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Abstract: Gastro-esophageal reflux disease (GERD) has a worldwide prevalence and presents with a broad
spectrum of symptoms and various grade of severity: from mild disease to complicated disease in relation
with long standing disease. Etiopathology is related to abruption of anti-reflux mechanisms, including
anatomical barrier which protects by reflux of gastric content and esophageal peristalsis that cleans the reflux
to avoid the exposition of esophageal mucosa to acid. Diagnosis is based primarily on typical symptoms,
the presence of atypical symptoms that can be related to GERD needs additional testing, as pH-impedance
monitoring and esophageal manometry. These additional tests are necessary to assess the association
between pathologic reflux and the symptoms. Lifestyle interventions are recommended; to date, the proton
pump inhibitors are milestone of the medical treatment and the 8-week trial is first line therapy and it is
considered also as diagnostic mean. Other possible medications include histamine-receptor antagonists and
neuromodulators. When medical therapy lacks in relieving symptoms, anti-reflux surgery (ARS) can be
suggested after an adequate characterization of disease. The 24-hour esophageal pH-impedance monitoring
allows to demonstrate the pathological reflux and the association between acid and not-acid reflux with the
symptoms. The high-resolution manometry (HHRM) is useful to identify esophageal major motility disorders.
These tests are suggested to select patients with better outcome from surgery and to tailor the most suitable

procedure for patients.
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Introduction

Gastro-esophageal reflux disease (GERD) is characterized
by the presence of a variety of symptoms induced by the
reflux of gastric contents in the esophagus; its estimated
prevalence varies between 8% and 33%. The GERD
prevalence is 20% in the Western countries and has been
increasing over the past 30 years; this increase is attributed
to an analogous increase in obesity (1,2).

Pathophysiology of GERD may be explained with the
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impairment of one or more of the different anatomical and/
or motor mechanisms involved in the anti-reflux system (3).
Anti-reflux mechanism includes anatomical barriers and
esophageal peristalsis. Anti-reflux barrier is a complex
region including the intrinsic lower esophageal sphincter
(LES), the diaphragmatic crura, the phreno-esophageal
ligaments and the acute angle of His. The esophageal
peristalsis acts clearing the refluxate to reduce exposure to
noxious components of gastric juice (4-7). Increased gastric
secretion, and excess of gastric content secondary to delayed
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gastric emptying may contribute to reflux events (3, 7).

The most common cause of reflux is considered
the Transient Lower Esophageal Sphincter Relaxation
(TLESR), which are non-swallow-induced relaxations of
the LES to enable venting of gas from the stomach. It is
still controversial whether subjects with GERD have more
TLESRs that are probably induced by the afferent sensory
mechanisms of the stomach, involved in a vagal control
of LES. It has been reported that TLESRs are not more
frequent in patients with GERD than in asymptomatic
volunteers, but when TLESRs occur in GERD patients,
they are twice as likely to have acid reflux (8).

Lifestyle factors, such as weight gain and high body
mass index, high dietary fat intake and carbonated drinks
consumption, are recognized to develop or exacerbate
GERD symptoms; it is not clear which role alcohol and
smoking play in leading to GERD (3). Body weight seems
to be an important risk factor; in our experience of 24-hour
esophageal pH-monitoring for GERD, pathological reflux
is more frequent in overweight patients than in normal
weight patients (46% vs. 22%, respectively; personal
unpublished data).

GERD presents a broad spectrum of symptoms that
may or may not be associated with different severity of
esophageal mucosa damage. Diagnosis is based primarily
on clinical evaluation, investigating typical and atypical
symptoms (9), though testing is possible to obtain a better
disease characterization, and to define optimal management,
be that Proton Pump Inhibitors (PPI) therapy, ARS or
cognitive behavioral therapy (10).

The GERD is classified in erosive and Non-Erosive
Disease (NERD). Erosive Esophagitis (EE) is defined by the
presence of mucosal breaks on the distal esophagus mucosa;
NERD presents the same symptoms of EE, without visible
mucosal lesions. Upper endoscopy categorizes EE according
to the Los Angeles standardized classification, the focus is on
the length and on the extent of esophageal mucosal breaks,
and it describes four different grades of EE (11).

The NERD affects about 60% of reflux symptomatic
patients and includes different phenotypes, depending on
the esophageal acid exposition time (AET) and reflux-
symptom association. Ambulatory reflux monitoring
detects the presence of abnormal esophageal acid exposure,
reflux frequency and symptom association with reflux
episodes (2,9) and it can distinguish between NERD and
reflux hypersensitive. NERD patients have an abnormal
esophageal acid exposure with positive reflux-symptoms
association, while in reflux hypersensitive patients,
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symptoms are triggered by reflux episodes despite normal
AET (<6%) (12).

Finally, there is a group of patients complaining
heartburn or retrosternal discomfort or pain in absence of
evidence that they are induced by gastroesophageal reflux,
and in absence of histopathology-based esophageal motility
disorders. According to Rome IV Diagnostic Criteria (12),
this condition is classified as Functional Heartburn and
it represents about 10% of patients with heartburn. This
group resembles other patients with GERD in terms of
clinical presentation and impact on life quality, but the
outcome is not satisfactory with PPI therapy because of the
persistence of the symptoms (12,13).

A subgroup of subjects with GERD complains of
dysphagia in the absence of organic lesions. Dysphagia
has to be considered a symptom of alarm, but it is also
described as an atypical symptom of GERD. In our previous
observation dysphagia was statistically associated with the
presence of hiatal hernia. If dysphagia persists after PPI
therapy, further tests are suggested for such patients, as
barium esophagus X-ray and/or high-resolution manometry
(HRM) to evaluate the presence and the characteristics of
the hernia and possible alteration of esophageal motility. In
fact, patients with hiatal hernia and GERD symptoms may
have just a little benefit from the anti-secretory therapy, due
to a delayed esophageal clearance; in these patients, anti-
reflux surgery can reach the symptom relief.

Medical treatment

The evaluation of outcome of the medical treatment is a key
of selection to candidate the GERD patients to surgery.

Clinicians stress the importance of some lifestyle
interventions: weight loss, head of bed elevation, avoiding
meals with high fat content and reclining within 2-3 hours
after a meal; these recommendations can improve GERD
symptoms prior or concurrently with medical therapy, and
scientific literature supports this kind of lifestyle habits
corrections (9). Esophageal pH-monitoring and GERD
symptoms improve from weight loss and head of bed
elevation (14-16) and avoiding of late evening meals shows
to improve nocturnal gastric acidity (17). Controversial
studies have been published about specific dietary
interventions (18,19); to date there are no recommendations
about broad food elimination (9).

Medical treatment is based on acid suppression and the
introduction of the PPI changed the clinical history of
GERD and currently they represent the milestone in the
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treatment of GERD.

Histamine-Receptor Antagonists (H2RA) may be used
in alternative to PPI, although studies showed a lower
symptoms relief compared to PPI (20). A Cochrane review
analyzed 134 treatment trials and found that PPIs reach
a better healing effect as well as a faster symptoms relief
than H2RA (21). A recent meta-analysis compared PPI,
H2RA and prokinetics in GERD symptoms relief and
demonstrated PPI as the best treatment (22). The H2RA
therapy added to daytime PPI can be offered to patients with
inadequately response to PPI and to patients with evidence
of night-time reflux, in a bed time administration (23).
However, major drawback of H2RA is development of
tachyphylaxis (9,24).

Reduction in TLESRs may be achieved by considering
vagal afferents as a therapeutic target for GERD; baclofen
cannot be used for its severe side effect; emerging similar
agents are being investigated (25).

An 8-week course of PP is the first line medical therapy;
symptoms relief and healing of erosive esophagitis are
achieved in about 70-80% (9). There are no significant
differences in efficacy between different PPIs (23,26).
Efficacy of PPI treatment is strongly associated with a
relationship between symptoms and reflux. Compared with
NERD, symptoms relief with PPI is higher in EE and this
may be explained by the presence of other mechanisms than
acid occurring in some NERD patients (27,28). However,
when NERD patients with proven reflux are analyzed,
success rate on symptoms relief is similar to the benefit
obtained in patients with EE (29). Therefore, patients
who are refractory to PPI need to undergo additional
tests to better characterize their disease in order to prove
GERD or to detect the acid underlying mechanism. A
recent trial evaluated the efficacy of surgical compared to
medical treatment among 366 patients with PPI-refractory
heartburn (30). A minority of patients experienced relief of
heartburn during the 2-week twice daily omeprazole; it’s
worth mentioning that patients were instructed to take the
medication 20 minutes before breakfast and dinner. After
complete evaluation with additional testing, about one third
of patients was diagnosed as functional heartburn and only a
minority of patients referred with PPI-refractory heartburn
underwent reflux surgery. In this selected group success with
Nissen fundoplication was significantly larger compared to
medical treatment. This study highlights some controversial
aspects in management of GERD: (I) the definition of PPI-
refractory doesn’t always takes into account correct drug
ingestion modality and patient’s compliance; (II) additional

© Laparoscopic Surgery. All rights reserved.

Page 3 of 11

tests can be detected non-reflux related disease and other
underlying mechanisms may be hypothesized in order to
start more appropriate treatment; (III) in highly selected
PPI-refractory patients with proven GERD, anti-reflux
surgery is superior to medical treatment in relief heartburn.

Additional controversial aspects that may influence the
clinician’s decision in the medical treatment of GERD are
the management of atypical symptoms and the side effects
of long-term PPI therapy. The American GERD guidelines
recommend the PPI trial to treat extra-esophageal
symptoms in presence of typical GERD symptoms (9).
The efficacy of PPI therapy has been demonstrated in this
condition (31,32), while there is not much evidence, when
typical symptoms are lacking (9).

Response to PPI and reflux monitoring detecting the
pathologic presence of gastroesophageal reflux and the
association between symptoms and gastro-esophageal
reflux are crucial to define an appropriate treatment. It was
demonstrated that in the absence of a PPI response, surgery
is unlikely to be effective even with abnormal 24-hour pH-
impedance findings (33).

It was reported that PPI-test has a good accuracy in
predicting reflux etiology (sensitivity 84%, specificity 74%)
in patients with non-cardiac chest pain (34), but there are
poor data about predicting etiology in patients with other
atypical symptoms.

About long-term therapy, PPI therapy maintenance is
mandatory in patients with GERD complications including
erosive esophagitis and Barrett’s esophagus. In patients with
persistence of symptoms after PPI discontinuation, decision
of long-term therapy must be cautiously considered,
establishing benefit over risk before initiating it (9). In
patients with proven GERD by an abnormal pH test, long-
term therapy with the lowest dose of PPI can be allowed.
In patients with unproven GERD reflux, pH-monitoring is
mandatory to define abnormal reflux before long-term PPI
therapy starts (23,35). NERD patients with pathological
reflux may be managed with on-demand or intermittent
PPI therapy (9,36). H2RA or neuromodulators are
indicated in patients with reflux hypersensitivity, whereas
functional heartburn should be managed with other medical
and no medical strategies (i.e. neuromodulators and
psychotherapy) (9,23).

When long-term PPI treatment is needed, their adverse
effects should be considered and patients should be
monitored accordingly. American guidelines recommend
only stop of PPI in patients at risk of Clostridium Difficile
infection and other enteric infection (9). A recent expert
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review highlights the importance of patient selection for
long-term therapy and suggests to attempt reduction at
minimal dose or stop when possible (for example in patients
with uncomplicated GERD), with periodically reevaluation.
There are some reports about their role on mineral and/or
vitamin deficiencies, but in absence of evidence, any their
monitoring is not recommended (37).

Long-term PPI treatment frequently does not induce a
sufficient benefit in NERD patients; moreover, the chronic
assumption of drug may affect the patient’s compliance.

In addition, PPI therapy reduces the symptoms and
damage caused by the acid component of the reflux, but
does not affect the reflux and the effects of the non-acid
components of the reflux (bile, pepsin, etc.). The persistence
of the symptoms can be related to the non-acid reflux,
and some subjects treated with PPI therapy benefited on
heartburn or on other symptoms, but they had to sleep in
orthopneic position due to the occurrence of bulky refluxes
causing cough and dyspnea when lying. In all these cases it
can be necessary changing the plan of treatment.

Surgery: who, when, how?

American GERD guidelines suggest to consider anti-reflux
surgery for GERD patients with long-term therapy, or in
presence of side-effects associated with medical therapy, or
in presence of esophagitis refractory to medical therapy, or if
symptoms are persistent, despite long-term PPI therapy (9).

According to ICARUS consensus prior to reflux
surgery patients must undergo a complete evaluation:
upper gastrointestinal endoscopy, 24-hour pH-impedance
monitoring, high resolution manometry. Also, patients
with suspicion of hiatus hernia or short esophagus need to
undergo a barium swallow, while a gastric emptying test is
recommended in patients with dyspeptic symptoms (2).

The successful outcome of surgery depends on the
accurate selection of the candidates (30,38).

A group of surgical candidates are PPI non-responders.
To assess the lack of response to the PPI it is necessary to
investigate the patient’s compliance, the tablet intake timing,
the dosage of the PPI and to evaluate the persistence of acid
refluxes during PPI treatment (9,23,30,39).

In addition, the definition of PPI refractory is
questionable. In scientific literature Authors debate whether
the lack of response should be considered after 8 weeks of
treatment with a single or a double PPI dose (9,40,41).

Surgical treatment of GERD can be suggested in
patients with atypical symptoms, when it is shown that
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they are associated with gastric reflux and in patients with
persistence of symptoms in the presence of hiatal hernia,
without short esophagus (2).

Considering the esophageal functional disorders,
persistence of symptoms may benefit from surgical
treatment in the case of reflux-hypersensitive esophagus,
but not in functional heartburn.

In all candidates for anti-reflux surgery it is useful
performing the functional assessment of the esophagus by
24-hour esophageal pH-impedance monitoring and HRM.

A recent expert panel proposed various medical or
surgical strategies based on the results of different tests
and confirmed the importance of evidence of pathological
reflux and/or symptoms-reflux association prior to refer to

surgery (42).

Twenty four-bour pH-impedance esophageal monitoring

The 24-hour esophageal pH-impedance monitoring is a
gold standard for detection and characterization of reflux
episodes (10). Monitoring of the intra-esophageal pH and
impedance is indicated in patients with incomplete or lack
of response to PPI therapy, in candidates to anti- reflux
surgery, and for atypical symptoms like cough, frequent
belching, and suspected rumination.

The ICARUS guidelines recommend pH-monitoring
(+ impedance) prior to referral for anti-reflux surgery (2)
in order to characterize reflux-disease and to accurately
select patients who can achieve better results. Esophageal
AET is the main outcome from reflux monitoring and
6% is the diagnosed with pathological acid reflux. Reflux-
symptom association can be detected with pH-metry
software to determine whether reflux episodes co-occur
with symptoms (10).

The pH-impedance monitoring may be used to assess
reflux events with both a pH electrode and a series of
impedance electrodes. Compared to the previous pH-
monitoring, measuring the reflux as presence in the esophagus
of pH <4, the impedance monitoring adds the assessment of
weakly acidic refluxes (4< pH <7), of weakly alkaline refluxes
(pH >7), of gaseous refluxes, and re-reflux episodes (43).
Advantage of impedance over pH monitoring alone is to
detect symptoms triggered by non-acid/weak acid reflux or
by gas distension (43,44). Conditions taking advantage of
the use of pH-impedance monitoring are chronic cough,
excessive belching and rumination syndrome (43). Chronic
cough often is associated with weakly acid reflux, whereas
in patients with excessive belching, impedance monitoring
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reliably distinguishes between gastric belch episodes and
esophageal belching (45-47).

Both tests (pH and pH-impedance monitoring) can
be done ‘on’ or ‘off” PPI therapy, and the choice depends
on symptoms and disease history. Lyon consensus
recommended reflux monitoring off PPI in instances of
unproven GERD and reflux monitoring on PPI in instances
of proven GERD. When GERD has been diagnosed by
endoscopic finding of erosive esophagitis or by abnormal
pH-monitoring in NERD, the test may be performed on
PPI therapy to establish reflux-symptoms correlation and/or
to assess adequate acid suppression or poor compliance as
the mechanism of persisting symptoms. In contrast, patients
with unproven GERD and candidates for reflux surgery
may be evaluated off PPI to demonstrate baseline AET (10).

A recent study compared medical treatment versus
surgical treatment of reflux disease, reporting that a
comprehensive evaluation with additional tests can
adequately select the patients most likely to experience
GERD reduction. The Authors selected patients with
abnormal acid reflux detection and/or probability of
association of positive symptoms (SAP >95%) on pH
monitoring and prescribed a treatment period of 2 weeks
with omeprazole 20 mg t.i.d. Patients with partial or absent
response were randomized to surgery or active medical
treatment or control medical treatment. Active medical
treatment was consisted in Omeprazolo 20 mg t.i.d. plus
Baclofen and desipramine added sequentially, and control
medical treatment was consisted in omeprazolo 20 mg
t.i.d. plus Baclofen placebo and desipramine placebo. In
this surgery selected population, the benefit at 12 months
was achieved in 67% of patients undergoing reflux surgery

compared to 28% of patients randomized for active medical
therapy (P=0.007) (30).

Esophageal HRM

Esophageal HRM provides functional and anatomical
information about body peristalsis, and about gastric-
esophageal junction (EGJ) that combines LES and crural
diaphragm. It is not recommended in diagnostic assessment
of GERD because it is not useful in diagnosis of GERD,
but may contribute to explain its pathophysiology. Indeed,
there are some functional/motility disorders that may be
responsible for GERD symptoms and that need appropriate
treatment.

The HRM provides the efficacy of the EGJ with the

measurement of the resting pressure; low resting pressure
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of the EG]J can facilitate the gastric reflux; in our experience
we have observed hypotensive LES more frequently in
overweight patients than in normal weight patients (46% vs.
16%), and we have detected a trend in decreasing of LES
pressure values with increasing of body mass index.

The HRM can describe the disruption of the EG]J or hiatal
hernia; in this condition 2 high-pressure zones are detected
corresponding to LES (upper) and diaphragmatic crura
(lower) respectively (Figure I). The quantifiable separation
between the diaphragmatic crura and LES shows the hernia
size. Studies show that HRM has a high sensitivity of 92%
and a specificity of 95% for detecting hiatal hernia (48).
The Chicago classification describes 3 subtypes of EGJ
based on the separation distance between the diaphragmatic
crura and the LES: type I, no separation between the LES
and diaphragmatic crura; type II, minimal separation (>1 and
<2 cm); and type 111, >2 cm of separation (49).

A significant increase in esophageal acid exposure
time, and positive reflux-symptom association are seen in
association with the type III EGJ] morphology (50,51).

Dysphagia is a common complication of ARS, occurring in
about 3-24% of patients at six months after surgery (52-55);
causes may be related in part to surgical technique. There
are different types of wraps that may be used as a possible
alternative measure to Nissen fundoplication; it was
demonstrated that laparoscopic 270° fundoplication achieves
a better outcome than 360° total fundoplication, especially
in terms of postoperative dysphagia (56). A systematic review
compared results between Toupet fundoplication and Nissen
fundoplication showing a higher rate of post-operative
dysphagia in the latter one, 8.5% wvs. 13.5% respectively (57).

However, dysphagia may also occur because of
undiagnosed preexisting motor disorders; in this context,
esophageal motility study with HRM is mandatory to select
patients for ARS (2). In diagnostic work-up of ARS, HRM
enables to detect major esophageal motor disorders that
represent a contraindication for surgery (49). Regarding
other motor disorders, there are few data supporting
that these findings predict post-operative dysphagia.
For example, patients with distal esophageal spasm are
considered poor candidates for surgery, likely for worsening
of symptoms after surgery or appearance of dysphagia.
On the contrary, patients with Jackhammer esophagus
and previously described Nutcracker esophagus may be
considered good candidates for reflux surgery (58); in fact,
some retrospective studies have demonstrated no difference
in outcomes compared to GERD patients with normal

findings on manometry (59).
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Figure 1 Hiatal Hernia. A high-resolution manometry with detection of 2 high-pressure zones (arrows) demonstrating the disruption of the

esophago-gastric junction. The upper zone corresponds to the lower esophageal sphincter and the bottom area to the diaphragmatic crura.

Contrasting data are reported on surgery outcomes in
patients with evidence of Ineffective Esophageal Motility
(IEM), which is classified as minor motor disorder involving
esophageal peristalsis (60-62).

To date, there are no real contraindications to Nissen
because of the lack of data on safety in presence of IEM,
but patients and clinicians should be aware of the risk that
dysphagia and/or chest pain might occur after surgery. We
detected weak peristalsis in 13% of obese patients; although
this finding is not clinically significant, this motility
abnormality could contribute to GERD physiopathology
and should be taken into account when choosing bariatric
surgery (sleeve gastrectomy or gastric by-pass) in obese
patients.

Provocative testing should be done during manometry
in order to assess peristaltic reserve that is suggested as
predictor of post-operative dysphagia (23,63). A possible
additional testing to improve HRM performance in surgery
work-up is Multiple Rapid Swallow (MRS). MRS (Figure 2)
consists in repetitive 2 mL volumes administered at 1-2
second intervals with a syringe; repetitive swallowing
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inhibits esophageal body motility and causes relaxation of
the esophago-gastric junction, which is then followed by a
clearing contraction (64,65). The lack or weak peristaltic
contraction during MRS suggests poor peristaltic reserve
and can be associated with dysphagia post-ARS.

Anisa Shaker et coworkers demonstrated that the
patients with postoperative late dysphagia were more likely
to have an abnormal MRS than those with no dysphagia.
After surgery, patients with late post-operative dysphagia
had a significantly pre-operative lower rate of normal MRS
than non-dysphagic patients (11.1% vs. 63.6%, respectively
P<0.02) (63). Since no large studies have evaluated the
role of provocative test, in particular of MRS, more data
are necessary to evaluate whether practicing MRS prior to
surgery might be useful to tailor ARS.

Conclusions

GERD affects upper GI with a high prevalence all over
the world. In a hypothetical diagnostic workup, accurate
evaluation of symptoms could be sufficient for diagnosing,
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but additional tests may be useful to better characterize the
disease. Upper endoscopy leads to define an erosive disease,
to rule out alternative diagnosis of GERD (for example,
eosinophilic esophagitis), to detect long standing GERD
complications like Barrett esophagus and adenocarcinoma.

Proton pump inhibitors represent the milestone in the
treatment of GERD. When PPl-refractory is suspected,
the accurate evaluation of patient’s compliance is necessary
and when PPI-refractory is confirmed, additional tests
are necessary to detect other underlying mechanisms or
overlapping conditions in order to suggest appropriate
treatment. If medical treatment is no longer adequate and
GERD is proved, anti-reflux surgery is a good strategy after
an accurate diagnostic and functional work up for patients’
selection.

Ambulatory reflux monitoring is a gold standard to prove
GERD in uncertain conditions and to characterize burden,
type of reflux and symptoms-reflux association. Esophageal
HRM leads to rule out esophageal motility disorders that
may present with the same symptoms, contributing to
explain pathophysiology of GERD providing functional
information. These additional tests can adequately select
the patients most likely to experience benefit from anti-
reflux surgery.
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