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ABSTRACT 
Introduction Laparoscopic sleeve gastrectomy (LSG) is becoming increasingly popular 

because of its outstanding efficacy and minimal anatomical alterations. However, there are 

concerns about a heightened risk of postoperative gastroesophageal reflux disease (GERD). 

This study was done to assess the role of the new technologies -that is not in the routine 

practice- multichannel intraluminal impedance pHmetry (MII pH) and high-resolution 

impedance manometry (HRIM) in the diagnostic pathway of patients undergoing revisional 

surgery for GERD after LSG. 
Methods This is an observational cross- sectional, monocentric study that was carried out on 

two groups of patients who had undergone LSG for over 6 months. The patients were 

categorized into two groups: one with GERD and the other asymptomatic according to their 

postoperative course; appearance of de novo GERD symptoms impairing quality of life 

(QOL) and needing revisional bariatric surgery. Gastroesophageal functions were evaluated 

using a clinical validated questionnaire, upper endoscopy, barium study, MII pH, and HRIM. 
Results From 1st of November 2022 till the 30th of April 2024, all patients who were admitted 

to the bariatric surgery clinic, Molinette Hospital in Turin and were eligible for the study were 

included. Ten patients entered the study (GERD group) and were compared to a control group 

of 4 patients (asymptomatic group). MII-pH showed a significant difference between the two 

groups in both total number of refluxes and number of acidic refluxes (p-values of 0.045 and 
0.024 respectively). HRIM showed significant difference between the two groups in distal 

contractile integral, peristaltic wave amplitude, and the effectiveness of esophageal peristalsis 

(p-values of 0.004, 0.045, and 0.024 respectively). In the GERD group, there was a significant 

correlation between the intragastric pressure and the degree of GERD observed in endoscopy, 

acid exposure time%, and Demeester score (with p-values of 0.046, 0.006, and 0.009 

respectively). It was also noted in the same group that the bolus transit time was inversely 

correlated with the lower esophageal sphincter relaxation% (p-value 0.045), and it affected 

the QOL significantly (p-value 0.049). 
Conclusions This study examines common findings from HRIM and MII pH after LSG, 

noting increased intragastric pressure and frequent reflux episodes mainly linked to GERD 

symptoms caused by ineffective esophageal motility. These advanced diagnostic tools are 

crucial for ongoing assessment when conventional methods like endoscopy or barium studies 

fall short. Larger studies with longer follow-up, including pre-LSG and revisional surgery 

data, are needed to enhance understanding. 
Keywords Sleeve gastrectomy; Gastroesophageal reflux disease; High resolution impedance 

manometry; Multichannel intraluminal impedance pHmetry 
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Chapter I: Anatomy and physiology of the esophago-gastric tract 

The Esophagus 

The adult esophagus typically measures about 20 cm in length, with a range of 18 to 22 
cm. Starting from the incisors, the esophageal body begins at approximately 18 to 20 cm, 
marking the lower boundary of the upper esophageal sphincter (UES), and extends to around 
40 cm, with a range spanning from 26 to 50 cm. In women, the esophagus is generally 
shorter, usually ending at about 37 cm from the incisors, within a range of 22 to 41 cm. The 
final 2 to 4 cm of the esophagus typically forms the lower esophageal sphincter (LES).(1) 

The esophageal wall, like other parts of the gastrointestinal tract, is composed of 
mucosa, submucosa, and muscularis propria layers. However, it differs from the rest of the 
gut in that it lacks a true serosal outer layer and is instead enveloped by a thin, poorly defined 
layer of connective tissue. The esophageal mucosa typically consists of stratified squamous 
epithelium, except at the LES, where it transitions to gastric columnar epithelium. The 
esophagus has fewer glands, and a more limited secretory function compared to the rest of the 
gastrointestinal tract. Its muscularis propria consists of an inner circular and an outer 
longitudinal muscle layer. Additionally, there is a less prominent layer of longitudinal muscle 
called the muscularis mucosa, situated between the mucosa and the muscularis propria.(1) 

The esophagus is composed of striated muscle in the upper (cervical) portion and smooth 
muscle in the lower (thoracic) portion, with a transitional zone of mixed muscle types in the middle. 
The esophageal musculature is innervated by both parasympathetic and sympathetic nerves, which 
coordinate peristalsis and sphincter function to facilitate swallowing and prevent reflux. The cervical 
esophagus, consisting of the top 2-6 cm, is made up of skeletal muscle innervated by 
parasympathetic nerves from the nucleus ambiguus and retrofacialis of the medulla, with 
acetylcholine as the primary excitatory neurotransmitter. Nitric oxide from myenteric neurons can 
inhibit acetylcholine release. The thoracic esophagus, constituting the lower two-thirds, is comprised 
of smooth muscle and receives innervation from both extrinsic autonomic nerves and the intrinsic 
enteric nervous system. Vagal preganglionic fibers connect with motor neurons in the myenteric 
plexus, while sympathetic innervation is derived from T1-T10 spinal cord segments via splanchnic 
nerves. The esophageal myenteric plexus contains motor, sensory, and interneurons, with 
cholinergic excitatory neurons (substance P+) and nitrergic inhibitory neurons (VIP+, nNOS+). 
Separate vagal preganglionic inputs control the excitatory and inhibitory pathways, with sensory 
afferents facilitating local reflexes and adjusting motor output. Sympathetic input provides minor 
modulatory effects.(1) 
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Figure (1): Anatomy of the esophagus 

Bolus transport in the esophagus primarily relies on gravity to move food downward. 

Swallowing triggers a peristaltic reflex through vagal pathways, initiating primary peristalsis. 

Primary peristalsis is a reflex wave of esophageal contractions linked to swallowing, 

encompassing all phases of the swallowing reflex: the oral phase, pharyngeal peristalsis, UES 

relaxation, esophageal peristalsis, and LES relaxation. These contractions occlude the 

esophageal lumen and progress at approximately 4 cm/sec from the pharynx downward, 

lasting between 2 to 7 seconds. Secondary peristalsis, another reflex, is confined to the 

esophagus and involves esophageal afferents without pharyngeal contractions or UES 

relaxation, typically clearing residual food from the esophagus. Tertiary contractions, unlike 

the previous types, are non-peristaltic and occur simultaneously throughout the esophagus, 

often associated with esophageal disorders. Intrinsic afferents play a crucial role in this 

process by causing contraction above the bolus via cholinergic excitation and relaxation 

below it through nitrergic inhibition.(2) 

The stomach 

The stomach is a large, muscular, hollow organ capable of holding food, divided into 

four main regions: the cardia, fundus, body, and pylorus. Food first enters the stomach 

through the cardia, which is connected to the esophagus. Following the cardia is the fundus, a 

bulbous, dome-shaped portion. The body, the largest part of the stomach, comes next, 

followed by the pylorus, which funnels food into the duodenum, the upper part of the small 
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intestine. Located centrally in the upper abdomen, to the left of the midline, the stomach 

continues the digestion process after food has undergone mastication or chewing.(3) 

The stomach's primary functions are the temporary storage and partial digestion of food, 

both chemically and mechanically. The upper regions of the stomach (cardia, body, and 

fundus) relax to accommodate incoming food, while the lower portion rhythmically contracts 

to break down food and mix it with stomach juices, a process known as chemical digestion. 

Mixing waves, occurring approximately every 20 seconds, intensify as they move toward the 

lower stomach, helping to liquefy the food into chyme. The pyloric sphincter then regulates 

the release of small amounts of chyme into the small intestine, matching the duodenum's 

capacity to process it. Stomach juices, secreted by the fundus, include hydrochloric acid (HCl) 

and the enzyme pepsin, which are crucial for chemical digestion. Additionally, the stomach's 

parietal cells produce intrinsic factor, essential for the absorption of vitamin B12 in the small 

intestine. Vitamin B12 is vital for red blood cell production and neurological function, 

making the intrinsic factor's role in its absorption critical.(3) 

The stomach processes food and typically transfers it to the duodenum within 2 to 4 

hours, although this rate varies based on the type of food consumed. Carbohydrates and 

proteins are digested relatively quickly, while fats such as triglycerides require more time. 

Although the stomach's main role is not nutrient absorption, it can absorb certain substances, 

including water (especially in cases of dehydration) and some water-soluble vitamins. 

Additionally, the stomach's acidic environment can kill many types of bacteria and other 

microorganisms ingested with food, offering protection against infection and disease.(3) 

The stomach is innervated by the autonomic nervous system through both 

parasympathetic and sympathetic nerves. The vagus nerve provides parasympathetic 

innervation via the right posterior and left vagal trunks. Due to the stomach's rotation during 

development, the left vagus nerve is positioned anteriorly, while the right vagus nerve is 

posterior. The right vagus nerve extends to the criminal nerve of Grassi, which innervates the 

cardia and fundus. These trunks travel along the lesser curvature of the stomach, forming the 

anterior and posterior gastric nerves of Latarjet that innervate the body, antrum, and pylorus. 

Sympathetic innervation, which includes some pain fibers, is supplied to the celiac plexus 

from spinal cord segments T6 through T9.(4) 

  



 

13 

The stomach wall is composed of four main layers: the mucosa, submucosa, muscularis 

externa, and serosa. The innermost layer, the mucosa, contains epithelial tissue and gastric 

glands, which secrete gastric juices. The fundus region of the stomach releases these gastric 

juices, while the cardia region secretes protective mucus through mucus cells to coat the inner 

mucosal wall. This mucus safeguards the stomach muscles from being digested by the gastric 

juices produced by chief cells, which secrete pepsin, and parietal cells, which secrete 

hydrochloric acid. The submucosa, made of dense connective tissue, supports the mucosal 

layer and contains blood and lymphatic vessels along with nerves. It also features folds called 

rugae, which allow for the expansion of these layers when food enters the stomach.(3) 

The muscularis externa, located beneath the submucosa in the stomach, consists of three 

distinct layers arranged in different orientations: oblique, longitudinal, and circular. Unique to the 

stomach, the inner oblique layer plays a crucial role in mechanically digesting food through 

churning motions. Positioned concentrically along the stomach's axis, the middle circular layer 

thickens at the pylorus, forming the pyloric sphincter. This sphincter regulates the controlled 

release of stomach contents into the duodenum. Auerbach's (myenteric) plexus, situated between 

the outer longitudinal and middle circular layers, serves as a vital nerve center, coordinating the 

muscular activities of these adjacent layers. The outer longitudinal layer facilitates the propulsion 

of food towards the pylorus through muscular contractions. Finally, the serosa, composed of 

multiple layers of connective tissue, integrates seamlessly with the peritoneum, providing 

structural support and continuity to the stomach's outer surface.(4)  

 

Figure (2): Gastric anatomy 
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The lower esophageal sphincter 

The esophagus contains two important sphincters known as the UES and the LES. 

Positioned at the junction of the pharynx and cervical esophagus, the upper esophageal 

sphincter serves as a high-pressure barrier. It functions to regulate the passage of food and 

prevent reflux back into the throat. At the lower end of the esophagus, where it connects with 

the stomach, lies the LES. This sphincter also maintains high pressure to prevent the backflow 

of stomach contents into the esophagus, thereby protecting it from potential damage caused 

by gastric acids and enzymes.(5) 

The LES comprises intrinsic and extrinsic components. The intrinsic part includes 

esophageal muscle fibers and is regulated by neurohormones. It controls the passage between 

the esophagus and stomach. The extrinsic component involves the diaphragmatic crura and 

the phreno-esophageal ligament, which offer structural support to the LES. This support helps 

prevent gastric reflux by maintaining the sphincter's integrity and function.(5)  

 

Figure (3): Different components of lower esophageal sphincter 
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The LES comprises two intrinsic components: clasp fibers and sling fibers, each playing 

distinct roles in maintaining sphincter function. Clasp fibers, characterized by their 

semicircular "C-shaped" smooth muscle arrangement on the right side of the LES, maintain a 

robust myogenic tone independent of cholinergic stimulation. They are primarily influenced 

by inhibitory neurons in the esophageal body and utilize L-type calcium channels for 

regulation. In contrast, sling fibers, found on the left side, exhibit a weaker baseline tone but 

contract vigorously in response to cholinergic agonists, primarily under the influence of 

excitatory neurons from the stomach. These fibers contribute significantly to the asymmetry 

of LES pressure and play crucial roles in maintaining the angle of His and the flap valve 

function, both critical in preventing reflux.(6) 

The LES includes essential extrinsic components that are vital for its proper function. 

One such component is the crural diaphragm, commonly referred to as the external sphincter 

of the LES. This diaphragm plays a critical role in increasing pressure at the distal esophagus, 

especially during inspiration when intrathoracic pressure decreases or when intraabdominal 

pressure rises, both of which can lead to gastric reflux. Another important extrinsic element is 

the phreno-esophageal ligament, which extends from the inferior diaphragmatic fascia. This 

ligament acts as a protective sleeve around the intraabdominal esophagus. Its upper limb 

connects the distal esophagus to the superior aspect of the diaphragm, while the lower limb 

connects the stomach's cardia to the diaphragm's inferior aspect. This dual connection allows 

for the independent movement of the esophagus and diaphragm, providing protection against 

gastric reflux and hiatal hernia.(6) 

Cellular level 

The LES is primarily composed of smooth muscles that maintain a tight contraction to 

prevent the backflow of stomach contents into the esophagus. When food needs to pass 

through, inhibitory signals prompt the relaxation of these smooth muscles, allowing the 

sphincter to open. Unlike other muscles with dilator functions, the LES relies solely on the 

relaxation of its smooth muscle component for opening. At the cellular level, this relaxation is 

facilitated by mechanisms such as the suppression of chloride conductance initiated by nitric 

oxide (NO) or activation of potassium conductance, which causes hyperpolarization of the 

smooth muscle cells. These actions result in the inhibition of calcium influx, leading to the 

dephosphorylation of myosin and subsequent muscle relaxation, thereby facilitating the 

passage of food through the LES.(7) 
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Studies have demonstrated that cyclic adenosine monophosphate (cAMP) and cyclic 

guanine monophosphate (cGMP) play crucial roles in facilitating LES relaxation through the 

activation of protein kinases A and G, respectively. Unlike membrane hyperpolarization, 

these signaling molecules induce smooth muscle relaxation. Protein kinases A and G are 

instrumental in reducing free intracellular calcium levels by sequestering it within the 

endoplasmic reticulum. Both vasoactive intestinal polypeptide (VIP) and nitric oxide (NO) 

contribute to increasing intracellular levels of cAMP and cGMP. Importantly, physiological 

stimuli that induce LES relaxation predominantly elevate intracellular cGMP rather than 

cAMP, underscoring nitric oxide as the primary non-adrenergic non-cholinergic (NANC) 

inhibitory neurotransmitter in LES smooth muscle regulation.(7) 

The pressure in the LES is determined by three factors: the myogenic tone of the 

smooth muscles, the activity of inhibitory nitrergic nerves, and the function of excitatory 

cholinergic nerves.(8) 

The myogenic tone of smooth muscle within the LES is an inherent characteristic that 

contributes to its continuous contraction. This tonic state is primarily influenced by excitatory 

cholinergic nerves, which release acetylcholine (ACh) to stimulate smooth muscle 

contraction, thereby reinforcing the LES's myogenic nature. Conversely, the nitrergic pathway 

acts oppositely by releasing nitric oxide (NO), which promotes relaxation, counteracting the 

LES's contractile tendencies. Despite these opposing influences, the combined effect 

predominantly maintains the LES in a contracted state, even in the absence of neural input. 

This underscores the significant role of intrinsic myogenic mechanisms in regulating LES 

tone and function.(8) 

Function 

The LES primarily functions to protect the esophagus from the highly acidic secretions 

of the stomach. Throughout most of the esophagus, its mucosal lining lacks sufficient 

resistance against these digestive fluids over prolonged periods. Normally, the LES remains 

tightly contracted, maintaining an internal pressure of approximately 30 mmHg. When a 

person swallows, a peristaltic wave moves down the esophagus, triggering a receptive 

relaxation of the LES just ahead of the peristalsis. This relaxation facilitates the smooth 

passage of the swallowed bolus into the stomach, ensuring effective propulsion without 

obstruction.(5) 
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The proper function of the LES relies on two primary mechanisms: myogenic and 

neural control. Myogenic control refers to the inherent rhythm of contraction and relaxation 

within the smooth muscles of the gastrointestinal tract. On the other hand, neural control is 

regulated by the autonomic nervous system and the enteric nervous system. Together, these 

mechanisms ensure the effective operation of the LES.(5) 

The LES maintains a tonic contraction, generating an average pressure of 15 to 30 

mmHg. Upon swallowing, peristalsis initiates inhibitory signals that trigger a reflex relaxation 

of the LES for about 5 seconds, permitting the bolus to pass into the stomach. Concurrently, 

the diaphragmatic crura also relax. Following the bolus's passage, the LES and crura resume 

their baseline contracted state.(5) 

Transient lower esophageal sphincter relaxation (TLESR) is a physiological relaxation 
of the LES that occurs independently of the swallowing process. It is thought to be initiated 
by the distention of the stomach, leading to the relaxation of both the LES and the 
diaphragmatic crura. This relaxation allows the release of excess gas. Following this process, 
primary peristaltic waves move distally to return any refluxed liquid back into the stomach.(9)  

Mechanism 

There are four mechanisms that cause the relaxation of the LES: stimulation of the 

vagus nerve, swallowing, gastric distention, and spontaneous TLESR.(5) 

- Both sympathetic fibers, particularly those from the splanchnic nerves, and 
parasympathetic fibers from the vagus nerve innervate the LES. The vagal pathway 
plays a crucial role in triggering the reflexive relaxation of the LES. Sensory nerves 
from the LES and distal esophagus transmit signals to the nucleus tractus solitarius in 
the hindbrain via vagal afferents. Efferent nerves originating from the dorsal motor 
nucleus of the vagus nerve connect with the myenteric plexus within the enteric nervous 
system, facilitating coordinated responses in gastrointestinal function.(5)  

- Proper transport of ingested contents into the stomach relies on the relaxation of the 
LES and diaphragmatic sphincter. This relaxation is initiated by two main stimuli: 
swallowing and distention of the esophagus. Swallowing triggers LES relaxation 
through the release of VIP and NO, beginning within 2 seconds of initiation and lasting 
approximately 6 to 10 seconds. This relaxation ceases when peristaltic esophageal 
contractions reach the LES, followed by an after-contraction that can persist for up to 10 
seconds. Notably, the after-contraction occurs primarily in the upper portion of the LES, 
while pressure in the lower LES returns to its resting level of 15 to 30 mmHg.(5)  
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When a person is upright, a swallowed bolus can quickly descend towards the LES due 

to the force of gravity. Here, it may pause briefly before progressing into the stomach. The 

LES, which normally maintains a pressure close to the intragastric pressure (around 3.0 

mmHg), needs to relax sufficiently to permit the bolus to pass through into the stomach. This 

relaxation is crucial because the LES must not only ease its pressure but also open adequately 

to facilitate the bolus's movement from the esophagus into the stomach.(5) 

Understanding the distinction between LES opening and relaxation is crucial in 

manometry, where relaxation measurements focus on LES behavior rather than its opening 

function. When the intraluminal diameter of the LES exceeds the catheter size during 

manometry, it registers complete relaxation. However, for food to pass through, the LES must 

actively open to accommodate the bolus diameter, typically requiring a 13 mm opening under 

normal conditions. LES relaxation involves active processes mediated by neurotransmitters, 

while opening relies on the LES's passive properties to facilitate bolus passage into the 

stomach.(5)  

-  Gastric distention, whether caused by air or food contents, triggers TLESR. This 

process occurs because of a vasovagal reflex initiated by the stomach's distention. 

TLESR serves as a protective mechanism, preventing the accumulation of excess gas in 

the stomach from entering the duodenum.(9)  

-  Transient Lower Esophageal Sphincter Relaxation (TLESR) is the spontaneous 

relaxation of the LES that occurs independently of swallowing. Swallow-induced 

relaxation of the LES facilitates the normal forward movement of food, while TLESR, 

induced by gastric distention, allows for the backward flow of stomach contents into the 

esophagus. This mechanism underlies common activities like vomiting and belching, as 

well as the physiological reflux observed in both healthy individuals and those with 

GERD. TLESR is widely recognized as the primary physiological mechanism 

contributing to GERD, where the relaxed LES fails to prevent the reflux of acidic 

gastric contents into the esophagus, causing symptoms and potential complications.(9)  

Motilin is a neurohumoral substance released into the bloodstream from specialized cells 

found in the intestinal wall. Its role includes inducing rhythmic contractions of the LES. 

Furthermore, it triggers periodic contractions in the upper part of the LES subsequent to 

relaxation caused by swallowing or distension of the esophagus.(5)  
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Chapter II: Gastroesophageal reflux disease (GERD) 

Definition 

According to Montreal consensus,(10) it is a chronic gastrointestinal condition marked by 

the reflux of stomach contents into the esophagus, this disorder ranks among the most 

frequently diagnosed digestive ailments in the United States, affecting approximately 20% of 

the population. Its prevalence contributes significantly to economic burdens, encompassing 

both direct and indirect costs, while also substantially diminishing quality of life for those 

affected.(11) 

GERD is caused by various mechanisms that can be intrinsic, structural, or a 

combination of both. These mechanisms disrupt the esophagogastric junction barrier, leading 

to the exposure of the esophagus to acidic gastric contents.(11)  

It typically presents with clinical symptoms of heartburn and regurgitation. However, it 

can also manifest in atypical ways, displaying extra-esophageal symptoms such as chest pain, 

dental erosions, chronic cough, laryngitis, or asthma.(12) 

GERD presents with three distinct phenotypes distinguished by endoscopic and 

histopathologic findings: non-erosive reflux disease (NERD), erosive esophagitis (EE), and 

Barrett esophagus (BE). NERD represents the most prevalent phenotype, affecting 

approximately 60-70% of GERD patients. Erosive esophagitis follows, observed in about 

30% of cases, while Barrett esophagus occurs in 6-12% of individuals diagnosed with 

GERD.(12) 

Over the years, the primary methods for managing GERD have been lifestyle 

modifications and the use of proton pump inhibitors (PPIs). However, there is a growing 

prevalence of medically refractory GERD, which necessitates a more personalized approach 

to its management.(12) 

Etiology 

Currently, the exact cause of GERD remains unknown. However, various risk factors 

have been identified that contribute to its development. Motor abnormalities play a significant 

role in the pathogenesis of GERD. These include conditions such as esophageal dysmotility, 

which hinders the effective clearance of acid from the esophagus, and impairment of the LES 
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tone. Additionally, transient relaxation of the LES and delayed gastric emptying are also 

implicated in the onset of GERD.(13)  

Certain anatomical factors, such as the presence of a hiatal hernia or increased intra-

abdominal pressure often seen in obese individuals, are closely linked to a heightened risk of 

developing conditions like GERD, erosive esophagitis, and esophageal carcinoma. Alongside 

these, various demographic and lifestyle factors have also been identified as independent 

contributors to the onset of GERD symptoms. These include age above 50, lower 

socioeconomic status, tobacco or excessive alcohol consumption, connective tissue disorders, 

pregnancy, postprandial supination, and using certain classes of medications. These 

medications encompass anticholinergics, benzodiazepines, NSAIDs or aspirin, nitroglycerin, 

albuterol, calcium channel blockers, antidepressants, and glucagon. These factors collectively 

contribute to an increased susceptibility to gastrointestinal reflux and associated 

complications.(13) 

Epidemiology 

Gastroesophageal reflux disease stands out as a prevalent gastrointestinal disorder in 

Western societies, affecting around 20% of adults. Yet, its actual prevalence might be 

underestimated due to widespread availability of over-the-counter acid-reducing medications. 

Notably, GERD appears slightly more common in men than in women.(12)  

Pathophysiology 

The pathophysiology of GERD is complex, stemming from multiple factors that 

collectively contribute to its manifestation. Key among these factors are the regulation of the 

lower esophageal sphincter's tone, the potential occurrence of a hiatal hernia, the effectiveness 

of esophageal mucosal defenses against refluxed substances, and the coordination of 

esophageal motility. These elements interact in varying degrees across individuals, 

influencing the severity and symptoms of GERD.(12) 

- LES tone and TLESRs  

The LES is a muscular band approximately 3-4 cm in length, situated at the junction 

where the esophagus meets the stomach (esophagogastric junction or EGJ). Together with the 

crural diaphragm, it serves as the primary barrier at the EGJ, crucial for preventing acidic 

gastric contents from refluxing back into the esophagus. In healthy individuals, the LES 



 

21 

maintains a constant state of tonicity, creating a high-pressure zone that exceeds intragastric 

pressures. During meals, the LES undergoes transient relaxation, a normal physiological 

response that allows food to pass smoothly into the stomach.(9)  

Patients experiencing symptoms of GERD often exhibit frequent transient LES 

relaxations (TLESRs) that occur independently of swallowing, causing intragastric pressures 

to exceed the resistance offered by the LES. This allows gastric contents to reflux into the 

esophagus. While the precise mechanism behind the heightened occurrence of these transient 

relaxations remains unclear, TLESRs are implicated in a significant portion, ranging from 

48% to 73% of GERD cases. Various factors influence LES tone and the frequency of 

TLESRs, including alcohol consumption, smoking, caffeine intake, pregnancy, and the use of 

certain medications such as nitrates and calcium channel blockers.(9) 

- Hiatal hernia 

Hiatal hernia is often linked with GERD and can occur without causing noticeable 

symptoms. However, its presence significantly influences how GERD develops by affecting 

the function of the LES. Individuals with large hiatal hernias tend to have a shorter and 

weaker LES, which leads to more frequent episodes of reflux. Moreover, studies indicate that 

patients with larger hernias experience more severe esophagitis compared to those without, 

highlighting the hernia's role in exacerbating GERD symptoms.(11) 

- Impaired esophageal mucosal defense against the gastric refluxate 

The lining of the esophagus includes various structural and functional components 

essential for shielding against substances encountered during GERD. This defensive barrier 

can be compromised by prolonged exposure to refluxed materials, which comprise acidic 

gastric contents such as hydrochloric acid and pepsin, as well as alkaline duodenal contents 

like pancreatic enzymes and bile salts. This exposure often results in mucosal damage. The 

impact of gastroparesis on GERD remains unclear, though it is theorized that delayed gastric 

emptying exacerbates GERD symptoms by causing gastric distension and prolonged exposure 

to gastric refluxed materials.(11) 
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- Defective esophageal peristalsis 

In individuals suffering from GERD, the acidic contents of the stomach, when they 

move up into the esophagus, are typically cleared through regular esophageal peristalsis and 

neutralized by bicarbonate found in saliva. However, patients with GERD often experience 

impaired esophageal peristalsis, which diminishes the ability to effectively remove gastric 

reflux. This impairment exacerbates reflux symptoms and contributes to significant damage to 

the esophageal lining.(11) 

Evaluation 

- Proton pump inhibitors (PPIs) trial 

GERD can often be diagnosed based on typical symptoms such as heartburn and 
regurgitation in patients who do not exhibit alarming symptoms such as dysphagia, 
odynophagia, anemia, weight loss, or hematemesis. In such cases, initiating treatment with 
proton pump inhibitors (PPIs) without additional investigations is recommended. 
Improvement in symptoms following PPIs therapy can serve to confirm the diagnosis of 
GERD, allowing for effective management without the need for further diagnostic 
procedures.(13) 

- Esophagogastroduodenoscopy (EGD) 

Patients experiencing typical symptoms of GERD along with any alarming symptoms 
should undergo an EGD to assess for potential complications (erosive esophagitis, Barrett's 
esophagus, esophageal stricture, and esophageal adenocarcinoma, as well as to rule out peptic 
ulcer disease).(13) 

- Radiographic studies 

Radiographic examinations such as barium radiographs are effective in identifying 
conditions like moderate to severe esophagitis, esophageal strictures, hiatal hernia, and 
tumors. However, their utility in diagnosing GERD is restricted.(13) 

- Manometry 

Manometry plays a crucial role in diagnosing GERD, offering insights beyond conventional 
tests with its detailed High-Resolution Manometry (HRM). It provides comprehensive 
information on esophageal motility and the morphology and function of the esophagogastric 
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junction (EGJ), all significant in understanding GERD's pathophysiology. Additionally, it aids in 
pinpointing the LES location for precise placement of pH-impedance probes.(14) 

- Ambulatory esophageal reflux monitoring 

Medically refractory GERD is becoming more prevalent, with many patients showing 

no abnormalities during endoscopic evaluation due to the high efficacy of proton pump 

inhibitors (PPIs) in healing reflux-induced esophagitis. Ambulatory esophageal reflux 

monitoring serves to evaluate the relationship between symptoms and abnormal acid 

exposure. This monitoring is recommended for patients with GERD that does not respond to 

medical treatment and for those experiencing extraesophageal symptoms suggestive of 

GERD.(13) 

Ambulatory reflux monitoring, whether through pH testing alone or in combination 

with impedance, utilizes a transnasal catheter to detect pathological acid exposure, frequency 

of reflux episodes, and the correlation between symptoms and reflux events. It stands as the 

sole available test capable of identifying these crucial factors. According to current practice 

guidelines, preoperative ambulatory pH monitoring is essential for patients lacking signs of 

erosive esophagitis.(13) 

Complications 

- Erosive Esophagitis (EE) 

Esophagitis, known as EE, manifests through erosions or ulcers in the esophageal 

lining. Symptoms can range from absent to worsening GERD symptoms in affected 

individuals. The severity of esophagitis is assessed through endoscopic examinations using 

grading systems like Los Angeles and Savary-Miller classifications. These systems evaluate 

various aspects such as the extent, location, and severity of mucosal breaks along the 

esophagus.(12) 

- Esophageal Strictures 

Repeated exposure of the lower esophagus to acidic substances can cause chronic 

irritation, resulting in the development of scar tissue. This scarring can lead to the formation 

of a peptic stricture, a condition where the esophageal passage narrows. Patients experiencing 

this complication may exhibit symptoms such as difficulty swallowing (esophageal 

dysphagia) or episodes of food becoming lodged in the esophagus (food impaction).(12) 
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- Barrett Esophagus 

This condition arises due to persistent pathological acid exposure affecting the lower 

esophageal mucosa. Over time, this exposure causes a transformation in the histopathology of 

the distal esophagus. Normally lined with stratified squamous epithelium, the mucosa 

undergoes a change to metaplastic columnar epithelium as a result of chronic acid 

irritation.(12) 

Barrett's esophagus predominantly affects Caucasian men over the age of 50, often 

correlating with factors such as obesity and a history of smoking. This condition poses an 

increased risk for developing esophageal adenocarcinoma. Current medical recommendations 

advocate regular surveillance endoscopy for individuals diagnosed with Barrett's esophagus to 

monitor for any signs of cancerous transformation.(12) 

Treatment 

The treatment of GERD involves a combination of lifestyle modifications and 

pharmacological or surgical interventions, depending on the severity of symptoms and the 

individual patient's response to treatment. 

Lifestyle modifications for managing GERD include focusing on weight loss, altering 

dietary habits such as avoiding trigger foods (like fatty or acidic items), consuming smaller 

meals, and avoiding lying down immediately after eating. Elevating the head of the bed can 

also help reduce symptoms.(15) 

Pharmacological treatments involve the use of antacids (like calcium carbonate or 

magnesium hydroxide) for symptom relief, H2-receptor antagonists (such as ranitidine or 

famotidine) to reduce acid production, and proton pump inhibitors (like omeprazole or 

esomeprazole) for more effective and long-lasting acid reduction.(15) 

Endoscopic treatments like radiofrequency ablation (RFA), injection of bulking agents, 

and transoral incisionless fundoplication (TIF) offer minimally invasive options to improve 

LES function and decrease reflux episodes.(15) 

Surgical interventions such as fundoplication (Nissen or Toupet procedures) and 

magnetic sphincter augmentation (LINX) are considered for more severe cases to strengthen 

the LES and prevent reflux while preserving normal swallowing function.(15) 
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Chapter III: Obesity and GERD 

Obesity has become a global epidemic, with recent data indicating a rising prevalence 

among adults and children alike. This trend is observable across both developed and 

developing nations. However, developed countries generally exhibit higher rates of obesity 

across all age groups compared to their developing counterparts. Interestingly, in developed 

nations, men tend to be more frequently categorized as overweight or obese than women, 

whereas the opposite trend is observed in developing countries.(16) 

Across the globe, over 1 billion adults are classified as overweight, with at least 300 

million falling into the obese category. In 2014, nearly 40% of adults in the United States 

were considered obese, equating to approximately 93.3 million individuals. Moreover, nearly 

5% of the population fell into the category of extreme obesity, characterized by a body mass 

index (BMI) of 40 or higher.(17)  

 

Figure (4): Body mass index in normal and in different grades of obesity 

Obesity significantly increases the chances of developing multiple severe health 

conditions, including type 2 diabetes, cancer, hypertension, hyperlipidemia, obstructive sleep 

apnea, heart disease, and a heightened risk of stroke. Additionally, it predisposes individuals 

to GERD, osteoarthritis, and non-alcoholic steatohepatitis. Heart disease emerges as the 

leading cause of death among those with severe obesity (BMI 40.0-59.9 kg/m2), followed by 

cancer and diabetes. Studies indicate a startling 2.57-fold higher mortality risk in individuals 

with a BMI in this range compared to those with a BMI of 18.5 to 24.9 kg/m2, resulting in an 

average reduced lifespan of 6.5 to 13.7 years.(18) 
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Obesity imposes significant financial burdens on healthcare systems globally, with 

associated costs far exceeding those for individuals of average weight. Research indicates that 

healthcare costs rise by 36% annually and medication expenses by 77% among obese 

individuals compared to their normal-weight counterparts. Specifically, obese patients incur 

an additional 600 dollars per year in healthcare expenses. In the United Kingdom, the 

National Health Service projects that managing obesity-related diseases costs 5 billion pounds 

annually, a figure expected to double to 10 billion pounds by 2050. These escalating costs 

underscore the pressing need for effective strategies to address and mitigate the economic 

impact of obesity on healthcare systems.(19) 

Treatment options for obesity encompass both nonoperative management and bariatric 
surgery. Nonoperative approaches involve a combination of strategies such as dietary 
adjustments, increased physical activity, behavioral changes, and the use of medications. 
However, these methods have shown limited efficacy in achieving substantial and sustained 
weight loss. Studies indicate that conventional dietary and exercise interventions yield modest 
outcomes, with average weight loss typically around 4%.(20) 

Researchers have observed that bariatric surgeries, which encompass malabsorptive, 
restrictive, or combined approaches, offer significant benefits. Among the most favored 
procedures today are the Roux-en-Y gastric bypass and sleeve gastrectomy. Comparatively, 
individuals undergoing these surgeries tend to experience greater weight loss, higher rates of 
type 2 diabetes remission, reduced plasma triglyceride levels, enhanced quality of life, and 
decreased reliance on medications.(21) 

Morbid Obesity and GERD 

Obese individuals exhibit a higher prevalence of physiological abnormalities that can 
result in prolonged exposure of the esophagus to acid compared to those of normal weight. 
These disturbances are often observed more frequently in severely obese individuals, 
particularly before undergoing bariatric surgery, and may not be as prevalent in individuals 
with lesser degrees of obesity.(22)  

Manometric abnormalities are frequently observed in morbidly obese individuals, 
encompassing changes such as altered basal pressure in the LES, impaired LES relaxation, 
and various esophageal motility disorders including ineffective esophageal motility, 
hypercontractile esophagus, and distal esophageal spasm. Interestingly, despite these findings, 
many patients remain asymptomatic, suggesting that these abnormalities could either be 
incidental or indicative of altered visceral sensation in morbidly obese individuals.(22) 
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A lower esophageal sphincter (LES) with hypotension, characterized by a basal pressure 

below 10 mmHg, significantly increases the susceptibility to GERD. Research investigating 

the correlation between LES pressure and body mass index (BMI) has revealed a compelling 

inverse association. Authors of these studies have consistently noted that as BMI increases, 

LES pressure tends to decrease.(23) 

Transient relaxations of the lower esophageal sphincter (TLESR) occur more frequently 

in individuals who are obese, according to observed trends. Gastric distension, especially in 

the fundus, serves as the primary trigger for TLESR episodes. Furthermore, both total distal 

esophageal acid exposure and the proportion of TLESR instances accompanied by acid reflux 

were found to be higher among obese and overweight patients compared to their non-obese 

counterparts.(9) 

Obesity is closely linked to the presence of a hiatal hernia, with around half of obese 

individuals affected by this condition. Moreover, those with a hiatal hernia are at a higher risk 

of developing esophagitis compared to those without. This increased risk is attributed to the 

pressure gradient present along the esophagogastric junction in obese patients, which 

facilitates the formation of a hiatal hernia.(23) 

Abdominal obesity can lead to heightened intra-abdominal pressure as a result of the 

gravitational force exerted by excess adipose tissue on the abdominal cavity.(23) 

Gastric volume and motor function irregularities are suggested as additional 

mechanisms contributing to GERD in obese individuals. Research indicates that obese 

subjects tend to have a larger capacity for gastric contents compared to lean individuals, 

which potentially exacerbates GERD symptoms. Furthermore, it is hypothesized that delayed 

gastric emptying in obese individuals may occur due to neuronal or humoral factors, further 

complicating the digestion process and potentially contributing to the development of 

GERD.(23) 
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Chapter IV: Bariatric surgery 

Surgical intervention remains the sole evidence-based method for achieving significant 

and enduring weight loss in patients diagnosed with morbid obesity, classified as obesity class 

II or III. Utilizing a minimally invasive surgical approach has demonstrated notable 

advantages by substantially decreasing perioperative complications such as reduced blood 

loss, shorter hospital stays, and fewer wound-related issues.(24) 

Bariatric surgical procedures are categorized into three types based on their mechanisms 

for weight loss. The first type, malabsorptive procedures, achieve weight reduction by 

disrupting the digestion and absorption of calories. Restrictive procedures, the second type, 

promote weight loss by limiting the number of calories a person can consume. The third 

category, mixed procedures, utilize both malabsorptive and restrictive approaches to achieve 

weight loss. While numerous procedures have been developed over time, many have become 

outdated, with the Laparoscopic Sleeve Gastrectomy (LSG) and Laparoscopic Roux-en-Y 

Gastric Bypass (LRYGB) emerging as the most commonly performed procedures in modern 

practice.(24) 

Sleeve gastrectomy  

Sleeve gastrectomy (SG) has emerged as a leading surgical choice for weight loss, 

experiencing a notable surge in popularity. In the United States, it has surpassed both 

adjustable gastric band (AGB) and Roux-en-Y gastric bypass (RYGB) surgeries combined, 

becoming the most frequently performed bariatric procedure. Out of 228,000 bariatric 

surgeries conducted in 2017, 59% were sleeve gastrectomies.(25) 

This method has rapidly gained attention in surgical circles due to its avoidance of 

gastrointestinal anastomosis or intestinal bypass, distinguishing it as less complex compared 

to LRYGB. Unlike LAGB, which involves implanting a device around the stomach, LSG also 

sidesteps this requirement, contributing to its appeal.(25) 

The first LSG was initially introduced in 1990 as part of a two-stage procedure for 

biliopancreatic diversion with duodenal switch (BPD-DS). Its primary purpose was to assist 

patients with super obesity (BMI>60) in achieving weight loss substantial enough to safely 

undergo the second stage of BPD-DS. Over time, however, clinicians observed that LSG 

alone resulted in significant reductions in excess body weight. By 2008, this observation led 
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to the formal publication of expanded indications for LSG, recognizing its effectiveness as a 

standalone procedure for weight reduction.(25) 

Laparoscopic sleeve gastrectomy is a surgical method used in bariatric procedures 

where a significant portion of the stomach, approximately 80%, is removed. This technique 

involves creating a narrow tube-shaped stomach along the lesser curvature, preserving the 

pylorus. The resected portions include the fundus, body, and antrum, resulting in a gastric 

remnant with a capacity of about 100 mL. By reducing stomach size, LSG restricts food 

intake and enhances the patient's feeling of fullness by limiting distention. This effect is 

bolstered by the intact pylorus, which acts similarly to a natural band, maintaining restriction 

throughout the sleeve gastrectomy procedure.(25) 

 

Figure (5): Laparoscopic sleeve gastrectomy 

After undergoing LSG, patients experience several mechanisms contributing to weight 
loss beyond mere restriction of stomach volume. One significant effect is the reduction in 
ghrelin levels due to the removal of the gastric fundus, where ghrelin is primarily produced. 
With lower ghrelin levels, appetite is reduced, leading to decreased food intake. Additionally, 
LSG alters the levels of gut hormones such as glucagon-like peptide-1 (GLP-1) and peptide 
YY (PYY), which play crucial roles in promoting feelings of fullness and reducing hunger. 
These hormonal changes contribute to a sustained decrease in caloric intake. Moreover, LSG 
induces metabolic changes that enhance energy expenditure and improve insulin sensitivity, 
further supporting weight loss efforts over the long term. Thus, beyond its initial impact on 
stomach size, LSG triggers a cascade of physiological changes that collectively promote 
significant and sustainable weight loss in patients.(26) 
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Roux-en-Y gastric bypass 

Laparoscopic Roux en-Y gastric bypass (LRYGB) is a complex surgical procedure 

known for its challenging technical demands and steep learning curve. It combines both 

restriction and malabsorption mechanisms to aid in weight loss. During the operation, a small 

gastric pouch ranging from 15 to 30 mL is meticulously fashioned along the lesser curvature 

of the stomach near the gastroesophageal junction. Subsequently, a gastrojejunostomy is 

created, featuring a 2.5 cm stoma to facilitate drainage from the pouch. To introduce moderate 

malabsorption and prevent bile reflux, a 100 cm jejunal limb is utilized. This limb can either 

be routed retrocolically through the mesocolon or antecolically anterior to the colon. For 

individuals classified as superobese, enhanced weight loss outcomes have been observed with 

a longer 150 cm Roux limb, known as the long-limb gastric bypass.(27) 

 

Figure (6): Roux en-Y gastric bypass 

After two years following a successful gastric bypass procedure, patients typically 

achieve weight loss ranging from 69% to 82% of their excess body weight (EBW).(27) 

Laparoscopic adjustable gastric banding 

It involves placing an adjustable band around the upper stomach to induce satiety. The 

band reduces appetite by compressing the gastric wall, generating pressure on vagal afferent 

nerve endings in the myenteric plexus, which send signals of satiety to the hypothalamus. The 

band is adjusted to optimize its effect, and patients are advised to eat small, frequent meals 

and avoid snacking. The port is inserted under the skin to allow for adjustments.(28) 
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Figure (7): Laparoscopic adjustable gastric banding 

Vertical Banded Gastroplasty (VBG) 

Involves creating a small gastric pouch by stapling the stomach and placing a non-

adjustable band around it. This restricts the amount of food that can be consumed, promoting 

a feeling of fullness and weight loss.(29) 

 

Figure (8): Vertical band gastroplasty 

Minigastric bypass (MGP)/ One anastomosis gastric bypass (OAGB) 

The stomach is stapled to create a pouch, and a single anastomosis is made between the 

pouch and the small intestine (around 150- 200cm from the duodenojejunal junction). The 

pouch is designed to restrict food intake, while the bypassed section of the small intestine 

reduces nutrient absorption.(30) 
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Figure (9): Minigastric bypass (MGP) or One anastomosis gastric bypass (OAGB) 

Single Anastomosis Sleeve Ileal (SASI) bypass  

Done by creating a sleeve-like structure in the stomach and connecting it to the small 

intestine (250- 300cms from the ileocecal valve). The procedure is designed to promote 

weight loss and improve metabolic health by reducing the amount of food that can be 

consumed and altering the way the body absorbs nutrients.(31) 

 

Figure (10): Single Anastomosis Sleeve Ileal (SASI) bypass 

SADI-S (Single Anastomosis Duodeno-Ileal bypass with Sleeve 

Gastrectomy) 

The procedure involves creating a small gastric sleeve, dividing the sleeve after the 

pylorus, and connecting the first part duodenum to the small intestine (250- 300cms from the 

ileocecal valve).(32) 
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Figure (11):  SADI-S (Single Anastomosis Duodeno-Ileal bypass with Sleeve 

Gastrectomy) 

Biliopancreatic diversion with duodenal switch (BPD-DS) 

The procedure begins with performing sleeve gastrectomy. The duodenum is then 

separated from the sleeve, and a short length of the ileum (150- 200 cm) is brought up and 

attached to it (alimentary limb), with performing an entero- enteric anastomosis (with a 

common channel around 100- 125cm). This creates a bypass of roughly 75% of the small 

intestine, reducing the absorption of calories and nutrients.(33) 

 

Figure (12): Biliopancreatic diversion with duodenal switch (BPD-DS) 
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Chapter V: Pathological sequelae after LSG 

LSG and esophageal motility 

Esophageal dysmotility often occurs following LSG, with its incidence varying 

depending on the surgical technique employed. It can reach rates as high as 60%. Manometric 

studies concerning the esophageal body yield conflicting results. Some researchers report 

hypercontractility in more than half of cases, whereas others observe hypo contractility or 

normal peristalsis and amplitude.(34)  

Secondary achalasia often arises from external compression of the lower esophagus, 

commonly attributed to factors like extrinsic masses. However, there is growing recognition 

of mechanical or functional obstruction resulting from the restrictive nature of LSG in 

bariatric surgery. Achalasia, as diagnosed by the Chicago classification criteria, is 

characterized by typical features such as impaired esophageal motility and elevated pressure 

within the esophagus. Furthermore, a distinct achalasia-like condition termed post-obesity 

surgery esophageal dysfunction (POSED) has been identified, marked by normal integrated 

relaxation pressure (IRP), heightened intragastric pressure (without concurrent elevation in 

intrathoracic pressure), and complete absence of esophageal peristalsis.(34)  

LSG and LES 

Studies have shown that after gastric sleeve surgery, there is a noted decrease in both the 

overall length and intra-abdominal length of the LES. This decrease can be attributed to the 

surgical technique employed during the creation of the gastric sleeve. Specifically, when the 

sleeve is formed, the gastric sling fibers near the angle of His are often cut, particularly if the 

transection line is close to this anatomical landmark. These sling fibers play a crucial role in 

maintaining LES function, and their disruption can lead to compromised LES pressure and length. 

Conversely, other studies have reported a significant increase in both total and intra-abdominal 

LES length postoperatively. In these cases, the surgical technique involves cutting the stomach 

close to the esophagogastric junction (EGJ) and esophagus, which eliminates the contribution of 

gastric sling fibers to LES function. Proponents of this approach argue that the tubularized 

stomach resulting from this technique contributes to the observed increase in LES length.(34) 
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After undergoing sleeve gastrectomy, patients often exhibit varied degrees of 

compromised LES function. Conventional manometry studies following this procedure have 

revealed that the LES can present as hypotonic, hypertonic, or even within normal parameters. 

The hypotonic LES finding may be attributed to several factors, including alterations in local 

anatomy and physiology due to the surgical intervention or a decrease in abdominal pressure 

following weight loss. Additionally, previous research has indicated instances of abnormal 

relaxation of the LES, further complicating the understanding of postoperative LES dynamics 

in sleeve gastrectomy patients.(34) 

LSG and GERD 

Since the introduction of sleeve gastrectomy as an independent bariatric procedure, its 

impact on symptoms of GERD has been a subject of debate. Numerous systematic reviews 

have attempted to address this issue, but they consistently highlight the considerable 

heterogeneity among the studies included. This diversity in study design, patient populations, 

and outcomes measured has complicated efforts to draw definitive conclusions regarding the 

effect of laparoscopic SG on GERD symptoms in patients prior to surgery. (35)  

Following SG, a notable concern that has emerged over the long term is the 

exacerbation or new onset of GERD. Several potential mechanisms have been proposed to 

explain this phenomenon. Firstly, the removal of the gastric fundus, which serves as a 

reservoir, may disrupt normal gastric function. Additionally, transection of the sling muscular 

fibers responsible for the competence of the esophagogastric junction (EGJ) could 

compromise its function. Furthermore, decreased antral pump function and reduced gastric 

volume post-SG may lead to elevated intra-luminal pressure, contributing to reflux. Structural 

changes such as disruption of the angle of His and the development of new hiatal hernias may 

facilitate the migration of the proximal sleeve above the hiatus, further complicating GERD 

symptoms. Another consideration is the formation of a neofundus resulting from excessive 

fundus tissue left intact during stapling, which can alter the sleeve's shape and potentially lead 

to proximal dilatation and neofundus formation, adding to the complexity of post-SG 

outcomes.(36) 

After undergoing SG, several mechanisms potentially contribute to a decrease in 

postoperative GERD symptoms. One significant factor is the reduction in acid production. SG 

involves the removal of the gastric fundus, which houses acid-producing parietal cells. With 

fewer parietal cells, there is a decrease in acid secretion, thereby reducing the gastric refluxate 
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and potentially alleviating GERD symptoms. Additionally, the resection of the gastric fundus 

can lead to accelerated gastric emptying. This faster emptying process helps decrease the 

volume of gastric contents, lowering the likelihood of reflux and improving GERD 

symptoms. Moreover, SG induces weight loss through reduced food intake and changes in gut 

hormones such as ghrelin. Weight loss can decrease intra-abdominal pressure, which is 

beneficial for reducing GERD symptoms postoperatively.(37) 

Standardizing the technique for performing SG has proven pivotal in enhancing surgical 

outcomes and reducing the risk of GERD post-surgery. Key technical considerations include 

assessing and repairing any hiatal hernia, initiating gastric resection approximately 4-6 cm 

from the pylorus, and using bougie catheters with diameters between 36 and 60 Fr. It's 

essential to avoid narrowing at the incisura angularis, prevent twisting of the staple line, and 

carefully resect the gastric fundus to avoid leaving behind large remnants. Maintaining the 

integrity of Helvetius sling fibers is also crucial throughout the procedure.(38) 

Recent advancements in surgical techniques involve incorporating plication, specifically 

cardioplication, during the initial SG procedure. These approaches have demonstrated some 

enhancements in outcomes, although they have primarily been studied in limited case series. 

Further evaluation is necessary to fully understand their efficacy and potential benefits in 

clinical practice.(39) 

Some surgeons have recently begun performing a procedure known as anti-reflux sleeve 

gastrectomy (ARSG), which integrates additional measures to prevent reflux alongside the 

standard sleeve gastrectomy. This approach involves removing periesophageal fat pads, 

repairing hiatal hernias through hiatoplasty, securing the gastric remnant in place with 

plication, and applying cardioplication at the cardia. Initial findings suggest that these added 

anti-reflux procedures do not exacerbate complications or compromise weight loss outcomes 

when compared to traditional sleeve gastrectomy alone. Notably, ARSG has shown promising 

results in reducing symptoms of GERD in patients. However, the current body of evidence 

remains limited, consisting primarily of retrospective studies lacking randomized trials and 

precise objective measures of reflux control.(40) 

GERD's presence before surgery is not viewed as an absolute contraindication for SG.(41) 
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Both the International Federation for the Surgery of Obesity and Metabolic Disorders 

(IFSO) and the American Society for Metabolic and Bariatric Surgery (ASMBS) advocate for 

regular post-operative endoscopic surveillance in individuals who have undergone sleeve 

gastrectomy (SG), regardless of whether they experience symptoms of GERD. They 

recommend scheduling an upper endoscopy within 2-3 years post-surgery to screen any newly 

developed Barrett's esophagus (BE). If the initial screening shows no abnormalities, 

subsequent endoscopies should be conducted every 5 years thereafter. This approach aims to 

detect and manage potential complications early, promoting better long-term outcomes for 

patients undergoing SG.(42) 

According to the 2019 ASMBS guidelines, managing GERD post- SG involves initial 

treatment with PPIs for patients experiencing new or exacerbated symptoms. Only those 

whose symptoms do not improve with medical therapy should undergo further evaluation and 

consider converting to a RYGB. This approach prioritizes conservative management with acid 

suppression before considering surgical intervention, ensuring thorough assessment before 

proceeding with more invasive treatment options.(42) 

LSG and intragastric pressure (IGP) 

Intragastric pressure (IGP) refers to the pressure exerted within the stomach, a critical 

physiological factor in gastrointestinal function. Typically maintained below 7 mm Hg, IGP is 

regulated by the rhythmic contraction and relaxation of stomach muscles, alongside the force 

exerted by stomach contents.(43) 

The gastric fundus is recognized as the most compliant region of the stomach, implying 

that it can expand readily. Consequently, after SG, there may be a reduction in gastric wall 

compliance, potentially leading to heightened intra-gastric pressure. However, it is 

noteworthy that gastric emptying tends to accelerate following gastric sleeve surgery. This 

accelerated emptying may offset the increased pressure within the stomach, resulting in a 

balanced or less pronounced rise in integrated intra-gastric pressure overall.(43) 

LSG and gastric emptying 

Gastric emptying of solid food typically follows a biphasic process. Initially, during the 

lag phase, solid food particles are redistributed from the gastric fundus and gradually broken 

down into smaller particles, typically measuring 1-2 mm. These smaller particles can then 
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pass through the pylorus during the subsequent linear emptying phase. Notably, the emptying 

dynamics of liquids contrast sharply with solids. Ingested liquids are swiftly dispersed 

throughout the stomach, and the emptying process for non-caloric liquids commences almost 

immediately, exhibiting a half-emptying time of approximately 15-20 minutes.(44) 

After undergoing SG, the functionality of the gastric reservoir is notably diminished, 

potentially leading to its complete loss. This is primarily due to the removal of gastric 

receptive relaxation and accommodation, both crucial mechanisms in regulating feelings of 

satiety. Ordinarily, the upper part of the greater curvature houses the gastric pacemaker area, 

responsible for generating a basal rhythm known as the pacesetter potential. This rhythm 

occurs at a frequency of three waves per minute, which also establishes the upper limit for 

gastric contractions.(44)  

In certain instances of SG where the vertical resection begins away from the pylorus, 

the neural innervation of the antrum typically remains largely intact. This preservation helps 

maintain the antrum's contractility, resulting in rapid gastric emptying. This efficiency occurs 

because the stomach's body and fundus are absent, thus avoiding the usual redistribution 

process. Conversely, when the vertical resection starts near the pylorus, some neural 

innervation of the antrum may be compromised. This often leads to a slower gastric emptying 

process observed in many patients undergoing this type of surgery.(45) 

In clinical observations, patients with delayed gastric emptying commonly reported 

symptoms such as nausea, vomiting, and reduced appetite. Conversely, those with rapid 

gastric emptying frequently complained of symptoms resembling dumping syndrome, often 

experiencing headaches and dizziness after consuming meals high in sugar or fat.(45) 
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Chapter VI: Revisional bariatric surgery and pre-operative 

workup 

Among the various bariatric surgeries available, sleeve gastrectomy and Roux-en-Y 

gastric bypass stand out as the most performed procedures today. Despite their popularity, 

there is no universally perfect bariatric surgery, and each procedure carries a risk of failure.(46) 

Obesity, recognized as a chronic and recurring condition, has spurred a significant 

increase in bariatric procedures. In response to complications during initial surgeries or 

inadequate weight loss outcomes, there has been a noticeable rise in demand for revisional 

bariatric surgeries. Recent decades have witnessed a substantial surge in research publications 

dedicated to addressing these challenges and refining the approach to revisional 

procedures.(46) 

Revisional bariatric surgery poses significant technical challenges primarily because of 

the altered anatomy and the presence of adhesions resulting from prior operations. These 

complexities contribute to a higher incidence of postoperative complications.(46) 

The standard laparoscopic approach remains widely utilized in bariatric surgery, yet it 

comes with inherent limitations. These include a reliance on two-dimensional visual feedback, 

which limits the control of the primary surgeon. Additionally, the system can amplify natural 

tremors and restricts the flexibility of instruments used, leading to challenges in 

maneuverability and precision during procedures. Ergonomically, the setup may not fully 

support the comfort and efficiency needed for complex surgical tasks.(47)  

Obesity presents unique challenges during surgical procedures, exacerbated by complex 

anatomical considerations and the inherent technical difficulties associated with revisional 

surgeries. However, the integration of robotic platforms offers promising solutions to these 

issues. By enhancing ergonomics, providing a three-dimensional high-definition view, and 

allowing direct camera control by surgeons, robotic systems improve precision and 

maneuverability. They enable access to multiple quadrants, filter out tremors, and provide 

instruments with seven degrees of freedom, facilitating dissection in confined spaces and 

enabling accurate intra-corporeal suturing. Moreover, the use of endo-wristed instruments 

simplifies complex laparoscopic tasks, further advancing surgical capabilities in challenging 

patient populations.(47) 
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Robotic surgery is increasingly favored in bariatric procedures, marking a notable 

expansion in its application. Numerous articles have scrutinized outcomes between robotic 

and laparoscopic approaches in bariatric surgery. The consensus from much of this research 

indicates that robotic surgery offers a safe alternative, yielding comparable postoperative 

morbidity rates to laparoscopy. However, it typically requires longer operative times and 

incurs higher costs. Nonetheless, certain studies have suggested advantages such as reduced 

incidences of anastomotic leaks, conversions, postoperative bleeding, and strictures associated 

with robotic techniques.(47)  

For LSG the specific revision rate is 28% at 7 years after the primary operation, and the 

commonest cause for these revisions was persistence of obesity while the second common 

cause was GERD.(48) 

When weight loss following a sleeve gastrectomy proves inadequate, converting to a 

malabsorptive procedure is often advised. Addressing reflux issues post-sleeve gastrectomy 

involves several options, such as medical therapy, the LINX® magnetic sphincter 

augmentation system, radiofrequency ablation procedures, and conversion to RYGB, which is 

widely regarded as the preferred choice.(48)  

When reoperation becomes necessary, it is crucial for physicians to thoroughly 

investigate the reasons behind the failure of the initial surgery, even though pinpointing the 

exact cause can be challenging. Essential preoperative assessments include upper 

gastrointestinal endoscopy and imaging techniques such as upper gastrointestinal series 

studies and gastroesophageal scintigraphy. Additional tests, like pH testing and esophageal 

manometry, may be recommended for specific cases to further evaluate the condition and 

optimize treatment planning.(49) 

A] Esophago-gastro-duodenoscopy 

It is crucial to comprehend the anatomical changes of the upper GI tract. This 

knowledge enables them to identify normal and abnormal findings and to make accurate 

diagnostic and therapeutic decisions (plays a vital role in the treatment of complications as 

leakage, bleeding, strictures, etc.). Sleeve gastrectomy creates a tubular stomach by placing a 

staple line parallel to the lesser curvature. It is important to note that ulceration and wall 

defects can occur along this staple line. 
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B] UGI series  

After undergoing LSG, patients typically undergo a fundamental diagnostic procedure 

known as a gastrografin or barium swallow and meal. This minimally invasive technique has 

a longstanding history in identifying both early and late postoperative complications. The 

procedure commences with an erect abdominal radiograph, followed by ingestion of a water-

soluble contrast medium. Fluoroscopy then tracks the contrast's journey through the upper 

gastrointestinal (GI) tract, capturing single X-rays from anterior-posterior (AP), oblique, and 

lateral angles. This comprehensive approach allows for assessment of the gastroesophageal 

junction, sleeve morphology, the integrity of the staple line, and the contrast's progression 

through the duodenum and beyond in the small intestine.(50)  

Barium studies are non-invasive, low-risk, fast, and cost-effective, offering high 

diagnostic accuracy with minimal radiation exposure and no need for sedation. However, they 

involve some radiation risk, potential constipation, allergic reactions, and are not 

recommended during pregnancy. They require skilled radiologists, and there is a shortage of 

trained professionals. Their diagnostic capabilities are also less sensitive compared to 

computed tomography (CT) and magnetic resonance imaging (MRI).(51) 

In an upper gastrointestinal (UGI) study, the shape of the gastric remnant after SG can 

be categorized into five distinct patterns based on the configuration of the staple line. The 

most frequently observed pattern is the tubular shape, characterized by a long, cylindrical 

form with consistent contrast distribution after contrast material ingestion. The superior pouch 

manifests as a broader upper segment near the gastroesophageal junction, gradually filling 

with contrast medium often showing an air-fluid level. Conversely, the inferior pouch denotes 

a wider area in the antral region. The superior-inferior pouch displays dilations in both the 

cardiac and antral regions. Lastly, the pseudo-diverticular pattern exhibits a diverticular 

dilation along the lesser curvature of the gastric sleeve.(50) 

The superior pouch configuration can imitate extraluminal effluents in the gastric 

system, potentially causing erroneous diagnoses of leakage. The shape variations notably 

impact the likelihood of gastroesophageal reflux syndrome. Patients possessing a tubular-

shaped stomach may experience sporadic regurgitation and vomiting, often attributed to 

heightened intragastric pressure in the upper segment. In contrast, several experts argue that 

individuals with a superior pouch shape are more prone to gastroesophageal reflux symptoms 

compared to those with a tubular shape.(50) 
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Figure (13): Shape variants of gastric remnants after laparoscopic sleeve gastrectomy 

(upper gastrointestinal study): A) tubular, B) superior pouch, C) inferior 

pouch, D) superior-inferior pouch, E) pseudo- diverticular shape 

Also, it has a major role in detection of complications as strictures, dilatations, torsion 

(volvulus), and dilatations (gastric remnant volume could be measured).(50) 

C] Gastro-esophageal scintigraphy (GES) 

A radiopharmaceutical mixture, typically preferred with Tc99 due to its minimal 

absorption in the gastrointestinal tract, should be consumed within 10 minutes of ingestion 

before imaging can commence.(52) 

The streamlined approach to solid gastric emptying study entails capturing brief 

imaging sessions lasting one minute each at four key intervals following meal consumption: 

directly after ingestion, and subsequently at 1 hour, 2 hours, and 4 hours post-meal. An 

additional fifth time slot at 30 minutes may also be included, providing valuable insights into 

swift gastric emptying dynamics.(52) 

To obtain optimal imaging results, it is recommended to use a dual-head gamma camera 

capable of simultaneously capturing anterior and posterior projections. This setup ensures that 

the entire stomach, along with the distal esophagus and proximal small bowel, is within the 

field of view. In cases where a dual-head gamma camera is not accessible, an acceptable 

alternative is to use a single-head gamma camera. In this scenario, images should be 

sequentially acquired, first capturing anterior views followed by posterior views.(52) 

The counts within the stomach are assessed by delineating a region-of-interest (ROI) 

around it. At the initial time point (T=0), which serves as the baseline encompassing all 

activity, including that which has already passed through the stomach, the retained activity 

within the stomach at each subsequent time point is determined. This calculation involves 
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applying a geometric mean with decay correction, which is then compared against established 

normal values to assess its validity.(52) 

In a liquid meal gastric emptying study, a radiopharmaceutical is mixed with 300 mL of 

water and administered to the patient. The patient is positioned semi-upright at a 45-degree 

angle, and imaging is conducted using a single-head gamma camera positioned in the left 

anterior oblique projection, aligned with the stomach's long axis. Imaging commences 

immediately after ingestion, capturing continuous 1-minute frames over a 30-minute period. 

Unlike solid gastric emptying studies where a geometric mean is calculated, the single-head 

camera setup focuses on generating time-activity curves from each time point. These curves 

are pivotal in determining the time to achieve 50% emptying (T-1/2), a metric that 

underscores the swift dynamics of liquid gastric emptying.(52) 

  
Ant: anterior 

Figure (14): Standard gastro- esophageal scintigraphy and GERD in GES 

Gastro-esophageal scintigraphy (GES) utilizing radiolabeled meals is widely regarded 

as the benchmark for assessing gastrointestinal motility disorders. However, its reliability has 

been brought into question due to inconsistent outcomes attributed to the absence of 

standardized protocols. Variability arises from differences in the choice of meals, patient 

positioning, frequency and duration of image acquisition, and methods for quantifying 

results.(52)  
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D] Multichannel intraluminal impedance pH-metry (MII- pH) 

Esophageal impedance monitoring stands out as the most sensitive method for assessing 

various types of gastroesophageal reflux, including acidic, weakly acidic, and alkaline reflux. 

This technique provides detailed insights into the composition, proximal extent, duration, and 

clearance of the refluxate. By combining multichannel intraluminal impedance (MII) testing 

with pH testing, it becomes possible to thoroughly characterize both the physical and 

chemical properties of the refluxate. MII detects the movement of intraluminal boluses within 

the esophagus using a strategically placed catheter. When used alongside pH testing, this 

approach can discern whether the bolus consists of liquid, gas, or a combination thereof, 

while also evaluating its pH levels.(53) 

Impedance techniques utilize measurements of electrical impedance between closely 

spaced electrodes on a thin intraluminal probe. These electrode pairs, forming segments of 

impedance, connect to a voltage transducer that generates a measuring current. The output 

from these measurements indicates the electrical impedance surrounding the catheter within 

the section delimited by each pair of electrodes.(53)  

Impedance varies inversely with the electrical conductivity of luminal contents and the 

cross-sectional area between electrodes. Air, which conducts poorly, increases impedance, 

whereas materials with higher conductivity (like swallowed or refluxed substances) decrease 

impedance. By examining impedance patterns over time and space within the esophagus, it 

becomes possible to distinguish between forward (swallowing) and backward (reflux) 

movement of boluses. This analytical approach enables the assessment of intra-esophageal 

liquid dynamics in tests for bolus transit and reflux monitoring, as well as gas movements 

seen in conditions like aerophagia and belching.(53) 

Procedure 

Patients undergoing MII-pH testing are advised to fast for 4 to 6 hours prior to probe 

insertion, having discontinued proton pump inhibitors (PPIs) therapy for at least 2 weeks, 

considering factors like coagulopathy and anticoagulant use. The procedure involves trans 

nasal placement of 2.1 mm diameter probes into the esophagus and positioning the pH sensors 

5 cm above the LES. Impedance measurements occur at specific intervals along the 

esophagus: four segments in the distal esophagus (3, 5, 7, and 9 cm above the LES) and two 

in the proximal esophagus (at 15 and 17 cm above the LES). Patients receive a diary to 
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register mealtimes, contents, upright and recumbent periods, medication use, and symptom 

occurrence. They are encouraged to maintain normal eating and activity patterns to provoke 

symptoms if applicable. Typically lasting 24 hours, the study concludes with the return of the 

recording unit for subsequent data analysis using specialized software.(54) 

Reflux is categorized into four subcategories based on the esophageal pH levels 

detected through impedance during reflux events. The first type is acid reflux, where the pH 

decreases to below 4. Superimposed acid reflux, or acid re-reflux, occurs when there is reflux 

while the pH remains below 4 during an acid clearing interval, before the esophageal pH has 

fully recovered to above 4 after acid reflux. Weakly acid reflux is characterized by a pH nadir 

that is above 4 but below 7 during reflux. Finally, alkaline reflux is identified when the pH 

remains above 7 or increases to above 7 during the reflux episode.(54)  

The evaluation of data obtained from esophageal impedance pH monitoring involves 

several key aspects. These include analyzing pH data independently, focusing on impedance 

data to assess bolus transit, examining the temporal correlation between pH changes and 

impedance variations, and investigating the relationship between reflux episodes and 

symptom occurrence.(54)  

The DeMeester score serves as a comprehensive metric for assessing acid exposure by 

integrating various reflux parameters. It is crucial that this score remains below 14.72 in 

healthy individuals. This composite measure evaluates six key factors: the overall duration 

when pH levels drop below 4, separate evaluations for upright and supine positions, the total 

count of reflux episodes, instances of prolonged reflux lasting over 5 minutes, and the 

duration of the longest single reflux episode. These components collectively provide a holistic 

view of acid reflux severity and are essential in clinical evaluations related to GERD.(55) 

Some parameters for evaluating composite scores are more sensitive than others. 

Notably, the total percentage of time with pH below 4 and the number of long reflux episodes 

stand out as particularly sensitive measures. These metrics overshadow others in their ability 

to gauge the severity of gastroesophageal reflux. Additionally, the Symptom Index (SI) and 

Symptoms Association Probability (SAP) scores are crucial as they establish correlations 

between symptoms and instances of reflux, providing further insights into the condition's 

impact.(55) 
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Figure (15): Recordings of esophageal impedance pH showing examples of the 4 types of 
refluxes: (A) Weakly acidic reflux, (B) acid reflux, (C) weakly alkaline 

reflux and (D) superimposed acid reflux. 

E] High resolution manometry 

Recent advancements in HRM combined with esophageal pressure topography (EPT) 

have revolutionized the clinical evaluation of esophageal motility disorders. This technology 

allows for a comprehensive assessment of esophageal motility patterns by continuously 

measuring the strength of contractions throughout the esophagus and its sphincters. A 

specialized manometry catheter, equipped with multiple pressure sensors, is inserted into the 

esophagus to capture detailed intraluminal pressure signals. These signals are then transmitted 

to a recording device, enabling clinicians to analyze and diagnose a wide range of esophageal 

motility abnormalities with unprecedented accuracy and detail. This approach not only 

enhances diagnostic precision but also informs tailored treatment strategies for patients 

suffering from esophageal disorders.(56)  

HRM marks a significant advancement from traditional line tracings in medical 

diagnostics. Unlike conventional manometry catheters that feature only a few widely spaced 

sensors (usually between 3 to 5), HRM utilizes up to 36 pressure sensors distributed 1cm 

apart along the catheter. This innovation allows for a more detailed and precise measurement 

of pressure dynamics within the gastrointestinal tract. Where conventional methods yield 

unidirectional line plots, HRM data is transformed into seamless, dynamic spatiotemporal 

plots through sophisticated software algorithms(56) 
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The International HRM Working Group introduced a novel classification scheme for 

esophageal motility disorders in 2009, known as the Chicago Classification. This system, now 

in its fourth version, has become the prevailing standard for interpreting HRM metrics in 

clinical settings. It categorizes various esophageal motility disorders based on specific 

criteria, providing clinicians with a structured framework to diagnose and manage these 

conditions effectively.(57) 

 

Figure (16): Chicago classification version 4.0 for esophageal motility disorders by 

HRM 

Integrated relaxation pressure (IRP); Multiple rapid swallow (MRS); Rapid drink challenge 

(RDC); Lower esophageal sphincter (LES); Intrabolus pressurization (IBP); Panesophageal 

pressurization (PEP); Esophagogastric junction (EGJ): EGJ outflow obstruction (EGJOO); Timed 

barium esophagram (TBE); Functional lumen imaging probe (FLIP) 
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Comparative studies between conventional line tracing and HRM have demonstrated 

significant improvements in diagnostic accuracy, interpretative ease, and inter-rater agreement 

favoring HRM. Moreover, advancements in software enable automated analyses based on 

HRM metrics. Consequently, esophageal HRM has transitioned from a primarily research-

focused tool to an essential component of clinical practice. Despite these technological 

strides, reliance on auto-generated analyses may lead to diagnostic errors. Achieving accurate 

interpretations in esophageal manometry necessitates a comprehensive grasp of esophageal 

physiology and proficiency in interpretation skills.(56) 

Procedure 

A well-executed HRM procedure is crucial for accurate HRM interpretation. During the 

procedure, the HRM catheter is inserted through the nose and positioned to span the entire 

length of the esophagus, ideally. The distal sensor is placed approximately two to three 

centimeters below the diaphragm to ensure optimal placement and reliable data collection.(58)  

A typical protocol for HRM begins with a baseline period of at least 30 seconds where 

the subject remains in a relaxed state. This is followed by a series of ten liquid swallows, each 

consisting of 5 mL of room temperature normotonic saline (preferred) or water. While the 

Chicago Classification v4.0 guidelines are established based on data from studies conducted 

with subjects in the supine position, HRM can also be conducted with subjects reclined or 

seated. In specific cases, such alternative positions may be preferred due to safety 

considerations or because they provide more comprehensive and meaningful diagnostic 

information.(57)  

When diagnosing motility disorders, there is a notable agreement among practitioners 

regarding the diagnosis of motility, particularly when comparing different positions. 

However, it has been observed that peristaltic and esophagogastric junction (EGJ) pressures 

tend to be lower when the patient is in a seated position, underscoring the importance of 

documenting the patient's position in procedure reports. Despite the Chicago Classification 

v4.0 guidelines recommending ten liquid swallows for diagnosis, recent studies indicate that 

interpreting results based on fewer swallows does not compromise diagnostic accuracy. 

Therefore, a consensus among experts suggests that a minimum of seven high-quality wet 

swallows is necessary to conduct a comprehensive examination.(57)  
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Interpreting an esophageal HRM study involves engaging with software-generated 

esophageal pressure topography (EPT) plots. These plots are essential for analyzing 

manometric properties both during the baseline period and for each swallow. This detailed 

examination allows clinicians to synthesize the data effectively, leading to an accurate 

diagnosis of esophageal motility disorders.(58) 

Baseline Phase 

In HRM using esophageal pressure topography, pressure measurements are depicted 

over time and distance. The pressure data is visualized as a color-coded heat map, where 

lower pressures appear as dark blue and higher pressures range from red to purple. Time is 

represented along the horizontal axis, typically in 10-second intervals, and can be adjusted by 

zooming in or out. Vertical axis displays distance, with each black circle denoting a pressure 

sensor. Initially shown in centimeters from the nares, the display can be modified by selecting 

'Fr. Nares' to show distances from the LES or sensor number.(58) 

 

Upper esophageal sphincter (UES); Lower esophageal sphincter (LES); Pressure inversion point (PIP); Crural 
diapgragm (CD) 

Figure (17): Baseline window in HRM 

In this view, the interpreter has selected the baseline period, marked by a red frame. 

Two high-pressure zones are identifiable: one corresponds to the UES, and the other to the 

LES. These zones are indicated by yellow boxes, with markers positioned to show the 

proximal and distal borders of both the UES and LES. Additionally, a gastric marker is placed 

a minimum of 2cm below the distal border of the LES.(58) 
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The pressure inversion point (PIP) serves as a crucial marker during HRM studies, 

visually denoted by a purple box labeled "PIP." This point signifies the transition from 

intraabdominal to intrathoracic cavities, typically observed through a distinctive change in 

pressure directions between these regions. This directional inversion becomes more 

pronounced during deep inspiration. Importantly, the presence and clarity of the PIP are 

contingent upon proper placement of the manometry catheter through the LES. Instances 

where the catheter loops within the esophageal body can distort this signal, possibly appearing 

as a "butterfly" or mirrored image. Therefore, accurate assessment and documentation of the 

PIP are imperative for interpreting HRM results; its absence may indicate technical 

inadequacies in the study.(58) 

An important aspect of HRM is its capability to evaluate the spatial configuration 

between the crural diaphragm and the LES, known as the esophagogastric junction (EGJ) 

morphology. According to the Chicago Classification v4.0, there are three distinct types of 

EGJ morphology. Type I denotes the absence of a hiatal hernia, where the structures maintain 

their normal spatial relationship. Type II signifies the presence of a small hiatal hernia, 

indicating a mild displacement of the LES above the diaphragm. Type III indicates a hiatal 

hernia larger than 2 cm, highlighting a significant displacement of the LES into the thoracic 

cavity.(57) 

Swallow Phase 

During the act of swallowing, the movement patterns offer crucial insights into the 

functioning of the esophagus, including how it contracts and relaxes in response to the 

passage of food. Detecting and diagnosing esophageal motility disorders hinges on evaluating 

factors like integrated relaxation pressure (IRP), the overall contractile performance, and the 

degree of pressurization experienced. (58) 

The swallow begins with the relaxation of the UES and the simultaneous relaxation of the 

LES, followed by contraction moving downward along the esophagus, which concludes with the 

return of the LES pressure to its normal baseline. Within this process, a yellow circle on the 

diagram marks the contractile deceleration point (CDP). The distal contractile integral (DCI) 

measures the strength of contraction over time from the transition zone to just above the LES. The 

distal latency (DL) indicates the time from UES relaxation to reaching the CDP, illustrated by a 

yellow dashed line. Meanwhile, the integrated relaxation pressure (IRP) identifies the lowest 

average axial pressure in the four seconds following UES relaxation onset.(58)  
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Distal contractile integral (DCI); Distal latency (DL); Integrated relaxation pressure (IRP) 

Figure (18): Swallow phase in HRM 

Integrated Relaxation Pressure  

According to the Chicago Classification, the Integrated Relaxation Pressure (IRP) is 

identified as the most discriminatory metric in assessing esophagogastric junction (EGJ) 

function within HRM. This metric gauges deglutitive relaxation by analyzing the lowest mean 

axial pressure sustained for four seconds, whether continuous or intermittent, across the LES 

during the 10 seconds following a swallow. An abnormal IRP value is indicative of irregular 

transit through the EGJ, highlighting potential abnormalities in esophageal function.(58) 

According to the Chicago Classification v4.0, the overall IRP is determined by the 

median IRP observed during ten wet swallows. Normal ranges for IRPs vary between 

manometric systems, with values exceeding 15 mmHg indicating potential EGJ outflow 

obstruction. In cases where peristalsis is absent, an IRP cutoff of 10 mmHg may suggest type 

I achalasia. Furthermore, when peristalsis is absent and at least 20% of swallows exhibit 

panesophageal pressurization, type II achalasia may be suspected, irrespective of the IRP 

value. Therefore, IRP serves as a crucial metric for evaluating EGJ relaxation adequacy, but 

its interpretation varies depending on the contractility patterns and the specific manometric 

equipment used.(57) 

  

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=5568812_nihms890458f2.jpg
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Contractile Function  

HRM assessment of esophageal contractile function is based on the distal contractile 

integral (DCI), distal latency (DL) and peristaltic integrity.(58)  

DCI serves as a quantitative measure of peristaltic strength in the smooth muscle of the 

esophagus. It is derived by summing pressures exceeding 20 mmHg along the length from the 

smooth muscle transition zone to the proximal EGJ, and is expressed in units of mmHg·s·cm. 

According to the Chicago Classification v4.0, DCI values above 8,000 mmHg·s·cm indicate 

hypercontractility, while those below 450 mmHg·s·cm suggest weak peristalsis, and values 

under 100 mmHg·s·cm signify a failed swallow. DCI values falling between 450 and 8,000 

mmHg·s·cm are considered normal, with upper limit values (5,000 to 8,000 mmHg·s·cm) 

potentially indicating increased contractile vigor.(57) 

Assessment of latency and peristaltic integrity is crucial within the context of DCI 

values exceeding 450 mmHg·s·cm. DL represents the time from the initiation of swallow-

induced UES opening to the arrival of esophageal contraction at the contractile deceleration 

point, the inflection point in the wavefront velocity proximal to the EGJ. A DL less than 4.5 

seconds typically signifies a premature or spastic swallow. Borderline normal DL values, 

ranging from 4.5 to 5.5 seconds, may indicate the early stages of a developing spastic 

disorder.(58) 

The integrity of peristalsis is assessed by observing for discontinuities or interruptions 

in the peristaltic contraction from the UES to the EGJ, using a 20mmHg isobaric contour. 

According to the Chicago Classification v4.0, breaks in the peristaltic wave that exceed 5cm 

in length are indicative of a fragmented swallow.(57)  

Esophageal Pressurization  

HRM offers an additional benefit through its capability to analyze intrabolus 

pressurization patterns. This phenomenon occurs in the esophagus when liquid swallowed 

becomes trapped between two contracting segments. This process is deemed abnormal when 

the pressurization exceeds 30mmHg.(58) 

Pan-esophageal pressurization, which encompasses the entire length from the UES to 

the EGJ, is recognized as the hallmark characteristic of type II achalasia. When pressurization 

is compartmentalized from the point of contractile deceleration to the EGJ, it may suggest the 
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presence of a distal outflow obstruction. Additionally, pressurization of the EGJ spanning the 

area between the LES and the crural diaphragm can occur in cases involving a hiatal 

hernia.(59)  

** Esophageal High-Resolution Impedance Manometry 

HRM catheters now integrate several impedance sensors capable of detecting air or 

liquid presence through electrical resistance changes. This innovation enables simultaneous 

measurements of bolus transit and clearance in relation to esophageal pressures and 

manometric variations. The esophagus primarily functions to transport and clear boluses, and 

the adoption of high-resolution impedance manometry (HRIM) holds promise in refining the 

assessment of esophageal function concerning bolus transport.(60) 

In HRIM, various metrics are crucial for assessing bolus transit. These include the 

esophageal impedance integral, which acts as an indicator of bolus retention. Another key 

metric is intrabolus pressure, which provides insights into the condition of the esophageal 

wall during bolus movement. Additionally, bolus flow time is measured to understand trans-

EGJ pressure gradients during bolus passage. Post-prandial HRIM is valuable for examining 

how the esophagus responds to digestive stimuli, such as episodes of TLESR, rumination 

syndrome, and disorders related to belching.(60) 

 

Upper oesophageal sphincter (UOS); Lower oesophageal sphincter (LOS) 

Figure (19): Normal high resolution impedance manometry 
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Bolus transit time (BTT) defined as time elapsed between bolus entry in proximal 

impedance channel (at 19 cm above the reference line) and bolus exit in the most distal 

impedance channel (at 5 cm above the reference line). It reflects bolus transport and 

clearance. It was found that the upper limit of 95% of liquid and viscous bolus transit is 

<11.0 s. and that the median of BTT is 6.9 s.(61) 

Swallows can be categorized based on their esophageal transit as either complete 

esophageal transit (CET) or incomplete esophageal transit (ICET). CET is determined when 

bolus entry is observed at the most proximal impedance site and bolus exit is subsequently 

recorded across the following three impedance channels. Conversely, impaired contractility of 

the esophageal body manifests when the bolus exit cannot be identified at one or more distal 

impedance measuring sites. Abnormal passage of boluses was determined as comprising at 

least 30% of liquid swallows exhibiting ICET.(61) 

Although HRIM provides additional information compared to HRM alone in the 

evaluation of esophageal function and symptom generation, its clinical utility in the 

evaluation of the EGJ remains to be determined as there are not enough studies to 

demonstrate their role in directing patient treatment decisions. 
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EXPERIMENTAL PART 
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INTRODUCTION 

Since the introduction of SG as a standalone bariatric procedure, its exact effect on 

GERD symptoms remains controversial. Various systematic reviews have highlighted 

significant heterogeneity among included studies, preventing definitive conclusions on the 

impact of laparoscopic SG on preoperative GERD symptoms.(62, 63) 

Following SG, a notable issue that arises over time is the exacerbation of reflux or the 

onset of new GERD. Several theories attempt to explain this phenomenon. These include the 

removal of the gastric fundus, which plays a role in reflux regulation, as well as the cutting of 

muscular fibers that support the competence of the EGJ. Additionally, SG can reduce gastric 

volume, potentially increasing intra-luminal pressure, and may lead to the formation of neo 

fundus due to improper stapling. Other factors such as altered anatomy at the angle of His and 

the development of new hiatal hernias further contribute to the complexity of GERD 

development post-SG.(64) 

Conversely, SG might reduce postoperative GERD symptoms through decreased acid 

production due to the removal of acid-producing cells in the gastric fundus, accelerated 

gastric emptying, and weight loss, which reduces intra-abdominal pressure.(65) 

Standardizing the surgical technique for SG is crucial to improving outcomes and 

minimizing GERD risk. Key elements include repairing hiatal hernias, proper gastric 

resection, appropriate bougie catheter sizes, avoiding narrowing at the incisura angularis and 

twisting of the staple line, ensuring complete fundus resection, and preserving the integrity of 

sling fibers.(66) 

New techniques such as cardioplication during SG have shown some promise but 

require further evaluation. GERD before surgery is not an absolute contraindication for SG.(67) 

Postoperative surveillance for GERD includes routine upper endoscopy 2-3 years after 

SG, with follow-ups every 5 years. Management of GERD after SG starts with proton pump 

inhibitors (PPIs), with conversion to Roux-en-Y gastric bypass considered for refractory cases 

after thorough evaluation.(68) 
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Gastric emptying of solids typically follows a biphasic pattern, but SG significantly 

reduces or abolishes gastric reservoir function, impacting satiety regulation. The location of 

vertical resection affects neural innervation of the antrum, influencing gastric emptying rates. 

Patients with slower gastric emptying often report nausea, vomiting, and poor appetite, while 

those with rapid emptying may experience dumping syndrome-like symptoms, such as 

headaches and dizziness when consuming high-sugar or fatty meals.(69) 

Revisional bariatric surgery has become crucial due to the chronic and relapsing nature 

of obesity and the increasing number of bariatric procedures. Revisional surgeries are 

technically challenging due to altered anatomy and adhesions from previous operations, often 

presenting higher postoperative complication rates.(70) 

The laparoscopic approach is standard, but it has limitations such as two-dimensional 

vision, tremor amplification, and rigid instruments. Robotic surgery offers solutions with 

improved ergonomics, three-dimensional high-definition view, direct control of camera, 

multi-quadrant access, tremor filtration, and versatile instruments. Robotic surgery is gaining 

popularity in bariatrics, showing similar postoperative morbidity to laparoscopic surgery but 

with longer operative times and higher costs.(71) 

For SG, the revision rate is 28% at seven years, primarily due to persistent obesity and 

GERD. Managing reflux after SG includes medical therapy, LINX® magnetic sphincter 

augmentation, radiofrequency ablation, and conversion to RYGB.(72) 

Preoperative tests for reoperation include upper gastrointestinal endoscopy and imaging, 

with additional pH testing and esophageal manometry in selected cases. 

It is essential to have a thorough understanding of the anatomical alterations in the 

upper GI tract following sleeve gastrectomy. This expertise allows for the identification of 

normal and abnormal findings, aiding in the diagnosis and treatment of complications like 

leaks, bleeding, and strictures. The procedure forms a tubular stomach with a staple line 

parallel to the lesser curvature, which can be prone to ulceration and wall defects. 

Upper gastrointestinal series studies provide essential information on the gastric 

remnant's shape, influencing the presence of GERD. Different shapes, such as tubular or 

superior pouch, have varying impacts on GERD symptoms, with the superior pouch shape 

more strongly associated with reflux compared to the tubular shape. It also plays a crucial role 
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in detecting complications such as strictures, dilatations, and torsion (volvulus), and 

measuring gastric remnant volume. 

Barium studies are non-invasive, low-risk, fast, and cost-effective, offering high diagnostic 

accuracy with minimal radiation exposure and no need for sedation. However, they involve some 

radiation risk, potential constipation, allergic reactions, and are not recommended during 

pregnancy. They require skilled radiologists, and there is a shortage of trained professionals. Their 

diagnostic capabilities are also less sensitive compared to CT and MRI.(51) 

Gastro-esophageal scintigraphy (GES) uses Tc99 radiopharmaceuticals for imaging. The 

patient consumes the meal within 10 minutes, and imaging starts immediately. For solid GES, 

1-minute images are taken at 0, 1, 2, and 4 hours, with an optional 30-minute point for rapid 

gastric emptying assessment. A dual-head gamma camera is preferred, but a single-head 

camera can be used sequentially. The geometric mean with decay correction calculates gastric 

activity retention at each time point. 

For liquid GES, 300 mL of water mixed with the radiopharmaceutical is ingested, and 

imaging starts immediately. A single-head gamma camera at a 45-degree angle measures gastric 

retention, and the time-activity curve (TAC) calculates the time to 50% emptying (T-1/2). 

Despite its status as the gold standard, the reliability of GES is questioned due to 

inconsistent results stemming from the lack of standardized procedures, affecting reported 

normal values and comparison of results between institutions.(73) 

Multichannel intraluminal impedance pH-metry (MII-pH) combines impedance testing 

with pH monitoring to provide a comprehensive analysis of reflux characteristics, including 

both physical and chemical properties of the refluxate. This diagnostic method involves 

detecting the movement of boluses within the gastrointestinal tract using a catheter-based 

probe. Boluses are classified based on their composition as liquid, gas, or mixed, while pH 

levels are concurrently measured. The technique relies on the principle that impedance, 

determined by the electrical conductivity of luminal contents, varies inversely with bolus 

movement direction, helping to distinguish between forward and backward movements of the 

bolus.(53) 

The procedure involves fasting 4 to 6 hours before probe insertion, stopping PPIs 

therapy for 2 weeks, and transnasal placement of the MII-pH probe into the esophagus. 

Impedance measurements are taken at various segments throughout the esophagus. Patients 
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record mealtimes, meal content, periods of activity, medication administration, and symptoms. 

The study typically lasts 24 hours, with data analysis using specialized software. Reflux is 

categorized based on esophageal pH detected by impedance: acid reflux, superimposed acid 

reflux, weakly acid reflux, and alkaline reflux.(53) 

The DeMeester score serves as a comprehensive assessment of acid exposure, crucial in 

evaluating reflux disorders. It combines six key parameters, including the overall percentage 

of time spent with pH levels below 4, both upright and supine, along with the total count of 

reflux episodes and those lasting more than 5 minutes. Additionally, it considers the duration 

of the longest reflux episode. In healthy individuals, this score typically should not exceed 

14.72, providing a benchmark against which to gauge abnormal acid reflux levels.(53) 

Conventional manometry (CM) is a technique used to evaluate esophageal motility 

disorders through pressure measurement within the esophagus. CM equipment includes a 

pressure sensor/transducer and a recording device. Water-perfused systems use polyvinyl 

tubes with side-holes perfused with water, recording pressure changes via volume-

displacement transducers. Solid-state systems use strain gauge transducers along a flexible 

tube, providing higher frequency response and requiring less technical expertise, though they 

are more expensive and prone to damage.(74) 

For the procedure, patients should fast for 6-12 hours, avoid medications affecting 

motility, and be properly informed and consented. The equipment must be calibrated, and 

infection precautions observed. The catheter, usually placed via the nares for comfort, is 

positioned with verification from pressure changes during deep breathing. A station pull-

through maneuver locates the high-pressure zone (HPZ) of the LES.(74) 

The LES, a 2-4 cm HPZ, relaxes with swallowing. Baseline LES pressure should be 

measured over several minutes due to variability. LES relaxation is evaluated with wet 

swallows, noting residual pressure and any pressure overshoot.(74) 

The esophageal body is assessed using a catheter with at least three pressure sensors. 

Wet swallows should produce propagated pressure waves, with peristaltic contractions 

traversing the esophagus in 5-6 seconds. Sensor function is checked by letting the patient 

cough. The study concludes by identifying the UES as a high-pressure zone that decreases 

with swallowing.(74) 
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Reports should include patient identifiers, procedure details, catheter type, and 

medications given. They should describe the LES's location, length, baseline pressure, and 

relaxation. The esophageal body report should detail pressure wave configuration, amplitude, 

duration, and peristaltic performance. Examination of the UES is not standard but should 

document its location and relaxation with swallowing. Manometric LES location may aid in 

pHmetry sensor placement.(74) 

In the last decade, HRM has replaced conventional manometry for evaluating and 

managing esophageal motility disorders. It offers improved diagnostic accuracy and detailed 

depictions of esophageal motility, identifying anatomical landmarks and assessing conditions 

like hiatal hernia. Despite its higher cost, HRM's benefits outweigh those of conventional line 

tracing.(58) 

The HRM with esophageal pressure topography (EPT) revolutionizes the evaluation of 

esophageal motility disorders. HRM assesses esophageal motility by measuring the amplitude 

of contractile events. It incorporates up to 36 pressure sensors along a catheter, converting 

data into spatiotemporal EPT plots. The Chicago Classification, currently in version 4.0, 

standardizes interpretation based on HRM metrics.(58) 

HRM involves placing the catheter trans nasally to span the esophagus, followed by a 

series of ten 5-mL liquid swallows. The procedure can be performed in the supine or reclined 

position. IRP, a measure of deglutitive relaxation, is the most discriminatory HRM metric, 

with values above 15 mmHg indicating EGJ outflow obstruction. HRM assesses contractile 

function through DCI, DL, and peristaltic integrity. Esophageal pressurization patterns are 

also evaluated, with panesophageal pressurization indicating type II achalasia.(58) 

The HRIM combines multiple impedance sensors on HRM catheters to measure bolus 

transit and clearance. HRIM metrics include esophageal impedance integral, intrabolus 

pressure, and bolus flow time. Post-prandial HRIM provides information about manometric 

responses to digestive stimuli. BTT reflects bolus transport and clearance, with CET defined 

by bolus exit recorded at all impedance channels. Abnormal bolus transit is defined as ≥30% 

liquid swallows with incomplete esophageal transit (ICET). 

Although HRIM provides additional information compared to HRM alone, its clinical 

utility in evaluating the EGJ remains to be determined due to insufficient studies 

demonstrating its role in directing patient treatment decisions.(60) 
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The primary endpoint of this study was to assess the effects of LSG on esophagogastric 

physiology; EGJ function, esophageal peristalsis, reflux exposure using the new technology -

that is not in the routine practice- HRIM by comparing between patients with failure after SG 

and patients with good long-term outcomes. Further objective was to detect the relationship of 

postoperative reflux pattern with post‐operative modification of IGP, and esophageal and 

gastric transit.  

This was also done by correlating them with specific validated questionnaire (Modified 

Italian Gastroesophageal Reflux Disease-Health Related Quality of Life (MI-GERD-HRQL 

questionnaire))(75), gastroscopy, upper gastro-intestinal series, and 24-hour multichannel 

intraluminal impedance‐pH monitoring (MII‐pH).  

  



 

62 

MATERIALS AND METHODS 

This is an observational cross- sectional, monocentric study that was carried out to 

assess the role of the new technologies -that is not in the routine practice- MII pH and HRIM 

in the diagnostic pathway of patients undergoing revisional surgery for GERD after LSG. 

Inclusion criteria 

- Patients who had undergone LSG for over 6 months with indication for surgical revision 

due to failure of the primary surgical intervention due to presence of de novo reflux as 

cases group (GERD group, group A). 

-  Patients who had undergone LSG for over 6 months, with regular postoperative course 

as a control group (asymptomatic, group B). 

-  Adult patients > 18 years. 

-  Patients who had provided consent to participate in the study. 

Exclusion criteria 

-  Patients undergoing LSG for less than 6 months. 

-  Patients with GERD before LSG (from pre-operative symptomatology or investigations 

as endoscopy or pHmetry). 

- Large hiatal hernias (> 5 cm in diameter).   

- Pregnancy or undergoing fertility treatment. 

-  Active alcohol abuse. 

-  Patients with acute severe systemic infection. 

-  Major psychiatric disorders. 

-  Recent onset oncological pathology (less than 5 years). 

-  Contraindications to performing the requested instrumental tests. 

-  Patients who do not consent to participate in the study. 
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Laparoscopic sleeve gastrectomy 

The procedure begins with the patient positioned supine in a reverse Trendelenburg tilt. 

The main surgeon stands between the patient's open legs, assisted by another surgeon and a 

scrub nurse. Pneumoperitoneum is established using a Veress needle inserted in the left upper 

quadrant, maintaining a carbon dioxide pressure of 16 mmHg and flow rate of 40 l/min. 

Trocars are then placed: a 10 mm trocar at the xipho-umbilical line, a 5 mm trocar near the 

xiphoid process for liver retraction, a 12 mm trocar on the right midclavicular line, a 5 mm trocar 

in the left anterior axillary line, and another 12 mm trocar at the left midclavicular line. 

The surgery commences with the ligation of the vessels of the gastric greater curvature 

using an energy sealing device, starting distally from the gastric body and moving proximally 

towards the esophagus, ensuring complete dissection of the gastric fundus from the 

diaphragmatic crus. A gastric calibration tube (36 Fr.) guides the stapling process, 

maintaining a small margin near the esophagogastric junction to prevent inadvertent stapling 

of the abdominal esophagus. Care is taken during stapling to avoid narrowing or rotation of 

the gastric tube. Leak testing with methylene blue confirms the integrity of the staple line. 

The stomach is removed through the third trocar site, which is then sutured closed. 

Postoperative drainage is usually unnecessary. After confirming hemostasis and ensuring no 

bleeding from trocar sites, the trocars are removed, and the skin is closed and dressed. 

All patients who were admitted to the bariatric surgery clinic, Molinette Hospital in 

Turin in the period from 1st of November 2022 till the 30th of April 2024 and were eligible 

for the study were included. 

All patients were subjected to the following: 

I. Thorough history taking 

1.  Age and sex. 

2.  Age of onset of obesity. 

3.  History of obesity related co-morbidities. 

4.  Past surgical history with major focus on the LSG (date, place, post- operative course, 

and follow up) 
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5.  Upper gastrointestinal complaints such as dyspepsia, dysphagia, etc. The severity of 

GERD symptoms was evaluated using a clinically validated questionnaire according to 

the Modified Italian Gastroesophageal Reflux Disease-Health Related Quality of Life 

(MI-GERD-HRQL questionnaire); this questionnaire includes 15 questions designed to 

assess symptoms such as heartburn, difficulty swallowing, and regurgitation. The total 

score is determined by adding up the scores from each question, with a range from 0 

indicating no symptoms to 75 indicating severe and debilitating symptoms. 

 

Figure (20): MI-GERD-HRQL questionnaire 

II. Thorough clinical examination 

1.  General and abdominal examination. 

2.  Body measurements: Actual weight, height, and body mass index (BMI) which is the 

weight in kilograms divided by the square of the height in meters (kg/m2). Normal 

BMI is 18.5-24.9 Kg/m2. 
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III. 24-hours MII pH-metry 

The studies were performed using the portable digital data logger, Digitrapper pH-Z 

(that register pH data every 4 sec during a 24-hour period), and VersaFlex Z disposable 

pH/Impedance catheters (Sierra Scientific Instruments). Patients were off all peptic 

medication (proton pump inhibitors (PPIs) & H2 blockers) for at least 15 days. 

The catheter, measuring 2 mm in diameter and equipped with one or two pH sensors 

and six pairs of metallic electrodes for various configurations, was inserted trans-nasally. Its 

distal sensor was positioned 5 cm above the upper boundary of the LES, a location 

determined beforehand via EGD or manometry. 

Throughout the monitoring period, patients utilized event buttons on the recording 

equipment to mark mealtimes, symptoms, and supine positions. Data gathered were 

subsequently analyzed and summarized using the AccuView pH-Z system from Sierra 

Scientific Instruments. Types of gastroesophageal reflux (acidic, weakly acidic and alkaline), 

their composition, count, proximal extent, duration (acid exposure time% (AET%), N <4.2%), 

and clearing (bolus exposure time%, N <2.3%) were recorded. Gastro-esophageal reflux was 

assessed according to the DeMeester composite reflux score (DMS) score (N <14.72). 

 

 

Figure (21): VersaFlex® Z disposable pH/Impedance catheter and Digitrapper™ pH-Z 
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IV. Esophageal HRIM 

Esophageal motility patterns were evaluated by measuring the amplitude of contractile 

events in the esophagus and its sphincters over time using spatiotemporal esophageal pressure 

topography (EPT) plots. 

Patients were instructed to fast for six hours and refrain from medications that could 

affect esophageal motility for 2-3 days before the procedure, including calcium channel 

blockers, nitrates, prokinetics, loperamide, beta-receptor antagonists, opiates, and 

anticholinergics. 

Prior to intubation, equipment calibration (at 0 and 300 mmHg) and sterilization 

procedures were meticulously followed to prevent infection. The procedure began after 

obtaining informed consent and explaining potential discomfort. A solid-state recording 

assembly equipped with 36 circumferential pressure sensors placed at 1-cm intervals was used 

(Sierra Scientific Instruments, Los Angeles, CA). 

The probe was inserted through a nostril and positioned to identify the lower and upper 

esophageal sphincters on the monitor screen. 

After positioning the patient and initiating baseline sphincter pressure measurements, 

they were instructed to abstain from swallowing for 30 seconds. Following this initial 

measurement, the examination proceeded with the patient swallowing ten doses of 5 cc of 

normotonic saline instead of water, chosen for its consistent ionic levels and ability to 

facilitate impedance changes. After completing these ten swallows, the catheter was further 

advanced, and additional swallows were incorporated into the study to evaluate gastric 

parameters, including intra-gastric pressure (IGP, with a normal threshold set at <7 mmHg). 

The analyses were conducted using ManoView Analysis Software from Sierra 

Scientific Instruments, applying the Chicago classification version 4.0 for categorizing 

esophageal motor disorders. 

The initial phase of interpretation involved assessing the lower esophageal sphincter's 

competence through several metrics. These included resting pressure, where normal values ranged 

from 13 to 43 mmHg, and the percentage of relaxation, with normal function defined as over 40%. 

Additionally, measurements of intra-abdominal length and the integrated relaxation pressure (IRP) 

were taken. IRP quantifies deglutitive relaxation by averaging the lowest mean axial pressure 
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sustained for four seconds within the LES, either continuously or discontinuously, during the ten-

second period following a swallow, with normal values below 15 mmHg. 

Esophageal motor function characterization included several measurements. These 

included assessing the peristaltic wave amplitude, which typically ranged between 43 to 152 

mmHg, and the distal contractile integral (DCI), calculated by summing pressures exceeding 

20 mmHg across the smooth muscle transition zone to the proximal aspect of the 

esophagogastric junction (EGJ), with normal values ranging from 500 to 5000 mmHg-cm-sec. 

Distal latency (DL), the duration between the initiation of swallow-induced UES opening and 

the arrival of esophageal contraction at the contractile deceleration point near the EGJ, was 

assessed with normal values greater than 4.5 seconds. Peristaltic integrity was evaluated by 

examining the presence of gaps or spatial breaks in the peristaltic contraction from the UES to 

the EGJ under a 20-mmHg isobaric contour. 

The use of HRIM catheter (incorporation of multiple impedance sensors on the HRM 

catheter), which detects the presence of air or liquid by measuring changes in electrical 

resistance, allowed the simultaneous measurement of bolus transit time (N <11sec) and bolus 

clearance% (N <30% liquid swallows with incomplete bolus clearance) as they relate to 

esophageal pressures and manometric changes 

 

 

Figure (22): ManoScan™ Z catheter ManoScan™ and ESO Z workstation 
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Figure (23): HRM 

 
Figure (24): HRIM 

For cases with failure of LSG, the following investigations were added: 

I. Esophago-gastro-dudenoscopy (EGD) 

Standard video gastroscope was used and the severity of esophagitis was scored 

according to the Los Angeles (LA) classification.(76) Biopsy samples were taken at the 

gastroesophageal junction and in the stomach (to detect metaplasia and examine for 

Helicobacter pylori infection). Assessment of the esophageal diameter and the condition of 

the gastric pouch was done.  
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II. Barium study 

Using a low-density barium sulfate suspension (45% wt/vol) to measure esophageal diameter, 

detect the presence of hiatal hernia, and gastro-esophageal reflux. Assessment of the gastric 

pouch configuration and duodenal emptying were also done. 

Statistical Analysis  

Data were tabulated and analyzed using a suitable statistical method. Statistical 

assessment was carried out using SPSS program (Statistical Package for Social Sciences) 

version 20.0.(77) 

Quantitative data was described using measures such as minimum, maximum, mean, 

standard deviation, and median, while qualitative data was summarized by frequency and 

percentage. Chi-square tests, along with exact tests like Fisher's exact test, were employed to 

analyze qualitative data for comparisons. Normally distributed quantitative data underwent 

analysis using the student t-test, whereas non-normally distributed quantitative data was assessed 

using the Mann-Whitney test. Statistical significance was determined at a p-value of 0.05. 
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RESULTS 

Clinical results 

From 1st of November 2022 till the 30th of April 2024, and in bariatric surgery clinic at 

the Molinette Hospital in Turin, a total of 10 patients who had undergone LSG and were 

indicated for revisional surgery because of GERD were included in the study (group A); 9 

patients (90%) were females and 1 (10%) was a male. Median age was 54.50 (43.0 – 61.0) 

years, weight was 97.0 (85.0 – 115.0) Kg, and the BMI was 35.85 (32.8 – 43.3) kg/m2. 

These patients were compared to a control group of 4 cases who were asymptomatic 

after LSG (group B, asymptomatic). 

This was according to the postoperative course; appearance of de novo GERD 

symptoms impairing quality of life (QOL) and needing revisional bariatric surgery. Unlike all 

the cases in group B, 6 cases (60%) of group A had a BMI >35kg/m2. No significant 

differences were observed in age, sex distribution, wight, and BMI between group A and B as 

shown in table (I). 

Table (I): Comparison between the two studied groups according to demographic 

data 

 GERD 
(n = 10) 

Asymptomatic 
(n = 4) P 

 No. % No. % 
Sex      

Male 1 10.0 0 0.0 FEp= 
1.000 Female 9 90.0 4 100.0 

Age (years)    
Min. – Max. 33.0 – 63.0 36.0 – 48.0 

0.142 
Median (IQR) 54.50 (43.0 – 61.0) 42.50 (37.5 – 47.0) 

Weight (kg)    
Min. – Max. 57.0 – 160.0 80.0 – 98.0 

0.454 
Median (IQR) 97.0 (85.0 – 115.0) 92.0 (83.0 – 98.0) 

BMI (kg/m2)    
Min. – Max. 21.50 – 54.10 29.20 – 34.10 

0.240 
Median (IQR) 35.85 (32.8 – 43.3) 33.0 (31.1 – 33.55) 

IQR: Inter quartile range    FE: Fisher Exact 
BMI: Body mass index 
p: p value for comparing between the two studied groups 
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Unlike the rest of the cases in both groups, group A had 3 cases (30%) who had 

undergone concomitant cholecystectomy with the LSG and had 2 cases (20%) who were still 

smoking. 

Group A patients developed de novo GERD symptoms, had high MI-GERD HRQL 

score with a median of 39.50 (28.0 – 54.0) and needed a revisional bariatric surgery, while 

Group B patients were asymptomatic with regular follow up course with a low MI- GERD 

HRQL score of a median of 8.0 (6.0 – 9.50) which was statistically significant between both 

groups as shown in figure (25). 

 
Figure (25):  Comparison between the two studied groups according to QOL (MI-

GERD HRQL) 

Group A patients started to complain after 14.0 (9.0 – 22.0) months after the LSG. The 

time interval between the LSG and the investigations was 58.0 (44.0 – 78.0) months and 12.0 

(10.50 – 12.0) months for group A and group B respectively. 

All patients in group A were on full doses of different molecules of proton pump 

inhibitors (PPIs) with incomplete response, while all the cases in group B stopped the PPIs 

gradually after the LSG. 
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Diagnostic results 

For group A, the EGD revealed esophagitis in 6 patients (60%) with no cases of 

Barrett’s metaplasia; 3 patients (30%) with GERD Los Angeles classification grade A (GERD 

LA-A) and 3 patients (30%) with GERD LA-B. One case (10%) had esophageal dilatation, 7 

cases (70%) had a small hiatal hernia, 1 case (10%) had Helicobacter Pylori infection with the 

rapid urease test (RUT), and all the cases (100%) had a normal gastric pouch configuration.  

Regarding the barium study for group A, 1 case (10%) had esophageal dilatation with 

no tortuosity. Four cases (40%) had signs of GERD and 6 cases (60%) had small hiatal 

hernias; 4 cases (40%) had < 2 cm in size, while 2 cases (20%) had a hernia of a size of 2-4 

cm. All cases (100%) had normal configuration of the gastric pouch and duodenal emptying. 

There were no significant differences between the presence and sizes of hiatal hernias in 

barium studies with different functional parameters for group A cases as shown in table (II). 
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Table (II): Relation between Hiatal hernia (Barium) with different functional 

parameters in GERD group (n = 10) 

 Hiatal hernia (cm) (Barium) 

p  No 
(n = 4) 

< 2 cm 
(n = 4) 

2-4 cm 
(n = 2) 

 No. % No. % No. % 
EGD        

GERD (Los Angeles)       

0.223 
No 3 75.0 1 25.0 0 0.0 
A 1 25.0 2 50.0 0 0.0 
B 0 0.0 1 25.0 2 100.0 

Barium        
GERD       

0.371 No 3 75.0 3 75.0 0 0.0 
Yes 1 25.0 1 25.0 2 100.0 

MII pH     
Number of refluxes     

    
0.208 

Median (Min. – Max.) 40 (19 – 126) 105 (67 – 146) 56.5 (30 – 83) 
AET (%)     

    
0.360 

Median (Min. – Max.) 6.30 (0 – 9.10) 13.5(0.2 – 29.3) 8.20 (6.8 – 9.6) 
DeMeester score     

    
0.424 

Median (Min. – Max.) 19.8(0.6 – 26.5) 46.9(1.1–103.1) 28 (18.9 – 37.1) 
HRM     

LES basal pressure 
(mmHg)     

    
0.620 

Median (Min. – Max.) 14 (2.6 – 41.1) 11.9(7.9 – 16.7) 15.5(11.6–19.4) 

EGD: Esophagogastroduodenoscopy   GERD: Gastroesophageal reflux disese 

MII pH: Multichannel intraluminal impedance pHmetry AET: Acid exposure time  

HRM: High resolution manometry   LES: Lower esophageal sphincter 

p: p value for Relation between Hiatal hernia (Barium) with different parameters 
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Functional results 

The data obtained with the MII pHmetry show that there was a statistically significant 

difference between the two groups regarding the total number of reflux (74.50 (30.0 – 126.0) 

for group A and 22.5 (13.5 – 41.5) for group B), and the number of acidic refluxes (27.0 (17.0 

– 72.0) for group A and 4.0 (1.0 – 6.50) for group B) with p-values of 0.045 and 0.024 

respectively as shown in figure (26). 

 
Figure (26): Comparison between the two studied groups according to total number of 

reflux and acidic reflux 

Comparing the two groups, there were no significant differences regarding the bolus 

exposure time%, it was above the normal range in 7 cases (70%) of group A, and in 1 case 

(25%) of group B with a p-value of 0.142. Same findings were found regarding the presence 

of pathological acid exposure time% and DMS which were observed in 8 cases (80%) of 

group A, while no cases were observed from group B with a p-values of 0.142 and 0.106 

respectively. The data obtained with the MII pHmetry are summarized in table (III). For 

group A cases, there was no significant correlation between the QOL (MI-GERD HRQL) 

with both DMS (p- value 0.374), and endoscopic findings of GERD (p- value 0.552). 
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Table (III): Comparison between the two studied groups according to MII pH 

MII pH GERD 
(n = 10) 

Asymptomatic 
(n = 4) p 

Number of refluxes   
0.045* Min. – Max. 19.0 – 146.0 13.0 – 52.0 

Median (IQR) 74.50 (30.0 – 126.0) 22.5 (13.5 – 41.5) 
AET (%)   

0.142 Min. – Max. 0.0 – 29.30 0.60 – 6.70 
Median (IQR) 8.25 (5.20 – 9.60) 2.05 (1.15 – 4.55) 

Acidic reflux   
0.024* Min. – Max. 2.0 – 120.0 0.0 – 7.0 

Median (IQR) 27.0 (17.0 – 72.0) 4.0 (1.0 – 6.50) 
Weak acidic reflux   

0.839 Min. – Max. 5.0 – 65.0 8.0 – 45.0 
Median (IQR) 18.0 (8.0 – 62.0) 21.0 (10.50 – 37.0) 

Mixed reflux  
(Liquid & Gaseous)   

0.106 Min. – Max. 3.0 – 46.0 0.0 – 19.0 
Median (IQR) 16.0 (8.0 – 22.0) 5.50 (2.50 – 12.50) 

Bolus exposure time 
(%)   

0.142 Min. – Max. 0.20 – 16.10 1.20 – 1.80 
Median (IQR) 4.10 (1.70 – 9.70) 1.65 (1.40 – 1.75) 

DeMeester score   
0.106 Min. – Max. 0.60 – 103.1 2.10 – 10.70 

Median (IQR) 24.0 (16.90 – 37.10) 4.75 (2.45 – 8.70) 

MII pH: Multichannel intraluminal impedance pHmetry AET: Acid exposure time  

GERD: Gastroesophageal reflux disease   IQR: Inter quartile range 

p: p value for comparing between the two studied groups 

*: Statistically significant at p ≤ 0.05 
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Using the HRM and according to Chicago classification v4.0, group A had 1 case (10%) 

with normal esophageal motility, 8 cases (80%) with inefficient esophageal motility (IEM), 

and 1 case (10%) with manometric features of achalasia. For group B, all cases had normal 

esophageal motility except for 1 case (25%) with IEM.  

No significant differences were observed between the two groups except for the DCI, 

peristaltic wave amplitude, and the effectiveness of esophageal peristalsis. 

The DCI was 460.6(404.8–766.3) mmHg-cm-sec in group A and 1999.1(1402.5–

2630) mmHg-cm-sec in group B with a p-value of 0.004 as shown in figure (27). Three 

cases (30%) from group A and all cases from group B were within the normal range (500-

5000 mmHg-cm-sec). 

 

Figure (27):  Comparison between the two studied groups according to DCI (mmHg-

cm-sec) 
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The peristaltic wave amplitude was 40.55 (34.80 – 56.80) mmHg in group A patients 

and was 73.50 (54.90 – 85.10) mmHg with a p-value of 0.045 as shown in figure (28). 

 

Figure (28): Comparison between the two studied groups according to peristaltic wave 

amplitude (mmHg) 
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All cases in both groups had a degree of non-effective esophageal peristalsis%, which 

was in over 50% of the waves in 9 cases (90%) of group A (75.0 (60.0 – 100.0)%) and in 

none of the cases of group B (25.0 (10.0 – 40.0)%) with a p-value of 0.024. Figure (29) shows 

non-effective esophageal peristalsis in one of the studied cases. 

 

Figure (29): Non-effective esophageal peristalsis in a case of group (A) using HRM 

All cases in both groups had a DL with normal value (>4.5sec) except for 1 case (10%) 

of group A which was diagnosed as achalasia.  

Regarding the LES, no significant differences were found between the 2 groups. The 

LES basal pressure was reduced below the normal range (13-43mmHg) in 5 cases (50%) in 

group A (13.60 (8.10 – 18.20)mmHg) and in 1 case (25%) in group B (16.55 (11.15 – 

25.80)mmHg), while the LES relaxation % was below the normal range (>40%) in 2 cases 

(20%) in group A (61.0 (55.0 – 66.0)%) and in none of cases in group B (59.50 (58.0 – 

63.50)%) with p-values of 0.839 and 0.945 respectively. All cases in both groups had a 

normal IRP except for 1 case (10%) in group A who had an IRP higher than the normal range 

(<15mmHg) which was diagnosed as achalasia. 

Manometrically, there were 3 cases (30%) in group A with hiatal hernia with no intra-

abdominal LES, while this was noticed in 1 case (25%) in group B. 
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The IGP was elevated in all cases of both groups, which was 32.23 (20.97 – 46.27) 

mmHg for group A and 28.75 (18.45 – 36.25) mmHg for group B with a p-value of 0.733. The 

data obtained with the HRM are summarized in table (IV). 

Table (IV): Comparison between the two studied groups according to HRM 

HRM 
GERD 
(n = 10) 

Asymptomatic 
(n = 4) P 

No. % No. % 
Hiatal hernia      

No 6 60.0 3 75.0 FEp= 
1.000 Yes 4 40.0 1 25.0 

LES basal pressure 
(mmHg)   

0.839 Min. – Max. 2.60 – 41.10 7.20 – 33.60 
Median (IQR) 13.60 (8.10 – 18.20) 16.55 (11.15 – 25.80) 

LES relaxation (%)    
Min. – Max. 6.0 – 79.0 58.0 – 66.0 0.945 Median (IQR) 61.0 (55.0 – 66.0) 59.50 (58.0 – 63.50) 

Intra-abdominal LES (cm)    
Min. – Max. 0.0 – 2.50 0.0 – 1.0 0.839 Median (IQR) 0.70 (0.0 – 1.20) 0.75 (0.25 – 1.0) 

IRP (mmHg)    
Min. – Max. -1.30 – 37.90 3.50 – 6.90 

0.188    
Median (IQR) 7.30 (6.30 – 8.90) 5.85 (4.25 – 6.80) 

Non effective peristalsis 
(%)    

Min. – Max. 10.0 – 100.0 10.0 – 40.0 0.024* Median (IQR) 75.0 (60.0 – 100.0) 25.0 (10.0 – 40.0) 
Peristaltic wave 
amplitude (mmHg)    

Min. – Max. 9.20 – 74.40 41.80 – 91.20 0.045* Median (IQR) 40.55 (34.80 – 56.80) 73.50 (54.90 – 85.10) 
DCI (mmHg-cm-sec)    

Min. – Max. 68.0 – 1379.1 1117.0 – 2950.4 0.004* Median (IQR) 460.6(404.8–766.3) 1999.1(1402.5–2630) 
DL (sec)    

Min. – Max. 1.10 – 9.30 4.80 – 7.10 0.733 Median (IQR) 5.35 (5.0 – 6.40) 5.90 (5.20 – 6.65) 
IGP (mmHg)    

Min. – Max. 10.97 – 59.34 10.90 – 41.0 0.733 Median (IQR) 32.23 (20.97 – 46.27) 28.75 (18.45 – 36.25) 
HRM: High resolution manometry  FET: Fisher Exact Test    
GERD: Gastroesophageal reflux disease  DCI: Distal contractile integral   
IRP: Integrated relaxation pressure  LES: Lower esophageal sphincter   
DL: Distal latency    IGP: Intragastric pressure 
IQR: Inter quartile range 
p: p value for comparing between the two studied groups 
*: Statistically significant at p ≤ 0.05 
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There was no significant difference between the different parameters of HRM and the 

duration since the LSG was done in group A as shown in table (V). 

Table (V): Correlation between HRM with date of LSG (months ago) in GERD group 

(n = 10) 

  

HRM 

LES 

basal 

pressure 

(mmHg) 

LES 

relaxation 

(%) 

Intra-

abdominal 

LES (cm) 

Peristaltic 

wave 

amplitude 

(mmHg) 

DCI 

(mmHg-

cm-sec) 

DL  

(sec) 

IGP 

(mmHg) 

Date since LSG  

(months) 

rs -0.115 0.430 -0.207 -0.042 -0.042 0.370 -0.539 

P 0.751 0.214 0.566 0.907 0.907 0.293 0.108 

rs: Spearman coefficient    HRM: High resolution manometry 
LSG: Laparoscopic sleeve gastrectomy  LES: Lower esophageal sphincter 
p: p value for Relation between HRM with date since LSG (months) in GERD group 

Regarding the correlation between the different parameters of the HRM with GERD detected 

in the EGDs and the barium studies for group A cases, there were no significant differences detected 

except for the relation between the IGP and the GERD observed in the EGDs which were 20.8(11–

27.4)mmHg when there was no reflux, 27.3(21–46.3)mmHg for GERD LA-A, and 49.2(39.3–

59.3)mmHg for GERD LA-B with a p-value of 0.046 as shown in figure (30). 

 
Figure (30): Relation between IGP (mmHg) with GERD LA (EGD) in GERD group  

(n = 10) 
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The data correlating the different parameters of the HRM with GERD detected in the 

EGDs and the barium studies in group A cases are summarized in tables (VI) and (VII). 

Table (VI): Relation between HRM with GERD LA (EGD) and GERD (Barium) in 

GERD group (n = 10) 

 N 

HRM 
LES basal pressure 

(mmHg) 
LES relaxation 

(%) 
Intra-abdominal LES 

(cm) 
Peristaltic wave amplitude 

(mmHg) 
Median  

(Min. – Max.) 
Median  

(Min. – Max.) 
Median  

(Min. – Max.) 
Median  

(Min. – Max.) 
EGD  

 
 

14(8.1–41.1) 
15.6(2.6–16.7) 
11.6(7.9–19.4) 

 
 

38.5(6.0–68.0) 
64.0(63.0–66.0) 
59.0(58.0–79.0) 

 
 

1.20 (0–2.50) 
0.60 (0–1.80) 
0.0 (0–0.80) 

 
 

34.9(9.2–74.4) 
54.7(38.4–66) 
42.7(33.8–57) 

GERD 
LA  

No 4 
A 3 
B 3 

H(p)  0.482(0.786) 2.300(0.317) 2.063(0.357) 1.182(0.554) 
Barium   

 
16.2(8.10–41.1) 
9.75(2.60–19.4) 

 
 

59(6.0–68.0) 
62.5(58.0–79.0) 

 
 

0.90(0–2.50) 
0.40(0–1.80) 

  
GERD    

No 6 41.07±21.89 36.7(9.2–74.4) 
Yes 4 49.83±14.35 49.8(33.8–66) 

U(p)  7.0(0.352) 7.0(0.352) 10.0(0.762) 9.0(0.610) 

SD: Standard deviation    U: Mann Whitney test   H: Kruskal Wallis test 
HRM: High resolution manometry LES: Lower esophageal sphincter EGD: Esophagogastroduodenoscopy 
p: p value for Relation between HRM with GERD LA (EGD) and GERD (Barium) 

Table (VII): Relation between HRM with GERD LA (EGD) and GERD (Barium) in 

GERD group (n = 10) "continue" 

 N 

HRM 
DCI (mmHg-cm-sec) DL (sec) IGP (mmHg) 

Median  
(Min. – Max.) 

Median  
(Min. – Max.) 

Median  
(Min. – Max.) 

EGD   
 

589.5(68–823.4) 
492(429.5–584) 
405(156–1379) 

 
 

6.25(1.10–9.30) 
5.40(4.80–6.40) 
5.30(5.0–5.80) 

 
 

20.8(11–27.4) 
27.3(21–46.3) 

49.2(39.3–59.3) 

GERD Los 
Angeles  

No 4 
A 3 
B 3 

H(p)  0.164(0.921) 0.200(0.905) 5.500(0.046*) 
Barium   

 
460.6(68–823.4) 
495(156–1379) 

 
 

5.90(1.10–9.30) 
5.15(4.80–5.80) 

 
 

23.2(11–46.3) 
44.3(27.3–59.3) 

GERD  
No 6 
Yes 4 

U(p)  12.0(1.000) 7.0(0.352) 3.0(0.067) 
SD: Standard deviation    U: Mann Whitney test   H: Kruskal Wallis test 
HRM: High resolution manometry  EGD: Esophagogastroduodenoscopy 
DCI: Distal contractile integral  DL: Distal latency  IGP: Intragastric pressure 
GERD: Gastroesophageal reflux disease 
p: p value for Relation between HRM with GERD LA (EGD) and GERD (Barium) 
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When correlating between the different parameters of both functional investigations in 

group A, there were significant differences between the IGP and AET% and so with the DMS 

with p-values of 0.006 and 0.009 respectively as shown in figures (31) and (32). All data 

regarding the correlation between different parameters of HRM and MII pH are summarized 

in table (VIII).  

 
Figure (31): Correlation between AET (%) with IGP (mmHg) in GERD group (n = 10) 

 
Figure (32): Correlation between IGP (mmHg) with DeMeester score in GERD group 

(n = 10) 
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Table (VIII): Correlation between HRM with different MII pH parameters in GERD 

group (n = 10) 

  

HRM 

LES 
basal 

pressure 
(mmHg) 

LES 
relaxation 

(%) 

Intra-
abdominal 
LES (cm) 

Peristaltic 
wave 

amplitude 
(mmHg) 

DCI 
(mmHg-
cm-sec) 

DL  
(sec) 

IGP 
(mmHg) 

MII pH         

Number of 
refluxes 

rs -0.370 -0.333 -0.401 0.139 0.406 0.418 0.503 

p 0.293 0.347 0.250 0.701 0.244 0.229 0.138 

AET (%) 
rs -0.462 -0.146 -0.472 0.298 0.389 0.134 0.796* 

p 0.179 0.688 0.168 0.403 0.266 0.713 0.006* 

Bolus exposure 
time (%) 

rs -0.321 -0.091 -0.320 0.055 0.188 0.455 0.406 

p 0.365 0.803 0.367 0.881 0.603 0.187 0.244 

DeMeester score 
rs -0.455 -0.152 -0.502 0.261 0.382 0.164 0.770* 

p 0.187 0.676 0.139 0.467 0.276 0.651 0.009* 

rs: Spearman coefficient      HRM: High resolution manometry 
LES: Lower esophageal sphincter     DCI: Distal contractile integral 
DL: Distal latency      IGP: Intragastric pressure 
MII pH: Multichannel intraluminal impedance pHmetry  AET: Acid exposure time 
*: Statistically significant at p ≤ 0.05 
p: p value for Relation between HRM with different MII pH parameters in GERD group 
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Utilization of the new technology, the impedance, with the HRM showed that the bolus 

clearance % and the BTT were both affected in group A than in group B but with no 

significant difference. 

In group A, the median incomplete bolus clearance % was 35.0 (10.0 – 80.0) % with 5 

cases (50%) who had abnormal bolus transit. The median BTT was 11.05 (8.10 – 12.1) sec. 

with 5 cases (50%) above the normal range. Figure (33) shows a case of incomplete bolus 

clearance. 

 

Figure (33): Incomplete bolus clearance in a case of group (A) using HRIM 

  



 

85 

In group B, the median incomplete bolus clearance % was 0.0 (0.0 – 25.0) % with 1 

case (25%) who had abnormal bolus transit. The median BTT was 7.80 (7.15 – 8.55) sec. with 

none of the cases were above the normal range. 

The data obtained with the HRIM are summarized in table (IX). 

Table (IX): Comparison between the two studied groups according to HRIM 

HRIM GERD 
(n = 10) 

Asymptomatic 
(n = 4) p 

Incomplete bolus 
clearance (%)    

Min. – Max. 0.0 – 100.0 0.0 – 50.0 
0.142 

Median (IQR) 35.0 (10.0 – 80.0) 0.0 (0.0 – 25.0) 

BTT (sec)    
Min. – Max. 6.80 – 39.90 6.90 – 8.90 

0.142 
Median (IQR) 11.05 (8.10 – 12.1) 7.80 (7.15 – 8.55) 

IQR: Inter quartile range    GERD: Gastroesophageal reflux disease 
HRIM: High resolution impedance manometry BTT: Bolus transit time  
p: p value for comparing between the two studied groups 
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On detecting the relation between the unique measurements of the HRIM with the other 

clinical and functional findings in group A, there were significant differences between the 

BTT and QOL (according to the MI- GERD HRQL score) with a p-value of 0.049 as shown 

in figure (34). Also, this was noticed between the BTT and the LES relaxation % with a p-

value of 0.045 as shown in figure (35). No other significant correlation between HRIM and 

different parameters in group A was found. All these data are summarized in table (X). 

 
Figure (34): Correlation between BTT (sec) with QOL (MI-GERD HRQL) in GERD 

group (n = 10) 

 
Figure (35): Correlation between BTT (sec) with LES relaxation (%) in GERD group 

(n = 10) 
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Table (X): Correlation between HRIM with different parameters in GERD group  
(n = 10) 

 

HRIM 

Incomplete 
bolus clearance 

(%) 
BTT (sec) 

rs p rs P 

BMI (kg/m2) 0.159 0.661 -0.115 0.751 

QOL (MI-GERD HRQL) 0.574 0.083 0.614* 0.049* 

MII pH     
Acidic reflux 0.177 0.624 0.212 0.556 
Bolus exposure time (%) 0.269 0.452 0.091 0.803 
DeMeester score 0.043 0.907 0.067 0.855 

HRM     

LES basal pressure (mmHg) 0.245 0.496 0.370 0.293 

LES relaxation (%) -0.514 0.129 -0.624* 0.045* 
IRP (mmHg) 0.367 0.297 0.539 0.108 
Non effective peristalsis (%) 0.153 0.674 0.043 0.906 
Peristaltic wave amplitude 
(mmHg) -0.257 0.474 -0.079 0.829 

DCI (mmHg-cm-sec) -0.239 0.507 -0.018 0.960 
DL (sec) -0.251 0.485 -0.248 0.489 
IGP (mmHg) 0.165 0.648 0.115 0.751 

rs: Spearman coefficient   HRIM: High resolution impedance manometry 
BTT: Bolus transit time   BMI: Body mass index 
QOL: Quality of life   HRM: High resolution manometry 
LES: Lower esophageal sphincter  IRP: Integrated relaxation pressure 
DCI: Distal contractile integral  DL: Distal latency  IGP: Intragastric pressure 
MI- GERD HRQL: Modified italian- Gastroesophageal reflux disease health related quality of life 
p: p value for Relation between HRIM with different parameters in GERD group 
*: Statistically significant at p ≤ 0.05 
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On the other hand, there was no significant difference between the unique HRIM 

parameters with other different diagnostic parameters in group A cases as shown in table (XI). 

Table (XI): Relation between HRIM with different parameters in GERD group  

(n = 10) 

 N 

HRIM 

Incomplete bolus clearance 
(%) BTT (sec) 

Median  
(Min. – Max.) 

Median  
(Min. – Max.) 

EGD 
 

 
 
 

 GERD (Los 
Angeles) 

No 4 55.0 (0.0 – 100.0) 11.90 (7.10 – 39.9) 
A 3 30.0 (10.0 – 40.0) 9.20 (8.10 – 11.5) 
B 3 50.0 (0.0 – 100.0) 12.0 (6.80 – 12.1) 

H(p)  0.479 (0.787) 0.891 (0.641) 

Barium 
Hiatal hernia 
(cm) 

   

No 4 20.0 (0.0 – 100.0) 9.35 (7.10 – 39.90) 
< 2 cm 4 60.0 (30.0 – 100.0) 11.75 (9.20 – 13.2) 
2-4 cm 2 25.0 (0.0 – 50.0) 9.45 (6.80 – 12.10) 

H(p)  1.688 (0.430) 0.764 (0.683) 

SD: Standard deviation   H: Kruskal Wallis test 

GERD: Gastroesophageal reflux disease EGD: Esophagogastroduodenoscopy 

HRM: High resolution manometry BTT: Bolus transit time 

p: p value for Relation between HRIM with different parameters 
  



 

89 

DISCUSSION 

The relationship between LSG and GERD is complex and involves multiple factors. 

The impact of LSG on gastroesophageal function remains uncertain. Some studies suggest a 

heightened occurrence of GERD following LSG,(78, 79) others have reported improvement of 

reflux postoperatively.(52, 80) 

Several anatomical factors and physiological mechanisms have been suggested to 

account for the higher incidence of GERD following LSG. These include a weakened LES 

due to decreased pressure, alteration of the angle of His, removal of supportive sling fibers, 

diminished gastric compliance leading to increased intragastric pressure, delayed gastric 

emptying, late dilation of the sleeve, and the development of hiatal hernias. Conversely, 

factors associated with reduced GERD post-LSG include weight loss, restoration of the angle 

of His, decreased gastric acid production, and faster gastric emptying. 

The studies investigating GERD and esophageal function after LSG are heterogeneous 

and most of them have reported symptoms evaluation with few assessing objectively the 

GERD and esophageal function using ambulatory 24-hour pH monitoring and conventional 

manometry. 

This prospective study was aiming to assess objectively the impact of LSG on GERD 

(besides the questionnaire for symptomatology and the routine investigations as endoscopy 

and barium studies) using the new diagnostic technologies; HRIM and MII pH as the effect of 

sleeve gastrectomy on GERD is multifactorial. 

The key advantage of this novel technology, HRIM, over HRM lies in its ability to 

provide a more comprehensive assessment of esophageal function as it combines the high-

resolution pressure measurements of HRM with the added capability of impedance 

monitoring (using differences in resistance to alternating current between air, bolus, and 

esophageal wall), which allows for the detection and characterization of bolus movement and 

reflux events within the esophagus. This integrated approach enables HRIM to offer a more 

detailed evaluation of esophageal motility and bolus transit (without radiation), which is 

crucial for the diagnosis and management of conditions such as GERD. 
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While HRIM presents both esophageal pressure topography and bolus disposition 

together in a single graphic, enabling a comprehensive evaluation of peristaltic integrity, there 

is a notable scarcity of data analyzing its metrics following LSG.  

For instance, Mion et al. performed a retrospective analysis of 53 patients who 

developed unexplained upper GI symptoms after SG and were evaluated with HRIM.(81) He 

found that GERD after LSG was frequently observed (52%) due to IIGP causing impedance 

reflux episodes. It is worth mentioning, that his cases had low mean LES pressure of 6± 

2mmHg and mean DCI of 1313± 439mmHg/cm/sec, as this was not the case in our series 

where the LES pressure was not affected and the DCI was significantly reduced making the 

failure in clearing the esophageal bolus more evident than the impedance reflux. 

Also, del Genio et al. studied a total of 25 patients (without pre-operative symptoms of 

GERD, but had significant postoperative increase in DMS) who had undergone LSG, and 

performed HRIM and MII pH before and after surgery.(82) After the surgery, the author 

observed persistent LES function without improvement, increased ineffective peristalsis, 

elevated IGP, and decreased esophageal transit. This was evidenced by a rise in ineffective 

peristaltic waves and a reduction in complete bolus transit. Specifically, the median 

percentage of impedance complete bolus transit decreased significantly from 90% to 50% 

(p<0.0001) following sleeve surgery. This was similar to our findings where the median 

percentage of impedance complete bolus transit was 65% in the GERD group, while it was 

100% in the asymptomatic group. He also found that median bolus transit time did not change 

after LSG (8.0 vs. 8.6 sec.), while we found that the median BTT was elevated in the GERD 

group than the other group but without significant differences (11.1 vs 7.8 sec.), this may be 

attributed to the difference in the efficacy of the esophageal motility between our two studied 

groups (peristaltic waves amplitude and DCI were not mentioned in his study) and the 

presence of a case with post-SG achalasia type II in our GERD group. 

Although our study had a smaller sample size than the first study mentioned, it was 

prospective in nature. We also correlated the results of the two novel technologies, HRIM and 

MII pH. Evaluations in the second study were performed after the LSG at a median interval of 

13 months, while in our study, the median interval was 58 months. 

In our study, a correlation -though not statistically significant- was observed between 

the presence and size of hiatal hernia and both the median percentage of incomplete bolus 

clearance and bolus transit time (BTT). Patients with hiatal hernias tend to exhibit higher 
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percentages of incomplete bolus clearance and longer BTT, suggesting that anatomical 

changes in the stomach and esophagus influence esophageal motility. This observation aligns 

with findings by Conrado et al., who reported that GERD patients with hiatal hernias had a 

prevalence of esophageal dysmotility of 14.8%, compared to 7.7% in those without hiatal 

hernias (p = 0.041).(83) 

On the other hand, there was significant inverse relationship between the BTT and the 

LES relaxation% in the GERD group; the more relaxed the LES, the faster the bolus 

propagates. This might be due to differences in pressure gradients. 

Interestingly, there was a significant correlation between the BTT and the QOL (MI-

GERD HRQL) in the GERD group. Patients with longer BTT had more score in the MI-

GERD HRQL questionnaire, and so worse QOL. This was in concordance with Zhaoyu et al. 

who was studying symptomatizing patients with esophageal motility disorders -but not after 

LSG- and found that the BTT in the patients with GERD was significantly longer than that in 

the patients without GERD (the median values were still less than 11 seconds).(60) The 

significance of BTT, alongside the percentage of complete bolus transit on impedance, in 

assessing esophageal function warrants further investigation. These metrics might serve as 

valuable decision making tools about whether to proceed with SG and could also be useful in 

postoperative follow-up evaluations. 

Data regarding other manometric changes after LSG are also controversial. In our study 

comparing both groups, the LES parameters were near, but the trends of increased impaired 

motility and increased gastric pressure seemed to have affected reflux. 

Braghetto et al.(84) observed a notable decrease in LES pressure among 85% of patients 

six months after undergoing LSG, as indicated by conventional manometry. This finding was 

attributed to partial sectioning of the sling fibers located at the cardia, suggesting a correlation 

between surgical intervention and physiological changes in LES function over the follow-up 

period. Burgerhart et al.(62) studied fifteen patients who have experienced a reduction in LES 

pressure three months post-surgery, despite no observed changes in their peristalsis. 

In contrast, Petersen et al.(85) showed that higher pressures in the LES may offer 

protection against GERD, potentially linked to differences in surgical methods. Kleidi et al.(86) 

studied the impact of LSG on the function of the LES and symptoms of GERD in 23 obese 

individuals who did not show symptoms. He found notable increases in both total and 
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abdominal lengths of the LES, as well as higher pressure. Additionally, peristalsis amplitude 

in the lower esophagus decreased because of the procedure. Del Genio et al.(82) did not find 

any difference in LES pressure but an increased ineffective motility at 1 year in 25 subjects. 

The paradoxical outcomes observed in these results were somewhat expected, 

considering the complex impact of sleeve gastrectomy on GERD. Factors contributing to this 

complexity include the lack of a standardized technique for LSG, varying intervals between 

surgery and assessment, and diverse methods and parameters used in evaluating esophageal 

conditions. These variables likely contribute to the contradictory findings seen in studies 

examining the relationship between sleeve gastrectomy and GERD. 

We did not observe significant differences in LES abdominal length, pressure, and 

relaxation between the two studied groups but there was significant difference in the 

effectivity of the esophageal peristalsis between both groups of patients.  

These findings indicate that isolated LSG may not have a detrimental impact on the 

LES. They underscore the critical role of surgical technique, emphasizing the careful 

dissection of the angle of His while maintaining a safe distance from the gastroesophageal 

junction. 

One case from the GERD group was diagnosed as achalasia type II (IRP 37.9 mmHg 

and absent contractility with panesophageal pressurization), which is a rare finding after LSG 

as mentioned in the systematic review of Crafts et al. and was planned for a heller 

cardiomyotomy with the revisional surgery.(87) 

The findings revealed a notable disparity in DCI between the two groups under study, 

indicating a marked decline in the rhythmic contractility of the esophageal smooth muscle. It 

appears that LSG results in diminished strength and efficacy of peristaltic esophageal 

contractions needed to propel food towards the gastric sleeve, potentially leading to stasis and 

ineffective clearance of regurgitated gastric contents. 

Interestingly, the esophageal amplitude pressure was significantly reduced in the GERD 

group which was significant between the two groups. From a physical point of view, it is 

anticipated that the amplitude pressure might be decreased to compensate for the weakened 

LES to create a new balance. 
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Increased intragastric pressure following sleeve gastrectomy is a notable physiological 

factor directly linked to reflux, a condition observed in a significant majority of patients, 

surpassing 75%.(81, 88) This phenomenon is a predictable outcome, where following sleeve 

gastrectomy (SG), there is a decrease in gastric volume and distensibility. This leads to increased 

effacement of the LES, thereby contributing to reflux. Over time, typically by 36 months post-SG, 

the gastric tube widens and becomes more compliant. This alteration reduces the pressure gradient 

between the esophagus and stomach, ultimately resulting in a decrease in gastroesophageal reflux. 

In disagreement with this concept and agreement with Mion et al,(81) we observed patients with 

reflux symptoms and esophagitis up to 90 months after sleeve. This might also be due to weight 

regain and increased BMI of some cases affecting the IGP. 

We found that the degree of GERD observed in the EGDs was significantly 

proportional to the elevated IGP. Del Genio et al.(82) described that reflux episodes after SG 

were linked to increased intragastric pressure. Our results confirmed this observation, as IIGP 

was higher in the group of patients with GERD and this was supported by our MII-pH 

findings showing a significant proportional increase in DMS. We believe that most of the 

GERD following LSG is because the IIGP causes the reflux of the gastric contents through 

the -non-significantly- affected LES, which cannot be pushed back again to the stomach 

because of the impaired esophageal motility. 

Another new method for GERD assessment is MII pH, as it can distinguish more reflux 

episodes than the 24h-pHmetry based upon use of physical and chemical parameters of the 

refluxate. The prevalence of newly developed GERD among patients following LSG shows 

considerable variability across different studies, ranging widely from 5% to as high as 69%,(41, 89) 

depending on the postoperative follow-up, and the criteria for diagnosis of GERD at 24-h 

pH/impedance monitoring. 

Research findings regarding the impact of LSG on acid exposure have sparked debate 

due to conflicting results. Some studies have indicated a notable rise in total acid exposure 

levels during the 12-month follow-up period.,(89) while others found a significant decrease in 

total acid exposure within their group of patients.(41)  

There was a difference between the two groups in the AET% and DeMeester score but 

they were not significant. It might be in part associated with the marked increase of PPI use 

after LSG, although all patients were required to discontinue all gastric antisecretory 

medications at least 15 days before the study. 
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There are many examples of a significant rise in the DeMeester score with 24-h pH 

monitoring.(90, 91) However, some studies have indicated that there is no significant change or 

even a decrease in the score.(41, 92) 

Of the parameters forming the DeMeester score, a significant difference between our two 

groups was seen in the total number of reflux episodes (and number of acidic refluxes). This was 

close to the findings of Doulami et al where 83.33% of his patients suffered from GERD after 

LSG with the number of acidic reflux episodes increased from 37 to 61.4 (P < 0.005).(93) 

We noted that these findings were significantly related to the increase in IGP as 

explained by del Genio,(82) and some sort of decrease seen in the LES pressure. 

There is significant variability in the rate of gastroesophageal reflux symptoms 

following sleeve surgery, and many of these studies lack objective evaluations such as 

endoscopic examinations, manometry, or acid reflux tests.(94, 95) 

From a clinical point of view, our GERD group of patients reported through the MI-

GERD HRQL questionnaire a significant increase in the presence of reflux symptoms in 

comparison to the asymptomatic group. GERD-HRQL–related symptoms had no correlation 

with endoscopic findings, supporting what was stated in the systematic review of Oor et al.(96) 

about sleeve gastrectomy and GERD.  

When comparing the subjective MI-GERD HRQL score and DeMeester score, in our 

study most patients had scores that corresponded however, did not reach significance and we 

were unable to draw satisfactory conclusions about the correlation. This was also seen in the 

study of Tien el al.(97) who assessed 25 patients before and after SG with HRIM, 24-hour 

multichannel intraluminal impedance combined with pH testing (MII-pH), but with 

Gastroesophageal Reflux Disease Symptom Assessment Scale (GSAS) score. 

The need for PPI treatment is mentioned by many authors.(78, 98) All of our patients were 

taking PPIs unlike what was mentioned by others,(84) where 57.2% only of their patients were 

taking PPIs due to reflux symptoms. 

Proton pump inhibitors (PPIs) were administered irrespective of the presence of 

esophagitis detected through esophagogastroduodenoscopy, as the absence of esophagitis 

does not rule out the diagnosis of GERD. Additionally, at least a partial response to the 



 

95 

treatment was achieved in these patients. It has been documented that approximately 50% of 

patients with GERD do not exhibit mucosal changes.(99)  

New-onset esophagitis after the operation was seen in 60% of the patients of group A, 

which was also seen in other studies with a range of new onset esophagitis after LSG of 6.5% 

to 66.7%.(78, 84, 100) There were no cases of Barrett’s metaplasia which is near to Braghetto’s 

findings (1.2%) on 231 patients,(101) which might be due to the strict endoscopic follow up of 

cases, low severity of GERD (according to LA classification) and the use of PPIs. 

In 60% of the patients of group A, a hiatal hernia was found but it was not correlated 

with DMS. These findings are not like the findings of Braghetto et al.,(84) where in 60.8% of 

patients a hiatal hernia with sleeve migration into the mediastinum (nearly 5 cm) was found 

and it strongly correlated with reflux. This is because the hernia sizes in all our cases were 

small (<4cm) and did not significantly differ; therefore, the effect of hiatal hernia on DMS is 

uncertain. 

These varied findings prompt the need for a thorough investigation into the hiatus 

during SG and the consideration of preventive techniques, such as hiatal hernia repair, if 

necessary.(102) However, the efficacy of these techniques on postoperative GERD remains 

questionable.(103) 

Another rationale behind the progression of esophagitis after LSG is gastric 

morphology.(104) According to Dias da Silva et al.,(105) 28.3% of his patients with esophagitis 

post-LSG exhibited abnormalities in the gastric tube, with the most common alterations being 

gastric dilation, gastric twist, neo fundus formation, and hiatal hernia. In our study, 60% of 

patients in the GERD group had a hiatal hernia. Although the size of the gastric tube was not 

measured (due to the lack of CT scans done, which are more accurate than barium studies 

which still do not have one method that could be applied and recommended in every bariatric 

center and could be called golden standard for gastric remnant volume evaluation(106)), it can 

be indirectly inferred since over 50% of patients in group A had a BMI > 35 kg/m² and weight 

regain after surgery; highly raising the possibility of gastric dilatation. 

Daes et al.(107) observed a significant decrease in GERD symptoms (down to 1.5%) 

following LSG when specific technical measures were implemented, such as the complete 

removal of the fundus, avoiding torsion, and achieving a perfectly symmetric stapling. These 

adjustments help maintain the symmetry of the gastric tube, ensuring evenly distributed 
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intragastric pressure and thereby reducing reflux. This finding aligns with the study by 

Rebecchi et al.,(41) who concluded that reflux was a result of an imperfect sleeve rather than 

the standard surgical technique. 

Accelerated gastric emptying after SG was reported by Melissas.(103) Conversely, 

Bernstine et al. did not confirm the same findings.(108) In our study, we observed no cases of 

abnormal gastro-duodenal emptying. The discrepancies in these results could likely be 

attributed to differences in surgical techniques and the lack of scintigraphy utilization. 

The main limitations to this study: the sample size was limited as many patients 

refrained from the investigations (whose timings were also not standardized) which are 

considered minimally invasive. In addition, there was no correlation with the pre-LSG 

investigations, LSG data, and the intraoperative findings of the revisional surgery. 
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CONCLUSIONS 

This study explores common observations regarding HRIM and MII pH after LSG. It 

highlights a frequent rise in intragastric pressure and frequent occurrences of reflux episodes, 

which are linked to symptoms of GERD. These symptoms predominantly arise from 

ineffective esophageal motility causing bolus stasis rather than changes in LES pressure. 

HRIM and MII pH offer distinct metrics for assessing gastroesophageal functions, 

proving to be valuable in the ongoing monitoring of patients post-LSG, especially when upper 

gastrointestinal symptoms are inadequately explained by traditional methods such as upper GI 

endoscopy or barium studies. 

Further insights from larger cohorts with extended follow-up periods, incorporating pre-

LSG and intraoperative revisional surgery data, are necessary to deepen our understanding. 
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