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Abstract
Laparoscopic sleeve gastrectomy (SG) has reached wide popularity during the last 15 years, owing to limited 
morbidity and mortality rates, very successful weight loss results, and impact on comorbidities. However, the 
postoperative development or worsening of gastroesophageal reflux disease (GERD) is one of the most important 
drawbacks of this surgical procedure. To date, there is great heterogeneity concerning the definition of GERD, the 
indication for SG in patients with GERD, and the standardization of pre and postoperative diagnostic pathways. In 
patients with severe obesity, a strictly symptom-based diagnosis of GERD is unreliable. In fact, a high rate of silent 
GERD (s-GERD, asymptomatic patients despite objective evidence of GERD) has been reported. Moreover, 
patients with preoperative s-GERD have a significantly higher risk of experiencing GERD symptoms after SG. For 
these reasons, the reflux burden and the competence of the anti-reflux barrier should be carefully assessed during 
the preoperative work-up of patients undergoing SG. Ambulatory pH monitoring (APM) and high-resolution 
manometry (HRM) are useful diagnostic tools that could provide valuable evidence in the guidance of surgical 
strategy. In this review, we evaluate the current literature concerning the use of APM and HRM in the diagnostic 
pathway before SG, as well as their predictive value for the evolution of GERD in the postoperative course. 
Moreover, we propose a diagnostic algorithm for preoperative GERD assessment, which includes validated 
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symptom questionnaires, upper gastrointestinal endoscopy, APM, and HRM.
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INTRODUCTION
Obesity is an independent risk factor for gastroesophageal reflux disease (GERD) and is associated with 
esophageal complications such as erosive esophagitis (EE), Barrett's esophagus (BE), and esophageal 
adenocarcinoma[1-3]. Multiple pathophysiological mechanisms predispose populations with obesity to 
GERD, including increased intra-abdominal pressure, decreased lower esophageal sphincter (LES) pressure, 
and higher frequency of transient LES relaxation (tLESR)[4]. In addition, a higher prevalence of hiatal hernia 
(HH) has been described[5].

Bariatric surgery has proven to be the most effective treatment for severe obesity (SO), yielding significant 
and sustained weight loss as well as the improvement of associated comorbidities and quality of life 
(QoL)[6,7]. Laparoscopic sleeve gastrectomy (SG) has become the most frequently performed procedure in 
the worldwide bariatric scenario[8-10] because of its simplicity, short operative times, and satisfying mid to 
long-term results with regard to weight loss and the improvement and resolution of comorbidities and QoL 
outcomes[8,9]. However, the postoperative development of de novo or worsening of existing GERD is 
currently the most troublesome and controversial issue of SG.

The pathophysiological relationship between SG and GERD is multifactorial and not completely 
understood. It has been claimed that SG entails the creation of a “low volume high-pressure system”, which 
may cause an imbalance between the intraluminal pressure of the gastric tubule and that of LES[11]. The 
former is physiologically increased because of the resection of the fundus, the most expandable portion of 
the stomach[12]. However, in case of technical errors (stenosis or twisting of the SG, resection of the antrum 
too radical), the increase of the intraluminal pressure may become pathological and could overcome that of 
LES, even if preserved. Alternatively, the surgical manipulation of the crural area during SG, with the 
resection of the sling fibers and the alteration of the His angle, may impair the competence of the 
esophagogastric junction (EGJ)[13-15]. Moreover, in cases of HH, the LES pressure can further decrease[16].

Data concerning the effect of SG on GERD are quite heterogeneous. In the last decade, several systematic 
reviews and meta-analyses have been published on this issue [Table 1]. The majority of these studies have 
reported the postoperative prevalence of GERD symptoms, the prevalence of EE, and the increased use of 
proton pump inhibitors (PPI) compared to preoperative rates. De novo GERD occurred in 12% to 69% of 
patients, whereas the incidence of BE after SG ranged from 8% to 11%. The rate of patients that were 
converted to Roux-en-Y gastric bypass (RYGB) because of severe reflux was up to 6.2%[17-24]. However, there 
is a lack of high-level evidence owing to the heterogeneity of the published studies concerning the definition 
of GERD, the selection criteria when offering surgery to those with or without GERD, and the 
standardization of the surgical technique. Furthermore, the methods to investigate and define reflux and its 
associated outcomes are variable, ranging from clinical notes to validated questionnaires, to upper 
gastrointestinal (UGI) endoscopy, objective reflux assessments (ambulatory pH monitoring, APM, and 
high-resolution manometry, HRM), or a combination of the above.

The present review aims to summarize the current evidence concerning the effectiveness of APM and HRM 
during the preoperative work-up of patients with SO seeking SG and to evaluate the predictive value of 
these tests for the evolution of GERD in the postoperative course. Moreover, the review includes a proposal 
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Table 1. Summary of the current literature concerning the effect of Sleeve gastrectomy (SG) on Gastroesophageal reflux disease 
(GERD)

Post-operative gerd outcomes
Studies Design

GERD symptoms de novo
GERD PPI use EE HH BE Conversion to 

RYGB

Chiu et al. 
(2011)[17]

SR ■ Increased prevalence: 4 studies 
Decreased prevalence: 7 studies

n/a n/a n/a n/a n/a n/a

Laffin et al. 
(2013)[18]

SR ■ Increased prevalence: 8 studies 
(Increase range: 2.1%-34.9%) 
■ Decreased prevalence: 5 studies 
(Decrease range: 2.8%-20%)

n/a n/a n/a n/a n/a n/a

Oor et al. 
(2016)[19]

SR + 
MA

Slight not significant increase 
■ Increased prevalence: 16 studies 
■ Decreased prevalence: 12 studies

20% ■ Increased: 3 
studies 
■ Decreased: 1 
study

New-onset: 
6.3%-63%

n/a n/a n/a

Gu et al. 
(2019)[20]

SR + 
MA

Improvement/remission: 40.4% 9.3% ■ n/a n/a n/a n/a 6.2%

Yeung et al. 
(2019)[21]

SR + 
MA

Significant increase of GERD 
prevalence (19%)

23% ■ 38% 30% 41% 8% 4%

Qumseya et al. 
(2020)[22]

SR + 
MA

Significant increase of GERD 
prevalence (OR: 1.6-49)

45% ■ Before SG: 
22%-24% 
■ After SG: 
73%-76%

Prevalence 
increase: 
35%-86%

n/a 11.4% n/a

Balla et al. 
(2021)[23]

SR Increased DMS and/or AET: 
9 of 12 studies

17.8%-
69%

■ n/a n/a n/a n/a n/a

*Chen et al. 
(2021)[24]

SR + 
MA

Remission: 68% 12% ■ n/a n/a 11% n/a n/a

*This study evaluated the effect of concomitant Sleeve gastrectomy (SG) and hiatal hernia repair (HHR); AET: acid exposure time; BE: Barrett’s 
esophagus; DMS: DeMeester score; EE: erosive esophagitis; HH: hiatal hernia; MA: meta-analysis; n/a: not available; OR: odds ratio; PPI: proton-
pump inhibitors; SR: sistematic review; RYGB: Roux-en-Y gastric-bypass.

of the GERD diagnostic algorithm for patients seeking SG and the means to implement the available data in 
clinical practice.

OBJECTIVE REFLUX ASSESSMENT MODALITIES
In clinical practice, GERD is empirically diagnosed and treated based on the assessment of symptoms by the 
clinician. However, in the case of treatment failure or diagnostic uncertainty, objective reflux testing can 
confirm or rule out the initial diagnosis. The 2018 Lyon Consensus provided recommendations for the use 
and interpretation of reflux testing techniques. UGI endoscopy and APM are considered first-line tests for 
GERD diagnosis, as they can provide conclusive evidence that confirms or excludes the presence of 
pathological reflux. In the case of inconclusive outcomes, further data concerning the morphology and the 
competence of the EGJ and the motility of the esophageal body can be inferred from HRM[25].

Monitoring of pH
APM can provide confirmatory evidence of GERD, in patients with normal endoscopy, atypical symptoms, 
and/or when contemplating anti-reflux surgery (ARS)[26]. The primary outcome metrics of APM are the acid 
exposure time (AET) and the number of reflux episodes (acidic, weakly acidic, or weakly alkaline). In 2018, 
the Lyon Consensus proposed that an AET of less than 4% could be considered definitively normal and 
above 6% could be considered definitively abnormal, with intermediate values between these limits being 
inconclusive. Over 80 reflux episodes per 24 hours are definitively abnormal, whereas below 40 is 
physiological, and intermediate values are inconclusive. In the case of inconclusive AET (4%-6%), reflux 
episodes > 80 or < 40 can confirm or rule out the diagnosis of GERD, respectively[25]. APM also provides the 
opportunity to assess the temporal relationship between the occurrence of reflux and the onset of 
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symptoms[27]. The most valuable metrics are the symptom index (SI) and the symptom association 
probability (SAP). The former expresses the percentage of symptom episodes that are related to reflux, with 
a threshold of 50% to confirm this association. However, it does not take the total number of reflux episodes 
into account. On the other hand, the SAP expresses the likelihood that the patient’s symptoms are related to 
reflux and a value of ≥ 95% is considered positive. The combination of a positive SI and positive SAP 
provides the best evidence of a clinically relevant association between reflux episodes and symptoms and 
can support a GERD diagnosis when the other APM findings are inconclusive[28].

Finally, the DeMeester Score (DMS) is a composite score that measures acid exposure during APM. The 
mathematical calculation is based on points attributed to each standard deviation above the reference value 
for six parameters obtained from healthy individuals that serve as controls. The parameters that constitute 
the score are: (1) total number of episodes of reflux; (2) % total time esophageal pH < 4; (3) % upright time 
esophageal pH < 4; (4) supine time esophageal pH < 4; (5) number of reflux episodes ≥ 5 min; and (6) 
longest reflux episode (minutes)[29]. The sum of all parameters allows the diagnosis of pathologic reflux 
when the threshold value (14.72) is exceeded.

Esophageal manometry
Esophageal manometry assesses esophageal motility patterns by measuring the amplitude of contractile 
events in the esophagus and its sphincters in relation to time. HRM represents an evolution from 
conventional manometry. The main difference between the two manometric systems is the number of 
pressure sensors on the esophageal catheters. In contrast to conventional manometry, where three to eight 
sensors are spaced at 3 to 5 cm intervals, HRM sensors are typically spaced 1 cm apart along the length of 
the manometric assembly[30].

In GERD patients, esophageal manometry is usually performed to rule out major motor disorders 
(particularly achalasia), assess esophageal peristaltic performance before ARS, and evaluate post-
fundoplication dysphagia. Emerging indications are represented by the assessment of morphology and 
integrity of the EGJ, the measurement of hiatus hernia size, and the assessment of esophageal peristaltic 
performance before bariatric procedures[31]. The impairment of the EGJ as an anti-reflux barrier is the most 
important abnormality in GERD. Thus, the quantification of EGJ competence represents a significant 
biomarker in GERD evaluation. The Lyon Consensus proposed the adoption of two HRM parameters to 
evaluate EGJ competence adequately, one expressing its anatomical morphology and the second 
summarizing its contractile strength[25].

The EGJ morphology is defined by the spatial relationship between the LES and crural diaphragm (CD) and 
has been characterized into three subtypes according to the Chicago Classification of esophageal motility 
disorders, v3.0: Type I, no axial separation between the LES and the CD; Type II, minimal separation 
(> 1 cm and < 2 cm); Type III > 2 cm of separation[32]. In this manner, HRM is highly sensitive (92%) and 
specific (95%) for hiatus hernia detection (EGJ morphology types II or III) and superior to UGI endoscopy 
or UGI series alone[33].

The second parameter is the EGJ-contractile integral (EGJ-CI), which provides an overall measurement of 
EGJ contractility[34]. Unlike other manometric markers that are commonly used to evaluate the anti-reflux 
barrier function (integrated relaxation pressure, expiratory, and inspiratory EGJ pressures), EGJ-CI allows 
the contractility of the EGJ to be evaluated at rest, which is fundamental in determining its competence[35]. It 
has been shown that both the disruption of the EGJ (type II and III) and a defective EJG (EGJ-CI values 
below 39 mmHg·cm) are significantly associated with increased acid exposure. Thus, the evaluation of these 
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two metrics can be useful in predicting abnormal APM outcomes[36,37].

Esophageal peristalsis can be characterized by the distal contractile integral (DCI), which is an assessment of 
the vigor of esophageal smooth muscle contraction. Esophageal motility is considered intact when the DCI 
value is above 450 mmHg·cm·s. On the contrary, a DCI value < 450 mm Hg·cm·s indicates weak 
peristalsis[25]. The Chicago Classification of esophageal motility disorders (v4.0), defines ineffective 
esophageal motility (IEM) as ≥ 70% of test swallows with DCI < 450 mm Hg·cm·s[38]. High proportions of 
ineffective contractions increase the likelihood of abnormal esophageal acid exposure and reflux symptoms, 
whereas the greatest reflux burden is seen with absent contractility (100% of test swallows with DCI < 100 
mm Hg·cm·s)[39,40].

The evidence about the manometric and pH monitoring changes after SG is heterogeneous, likewise is that 
from the articles evaluating the impact of SG on GERD symptoms. However, the majority of studies have 
reported the postoperative worsening of these functional parameters[23]. This variability might depend on 
the use of different techniques (e.g., conventional manometry vs. HRM), the parameters analyzed, and the 
variable length of postoperative follow-up.

In studies involving the use of conventional manometry, a significant impairment of LES tone and 
esophageal body motility is demonstrated. Braghetto et al. showed a significant decrease in both the resting 
pressure and the length of the LES in 20 patients at six months after SG, with an 85% incidence of de novo 
hypotensive LES. The authors hypothesized that the partial resection of the sling fibers during surgery might 
be the cause of a hypotensive LES and, consequently, the development of de novo GERD[14]. Similar results 
were observed by Valezi et al., who reported a significant decrease of LES pressure in 73 patients one year 
after SG, as compared to preoperative values. Furthermore, they found a significant reduction in the 
amplitude of the esophageal peristaltic waves and the percentage of patients with normal peristalsis[41]. In 
contrast, Rebecchi et al. did not find any difference in LES resting pressure and distal esophageal wave 
amplitude in 65 patients two years after SG[42].

However, in studies involving the use of HRM, it has been observed that SG affected esophageal peristalsis 
rather than the competence of the LES. Coupaye et al. reported a significant reduction of both the 
percentage of normal esophageal contraction and DCI 1 year after surgery in a series of 47 patients, whereas 
the incidence of IEM significantly increased compared to the baseline value (from 20% to 50%; P = 0.048). 
In contrast, no significant changes in LES resting pressure and EGJ-CI were observed[43]. Similar results were 
reported by Del Genio et al. in a series of 25 patients showing unchanged LES function after SG. The 
incidence of IEM significantly increased from 10% at baseline to 46% after surgery (P = 0.0001), and 
complete bolus transit rate decreased from 90% at baseline to 50% after surgery (P = 0.0001)[44].

Concerning pH monitoring, most of the published studies reported a worsening of the reflux burden after 
SG. Coupaye et al. observed a significant increase in total AET and DMS in the entire cohort. However, 
when patients were stratified using baseline APM, reflux parameters worsened significantly only in the 
group of patients without baseline GERD, whereas no significant changes were observed in patients with 
baseline GERD[43]. Similarly, Tolone et al. observed a significant increase in total AET and the total number 
of reflux episodes one year after SG in a cohort of 26 patients without baseline pathological pH 
monitoring[45]. In contrast, Yormaz et al. reported a significant postoperative improvement of the reflux 
burden in a cohort of 152 patients assessed by APM at 6, 12, and 24 months after SG. In the entire cohort, 
DMS and total AET decreased significantly at 6 and 12 months, whereas no significant changes were 
observed at 24 months after surgery. Interestingly, the authors reported that weight loss outcomes and APM 
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parameters were significantly better in the group of patients who underwent a gastric resection at 2 cm from 
the pylorus, compared to the group of patients who underwent gastric resection at 6 cm, claiming that the 
antral resection may have a possible effect on postoperative GERD outcomes[46].

GERD ASSESSMENT IN PATIENTS WITH SO - THE ISSUE OF SILENT GERD (S-GERD)
In patients with SO, a strictly symptom-based diagnosis of GERD is unreliable. In fact, a high rate of s-
GERD (asymptomatic patients despite objective evidence of GERD) has been reported[47,48]. Carabotti et al. 
investigated 142 patients with SO before bariatric surgery with a validated Rome III symptomatic 
questionnaire and UGI endoscopy. They found that 59.7% of patients with abnormal endoscopic findings 
were asymptomatic. Moreover, they estimated that 87.5% of EE would have been missed by only performing 
preoperative endoscopy in patients with significant symptoms[49].

Ortiz et al. reported that only 22 out of 75 patients with objective data of abnormal gastroesophageal reflux 
(esophagitis and/or positive APM) satisfied the symptomatic criteria of GERD, while the remaining 53 
patients with EE and/or abnormal APM outcomes were asymptomatic[50]. Heimgartner et al. assessed the 
prevalence of reflux symptoms and abnormal APM findings in 100 patients seeking bariatric surgery. They 
reported that abnormal APM was noted in 69% of symptomatic and 50% of asymptomatic patients, whereas 
no differences were found between symptomatic and asymptomatic patients with regard to AET values. 
Thus, the authors concluded that endoscopy and reflux monitoring should be part of the preoperative 
work-up before bariatric surgery, especially before restrictive procedures[51].

The pathogenesis of s-GERD is uncertain. It has been hypothesized as a reduced esophageal sensitivity in 
patients with SO compared to patients without obesity. Ortiz et al. compared 30 patients with SO to 28 non-
obese controls and the former were found to be significantly less symptomatic (14% vs. 96%) and to have 
decreased esophageal sensitivity (57% vs. 14%) when acid was instilled in the esophagus during APM[48]. 
Dysfunction of the autonomic nervous system characterized by the progressive decrease in sympathetic and 
parasympathetic activity has been observed in patients with SO, which could account for an altered 
esophageal sensitivity in these patients[52].

The high incidence of s-GERD in patients with SO undergoing SG significantly increases the risk of 
experiencing GERD symptoms in their postoperative course. Borbély et al. reported a 25% occurrence of 
s-GERD (asymptomatic patients with endoscopic evidence of EE with a Los Angeles (LA) classification of 
grade ≥ B and/or AET > 6% at APM) in 222 patients before SG. In this group of patients, postoperative 
GERD symptoms reached 66%, whereas the overall rate of postoperative GERD symptoms was 52%. In 
patients without preoperative GERD, this rate fell to 42%[47]. These outcomes are consistent with those of the 
study by Soliman et al., who investigated 160 patients with GERD symptoms, APM, and HRM before and 
12 months after SG. They excluded from the study all the patients with severe GERD, defined by severe 
esophagitis (grade C and D of the LA classification or grade B without healing after PPIs for six weeks) or 
PPI dependency (inability to stop treatment for more than one day)[53]. They found that the overall 
incidence of GERD did not change significantly before and after SG (32.5% vs. 36.3%) and that half of the 
patients with preoperative GERD symptoms reported an improvement in the symptoms after surgery. In 
contrast, 29.6% of patients without preoperative reflux symptoms developed de novo GERD after SG, with a 
significant prevalence of those with preoperative positive APM (s-GERD) as compared to negative APM 
(47.6% vs. 25.3%). Similarly, the rate of PPI use increased significantly in patients without preoperative 
GERD symptoms compared to symptomatic patients. The authors reported that the presence of reflux 
symptoms before surgery is predictive of the development or persistence of postoperative GERD symptoms, 
whereas in patients without preoperative reflux symptoms, pathological APM outcomes are predictive of 
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GERD occurrence after SG[53].

Abnormal manometric parameters are also frequent in patients with SO undergoing SG. Kristo et al. 
performed UGI endoscopy, APM, and HRM in 177 asymptomatic patients undergoing bariatric surgery. 
They reported a structural defective LES in 36.2% of patients and a motility disorder in 35.6% of patients. 
Moreover, the authors calculated that, according to the Lyon Consensus criteria, 31.1% of the study cohort 
had a conclusive GERD diagnosis, whereas another 44.1% had borderline GERD. This resulted in 75.2% of 
asymptomatic individuals with SO being affected by some form of GERD before bariatric surgery[54].

To date, there is no evidence supporting the use of HRM before bariatric surgery as a predictive factor of 
postoperative GERD development or worsening. Soliman et al. reported that no manometric outcomes 
were correlated with postoperative GERD symptoms[53]. Similarly, other studies have failed to demonstrate a 
correlation between preoperative manometric findings and the occurrence of postoperative GERD 
symptoms[44,55,56].

One possible explanation lies with the profound anatomical modifications entailed by the SG, which 
changes the stomach from a low to a high-pressure system. The increase of the intraluminal pressure 
generates a gastroesophageal pressure gradient that could overcome EGJ competence, even if preserved. 
Consequently, the preoperative evidence of normal EGJ function may not predict the beneficial impact of 
SG on GERD reliably[56]. Moreover, it has been shown that the surgical manipulation of the crural area 
during SG may impair EGJ competence[14]. Quero et al. prospectively investigated 23 patients with APM, 
HRM, and magnetic resonance imaging (MRI) before and more than six months after SG. APM and HRM 
showed a significant postoperative worsening of the reflux burden and EGJ competence, respectively[15]. On 
the other hand, the assessment of the EGJ and gastric morphology by MRI pointed out a significant increase 
of the His angle’s degree after SG. The authors reported that these changes in the local anatomy were 
significantly correlated either with an increase in esophageal reflux exposure or with the impairment of EGJ 
competence. Moreover, the patients with the largest reduction in gastric volume after SG (≥ 80%) had a 
significant increase in postoperative supine non-acid refluxes and incidence of GERD symptoms[15].

GERD DIAGNOSTIC ALGORITHM IN PATIENTS WITH SO UNDERGOING SG
Considering the huge number of SG performed, the possible detrimental implications on GERD, and the 
high incidence of s-GERD in patients with SO, the preoperative work-up should include a proper evaluation 
of both the reflux burden and the competence of the anti-reflux barrier. The above-mentioned evidence 
suggests that APM and HRM may represent useful diagnostic tools, as they provide relevant information 
that could guide the surgeon’s decision. Obviously, submitting all the patients awaiting SG to both APM 
and HRM or, likewise, the preoperative work-up of patients undergoing ARS, is unrealistic.

In fact, the number of bariatric procedures performed yearly is considerably higher than that of 
fundoplication interventions. In the US, the number of elective anti-reflux procedures performed yearly 
between 2005 and 2010 ranged between 15,819 and 18,780, with a decline of about 50% since the peak of 
32,980 reached in 2000[57,58]. On the other hand, in 2016, 127,318 SGs were performed in the US, according 
to the survey of the International Federation for the Surgery of Obesity and Metabolic Disorders[10]. 
Moreover, the survey reported that the number of SGs performed worldwide in 2016 was 340,550 
(accounting for 53.6% of all bariatric procedures), a steep increase compared to previous surveys[10,59].
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Therefore, preoperative work-up before SG should be tailored on the basis of a diagnostic GERD algorithm 
that includes validated symptom questionnaires, UGI endoscopy, APM, and HRM. This might avoid 
unnecessary, costly, and time-consuming exams and would reduce the rate of misdiagnosed GERD.

This issue was addressed in the First International Consensus Conference on gastroesophageal reflux and 
SG, held in 2019, involving 50 international bariatric experts from 25 countries[11]. Of the consensus panel 
members, 91.9% claimed that UGI endoscopy should be mandatory during the work-up of patients before 
SG, to rule out pathological findings that may change surgical planning. In particular, the experts agreed 
that the appearance of a severe EE (LA classification D) or BE with intestinal metaplasia, represented an 
absolute contraindication to performing SG and that RYGB was the best surgical option in patients with 
these endoscopic findings. There was no consensus among the experts to consider the mandatory use of 
UGI series, APM, and HRM in the preoperative work-up, even in symptomatic candidates with GERD 
symptoms, any degree of EE, or BE[11].

To date, only one study has dealt with the implementation of a GERD diagnostic algorithm before SG. In 
this study, the initial preoperative evaluation consisted of UGI endoscopy and the application of a GERD 
Health-Related QoL (GERD-HRQL) questionnaire. Patients with EE and/or a GERD-HRQL score > 28, 
underwent APM. If the resulting DMS was > 14.7, LSG with concomitant posterior HH repair (HHR) was 
performed.

It was reported that 84.2% of the patients who underwent the APM had a DMS > 14.7 and were submitted 
to HHR. APM was repeated 12 months after the surgical procedure, showing a significant improvement in 
esophageal acid exposure. Moreover, only 3.3% of patients had a DMS > 14.7. The authors claimed that the 
application of this algorithm allowed a careful selection of high-risk patients for GERD, avoiding 
unnecessary dissection of the diaphragmatic crus[60].

Hereafter, a GERD diagnostic pathway in patients undergoing SG is proposed [Figure 1]. Different degrees 
of suspected GERD have been defined using the validated GERD questionnaires and UGI endoscopy, which 
are considered first-line tests to be performed in all patients awaiting SG. In patients with severe EE (LA 
grade D) and BE, SG is considered contraindicated[11], whereas, in patients with a strong suspicion of GERD 
(EE grade C), SG with or without HHR should be performed only in selected cases (specific patient’s 
request, contraindication to RYGB). The use of APM is suggested in patients with moderate suspicion of 
GERD without endoscopic evidence of HH. On the contrary, in patients with a strong suspicion of GERD, 
APM is considered redundant as the presence of high-grade EE (LA grade C) is predictive of pathological 
reflux.

The use of HRM to assess the competence of the anti-reflux barrier is suggested in pathological APM or 
patients with a strong suspicion of GERD without endoscopic evidence of HH. When the HRM shows 
anatomical separation between LES and CD (type II or III) and/or the presence of a defective EGJ, the 
exploration of the crural area and, possibly, the HHR is indicated. In patients with confirmed GERD 
diagnosis and/or manometric evidence of esophageal motility disorder, the surgical indications could be 
switched to RYGB. During the First International Consensus Conference on gastroesophageal reflux 
disease, 77.3% of the consensus panel would have considered SG combined with fundoplication (SG-F) as a 
surgical option in patients with SO and GERD symptoms, whereas consensus was not achieved for SG-F in 
patients with higher degrees of GERD such as severe esophagitis (LA grade D) or BE[11]. Therefore, SG-F has 
been included in the algorithm as an alternative to SG.



Page 9 of Soricelli et al. Mini-invasive Surg 2022;6:54 https://dx.doi.org/10.20517/2574-1225.2022.32 12

Figure 1. Preoperative diagnostic algorithm in patients undergoing SG. APM: ambulatory pH monitoring; EE: erosive esophagitis; GERD: 
gastroesophageal reflux disease; HH: hiatal hernia; HHR: hiatal hernia repair; HRM: high-resolution manometry; LA: Los Angeles 
classification; SG: sleeve gastrectomy; SG-F: sleeve gastrectomy combined with fundoplication; RYGB: Roux-en-Y gastric bypass; UGI: 
upper gastrointestinal. aUpper gastrointestinal series is optional. bEffective esophagogastric junction (EGJ); no Lower esophageal 
sphincter-crural diaphragm (LES-CD) disruption (type I): according to the Chicago Classification of esophageal motility disorders, v3.0. 
cIneffective EGJ; LES-CD disruption (type II-III): according to the Chicago Classification of esophageal motility disorders, v3.0. *Selected 
cases only (specific patient’s request, contraindication to RYGB).

The present algorithm has some limitations. First, the diagnosis of symptom-based GERD is less accurate 
than physiology-based GERD diagnosis (defined by objective reflux tests). However, considering the huge 
number of patients undergoing SG, the use of validated GERD questionnaires (rather than informal 
reporting of reflux symptoms) in association with routine UGI endoscopy could be valuable and cost-
effective as a primary step in the diagnostic pathway for GERD before SG. Moreover, the algorithm 
represents an attempt to translate the above-mentioned evidence from literature into daily clinical practice. 
Nevertheless, it has not been tested in a clinical trial and no conclusions concerning its effectiveness can be 
drawn.

CONCLUSIONS
The postoperative development of de novo or worsening of existing GERD is currently the most 
troublesome and controversial issue of SG. The creation of a high-pressure intragastric system and the 
manipulation of the crural area are intrinsic refluxogenic factors of this surgical procedure, and their 
detrimental effects on the anti-reflux barrier can be only partially lightened by following specific technical 
rules (avoiding stenosis or twisting of the gastric tubule, selective dissection of the crural area, and HHR). 
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Moreover, these pathophysiological changes can further worsen pre-existing GERD. For this reason, the 
careful assessment of the reflux burden and the EGJ morphology before SG is essential, particularly in those 
patients with s-GERD. APM and HRM are useful diagnostic tools that can provide valuable evidence to 
guide the surgical strategy. However, the cost-effectiveness ratio of their implementation in the preoperative 
diagnostic algorithm should be assessed in clinical trials involving a larger number of patients.
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