonstrates 55 reflux
events, normal acid exposure, and positive symptom-reflux association for
regurgitation (S1 100%, SAP 99%). (turn card)
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. Thus, the phenotype at this point is PPl non-responder with
regurgitation and borderline elevated reflux burden. You can add on a
mucosal protective agent, but since you suspect rumination and given
borderline testing you pursue additional testing.

4. High-resolution esophageal manometry and impedance-pH monitoring on PPI
are performed and reveal 10 rumination episodes during the 60 minute post-
prandial testing period. (river card)

. Thus this patient is a PPl non-responder with rumination, and
management will focus on behavioral intervention, diaphragmatic
breathing and trial of GABA agonist. 3! In this case you will refrain
from referring for anti-reflux surgery.

Summary

In summary, GERD is prevalent disorder and patients will present with heterogeneous
phenotypes which require personalized treatment strategies. Personalization of treatment for
GERD requires an understanding of the patient’s GERD phenotype. The framework to
phenotype GERD hinges on a step-wise Bayesian evaluation method which minimizes risk
and cost while maximizes phenotypic yield (Figure 2). The step-wise evaluation begins with
characterization of symptom profile and response to PPI therapy. In cases of inadequate
symptom response, the next step is endoscopic evaluation of mucosal and anatomic integrity.
In the absence of erosive reflux disease and a severe disruption, the third step is ambulatory
reflux monitoring, off PPI therapy in the case of unproven GERD, to characterize reflux
burden and evaluate for esophageal hypersensitivity. At this juncture if the GERD phenotype
remains unclear the next step is to perform esophageal function testing with high resolution
impedance manometry with or without pH impedance testing to evaluate for mechanism of
gastro-esophageal reflux event, peristaltic clearance from esophagus, and alternate sources
of symptoms. Esophageal function testing is also a part of the pre-operative evaluation for
anti-reflux surgery. Therapeutic strategies should be focused on the GERD phenotype, and
begin with the least invasive and safest treatment options. Additionally, factors focused on
visceral anxiety and hypervigilance need to be addressed as these features can effect
symptom severity and healthcare utilization. These treat-to-mechanism phenotype
approaches to GERD are critical to reducing the tremendous health care burden of GERD
that is generated from a combination of these important anatomic, physiologic and
psychologic biomarkers (Figure 6).
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Synopsis

Patients with gastroesophageal reflux disease (GERD) present with heterogeneous
symptoms, response to treatment and physiologic profiles, requiring distinct and
personalized management. This chapter provides a step-wise framework to phenotype
GERD beginning with (1) characterization of symptom profile and response to acid
suppression, (2) endoscopic evaluation of mucosal and anatomic integrity, (3) ambulatory
reflux monitoring to characterize reflux burden and sensitivity, and (4) esophageal
physiologic testing to assess gastro-esophageal reflux mechanism, effectors of reflux
clearance and evaluate for alternate etiologies.
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Key Points
. GERD is a prevalent disorder associated with tremendous quality of life
impairment and healthcare expenditure
. Patients with GERD present with heterogeneous phenotypes and require
personalized diagnostic and treatment strategies
. A step-wise framework to phenotype GERD aims to optimize phenotypic

yield while minimizing risk and cost

Step 1 is to characterize symptom profile and response to PPI
therapy

Step 2 is indicated when symptom response is inadequate, patient
presentation is atypical, and/or warning signs/symptoms are present.
Step 2 is endoscopic evaluation for mucosal and anatomic integrity,
and to assess for alternative diagnoses.

Step 3 is indicated in the absence of erosive reflux disease or severe
disruption of the anti-reflux barrier. Step 3 is ambulatory reflux
monitoring, typically off acid suppression, to characterize reflux
burden and evaluate for reflux hypersensitivity

Step 4 is indicated if the GERD phenotype remains unclear. Step 4 is
esophageal function testing with high-resolution impedance
manometry with or without pH impedance testing to assess for
reflux mechanism, peristaltic clearance, and alternate sources of
symptoms
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Step 3: Turn Card
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Figure 1. The combination of factors in phenotyping GERD are akin to the combination of cards

in a game of poker.

Phenotypes of GERD, or a combination of cards, are revealed in a step-wise fashion. At any
step a provider, or player, may decide to stop further evaluation and treat given a very high
odds of outcome for a certain phenotype.
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Step 1: Clinical presentation
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Figure 2.

Four steps of phenotyping in GERD to define important biomarkers and clinical predictors

of treatment and disease outcomes.
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Syndromes of
GERD

Symptomatic
|| so Bﬁ;r?}:(ion | |Heartburn (Typical Established Proposed
phag e Reflux Syndrome) Associations Associations
segment)
Erosive Esophagitis Regurgitation
—(Los AngelesGrade| |—| (Typical Reflux l—| R:”::S:#gh | Pharyngitis
B or higher) Syndrome) Y
Reflux Chest Pain P T —
— PepticStricture |~ Syndrome — S ndn;ymg — Sinusitis
(Atypical) 4
Esophageal || RefluxAsthma || | Idiopathic
Adenocarcinoma Syndrome Pulmonary Fibrosis
| | RefluxDental || RecurrentOtitis
Erosion Syndrome Media

Figure 3.
Syndromes of GERD (Adapted from the Montreal Classification) classifies GERD as an

esophageal syndrome or extra-esophageal syndrome. Esophageal syndromes may be those
associated with esophageal injury or based on symptom presentation. (From Vakil N, van
Zanten SV, Kabhrilas P, et al. The Montreal definition and classification of gastroesophageal
reflux disease: a global evidence-based consensus. Am J Gastroenterol 2006;101:1900-20;
with permission.)
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Troublesome GERD symptoms despite PPI
therapy (Normal endoscopy)

Unproven GERD Proven GERD
[
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Figure 4. Reflux monitoring for PPl non-response for patients with non-erosive GERD
symptoms.
For patients with unproven GERD ambulatory reflux monitoring off PPI is recommended to

assess for presence or absence of pathologic acid exposure time (AET) and symptom reflux
association (SRA) in order to phenotype GERD. In setting of previously proven GERD
ambulatory reflux monitoring with pH impedance on PPI is recommended to identify
whether GERD with a functional or hypersensitivity overlap is present, whether a
regurgitation syndrome is present, or whether PPI refractory GERD is present.
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Figure 5. Step-wise phenotype approach for three patient examples (A, B, C).
Example 5A: A 65 year old man is referred for heartburn and regurgitation partially

responsive to PPI (hole cards) and undergoes upper Gl endoscopy which reveals a 5cm non-
reducible hiatal hernia with grade IV gastroesophageal flap valve and LA D esophagitis
(flop cards). This patient’s phenotype is clear at this point (typical reflux symptoms with
partial PPI response, erosive reflux disease and a severely disrupted anti-reflux barrier), and
thus phenotype guided management can proceed without further evaluation. Management in
this case will hinge on optimizing acid suppression and mechanical restoration of the gastro-
esophageal flap valve.

Example 5B: A 65-year old man with recent weight gain, heartburn, and no response to PPI
therapy (hole cards) undergoes upper Gl endoscopy which reveals normal esophageal
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mucosa, a 0.5cm sliding hiatal hernia and grade |1 gastroesophageal flap valve (flop cards).
The GERD phenotype is not clear at this point, and the next step is ambulatory reflux
monitoring. Since the patient has a low pre-test probability of GERD, the patient undergoes
prolonged wireless pH monitoring off PPI therapy. The acid exposure time (AET) is
elevated. Thus, this patient’s phenotype is: heartburn symptoms with recent weight gain, PPI
non-responder with non-erosive acidic reflux disease. At this point you can attempt
management without further diagnostic evaluation focused on weight loss and optimizing
acid suppression. However, if symptoms persist further evaluation with esophageal
manometry and impedance-pH monitoring on PPI (river card) would be warranted.
Example 5C: A 65-year old man is referred to clinic for regurgitation and no response to PPI
therapy (hole cards) and undergoes upper GI endoscopy which reveals normal esophageal
mucosa, no hiatal hernia, and grade | gastroesophageal flap valve (flop cards). The GERD
phenotype is unclear and so the next step is ambulatory reflux monitoring, which
demonstrates an inconclusive number of reflux events, normal acid exposure, and positive
symptom-reflux association for regurgitation (SI 100%, SAP 99%). (turn card) Given
inconclusive findings and suspicion for rumination the next step is esophageal physiologic
testing with manometry and pH impedance on PPI therapy which uncovers rumination
syndrome. At this point the phenotype is clear (PPI non-responder with rumination) and
management will focus on behavioral intervention, diaphragmatic breathing and trial of
GABA agonist. In this case you will refrain from referring for anti-reflux surgery.
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Figure 6.
Conceptual model of the interaction of the components of phenotyping in GERD that lead to

reduced quality of life and increased healthcare utilization.
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