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Abstract 
Background: Gallstones (cholelithiasis) are a prevalent digestive disorder affecting millions worldwide, with a higher incidence in women 
and older adults. While often asymptomatic, a significant minority develop symptoms or complications ranging from biliary colic to life-
threatening conditions like cholecystitis, cholangitis, and pancreatitis. 
Aim: This article provides a comprehensive clinical overview of gallstones for healthcare professionals, covering epidemiology, 
pathophysiology, diagnostic approaches, and evidence-based management strategies. 
Methods: The review synthesizes current medical knowledge on gallstone formation, which involves an imbalance in bile composition 
(supersaturation of cholesterol or bilirubin), gallbladder stasis, and genetic, metabolic, and microbial factors. Diagnosis relies heavily on 
clinical history, physical examination, and ultrasonography as the primary imaging modality, with additional roles for CT, MRI/MRCP, and 
HIDA scans. 
Results: Management is dictated by symptom presence and complication severity. Asymptomatic stones often require no intervention. For 
symptomatic or complicated disease, laparoscopic cholecystectomy is the definitive treatment. Endoscopic retrograde 
cholangiopancreatography (ERCP) is crucial for managing common bile duct stones, while conservative and medical therapies have limited, 
niche roles. 
Conclusion: Gallstone disease represents a significant clinical and economic burden. Accurate diagnosis and risk stratification are essential. 
Surgical removal of the gallbladder remains the cornerstone of treatment for symptomatic patients, providing durable symptom resolution and 
preventing complications. 
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_________________________________________________________________________________________________________________ 
1. Introduction 

    Gallstones rank among the leading causes of digestive system dysfunction both nationally and internationally. 
They produce a spectrum of clinical effects that range from intermittent discomfort to persistent pain. They also trigger acute 
processes that affect the pancreas biliary tree liver and other segments of the gastrointestinal tract. In the United States 
gallstone disease affects millions. More than 6.3 million men and 14.2 million women between ages 20 and 74 have 
gallstones. Most affected people remain without symptoms yet a measurable minority progress to symptomatic disease. 
Approximately ten percent develop symptoms within five years of detection and about twenty percent do so within twenty 
years. Prevalence rises with age and exceeds twenty five percent among women older than sixty years. [1] 

Stone formation reflects an interplay of metabolic influences environmental exposure and inherited predisposition. 
Stones vary in composition and in physical form. They may appear as fine particulate material or as discrete calculi that 
enlarge to several centimeters. Typically, mobile within the gallbladder lumen stones may become impacted either within the 
gallbladder body or at the cystic duct outlet. Fixation at these sites interferes with normal gallbladder contractile function 
reduces mucosal perfusion and fosters secondary infection. When stones impede bile flow and the gallbladder contracts 
against a partial obstruction, patients experience biliary colic. Biliary colic presents as episodic postprandial pain located in 
the epigastrium or the right upper quadrant and may reflect incomplete obstruction of the cystic or common bile duct. Early 
episodes are often self-limited and managed without hospital admission, but symptoms may persist or intensify leading to 
sustained inflammation and continuous pain. Prolonged or complete obstruction of the cystic duct precipitates acute 
cholecystitis while obstruction of the common bile duct predisposes to cholangitis and may trigger pancreatitis. Within hours 
of a sustained blockage the gallbladder wall becomes inflamed and bacteria from the gut may invade the biliary lumen. These 
processes can produce severe abdominal pain systemic inflammatory response and organ dysfunction. Chronic gallstone 
disease may lead to progressive scarring of the gallbladder wall and loss of contractile capacity resulting in biliary stasis and 
recurrent symptoms. [1] 
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Ultrasonography serves as the primary imaging modality for detecting gallstones. Stones are readily identified by 
ultrasound which provides high sensitivity for intraluminal calculi and permits assessment of gallbladder wall thickness and 
pericholecystic fluid that indicate inflammation. Computed tomography and magnetic resonance imaging also reveal stones in 
many cases and plain radiography can detect radiopaque calculi depending on their calcium content. Imaging complements 
clinical assessment and laboratory testing to define the acuity and complications of gallstone disease. Representative images 
demonstrate stone echogenicity on ultrasound and wall thickening with surrounding fluid on computed tomography consistent 
with acute cholecystitis. Treatment selection depends on clinical presentation severity and the presence of complications. For 
patients who experience recurrent biliary colic or who develop acute cholecystitis the accepted standard of care is 
laparoscopic removal of the gallbladder. This approach resolves symptoms and prevents further episodes by eliminating the 
reservoir that allows stone formation and impaction. In the United States surgeons perform approximately one million 
cholecystectomies each year with at least half of these procedures indicated for biliary colic or chronic cholecystitis. Surgical 
management follows thorough preoperative assessment and aims to minimize perioperative risk while restoring patient 
function. [2] 

Conservative measures and nonsurgical options retain a role for selected patients. Medical therapy for gallstones 
includes agents that dissolve cholesterol rich stones but these treatments apply only to limited stone types and require 
prolonged courses with variable success. Endoscopic techniques address stones lodged in the common bile duct and provided 
a pathway to relieve obstruction and to reduce the risk of pancreatitis and cholangitis. Where immediate intervention is 
necessary for infection or sepsis image guided drainage and antibiotic therapy form part of the initial management. Overall 
gallstone disease encompasses a broad clinical spectrum. Many individuals remain asymptomatic yet a substantial subset 
progress to recurrent biliary colic acute inflammation and systemic complications. Accurate diagnosis relies on physical 
history examination and targeted imaging with ultrasound as the frontline test. Definitive therapy for symptomatic or 
complicated disease is surgical removal of the gallbladder through a laparoscopic approach which remains the predominant 
treatment in contemporary practice. [1][2] 

 

 
Figure-1: Gallbladder Gallstones.  

Etiology: 

Bile acids originate in the liver through enzymatic conversion of cholesterol. Vitamin C facilitates this pathway by 
promoting hydroxylation steps that convert cholesterol into primary bile acids. Once secreted into the intestine, primary bile 
acids undergo bacterial and enzymatic transformations to yield secondary bile acids. Further modification by the intestinal 
microbiota or by hepatocytes produces tertiary bile acids. Structurally, bile acids possess a hydrophilic hydroxyl group, a 
conjugated glycine or taurine side chain, and a hydrophobic steroid nucleus, features that determine their solubility and 
detergent properties. [3] Gallstones form when soluble bile constituents precipitate and aggregate. The principal elements that 
nucleate and grow into calculi include cholesterol, pigments derived from hemoglobin breakdown, and a heterogeneous 
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mixture of calcium salts such as calcium bilirubinate, calcium phosphate, and calcium carbonate, along with cholesterol esters 
and fatty acids like palmitate. These solid components become entrapped within a mucinous glycoprotein matrix produced by 
the gallbladder epithelium. The matrix concentrates precipitated material and serves as a scaffold for crystal growth. Local 
mediators, including prostaglandins and lipid components such as arachidonyl lecithin, further facilitate crystallization and 
stone maturation. [4] 

Cholesterol predominates in the most common stone phenotype. Cholesterol stones arise when bile becomes 
supersaturated with cholesterol relative to bile salts and phospholipids. Conditions that increase cholesterol secretion or 
reduce bile salt concentration favor supersaturation and nucleation. Metabolic disorders, notably diabetes mellitus and related 
dysmetabolic states, correlate strongly with cholesterol stone formation. In contrast, pigment stones vary by composition and 
pathogenesis. Black pigment stones consist chiefly of calcium bilirubinate and develop in contexts of increased bilirubin 
turnover. Hemolytic states and chronic inflammatory disorders of the biliary tract or bowel that accelerate hemoglobin 
catabolism predispose to black stone formation. Brown pigment stones typically form in an infected biliary system. Bacterial 
or parasitic colonization introduces enzymes that deconjugate bilirubin and alter the chemical milieu, promoting formation of 
stones that contain mixed calcium salts, cholesterol fragments, and bile components. These brown stones commonly arise 
within the biliary ducts in the setting of cholangitis or biliary stricturing. [4][5] The nucleation and growth process depends on 
multiple host and local factors. Gallbladder stasis promotes concentration of lithogenic components and prolongs contact time 
between mucin and bile, increasing the probability of crystal aggregation. Impaired gallbladder motility can be functional or 
secondary to chronic inflammation and fibrosis. Mucin hypersecretion and changes in mucin glycosylation enhance its 
capacity to entrap crystals. Genetic influences modulate bile acid synthesis, cholesterol transporters, and mucin production, 
explaining familial clustering and ethnic differences in stone prevalence. Dietary and environmental factors also alter lipid and 
bile composition and thus influence stone risk. 

Anatomic and physiologic variants alter where stones originate and where they lodge. Primary gallbladder stones 
arise within the lumen of the gallbladder and may remain there indefinitely or migrate into the cystic duct or common bile 
duct. Migration and impaction explain the clinical presentations of biliary colic, acute cholecystitis, ascending cholangitis, and 
gallstone pancreatitis. Less commonly, primary calculi develop within the ductal system itself, particularly when stasis, 
infection, or obstruction present, creating a substrate for intraductal stone formation. [6] Overall, gallstone etiology reflects a 
multifactorial process. The balance among cholesterol solubility, bile salt concentration, mucin dynamics, gallbladder 
motility, genetic predisposition, metabolic co-morbidities, and biliary infection determines whether and what type of stones 
will form. Understanding these interacting mechanisms informs prevention strategies and guides clinical decisions regarding 
medical, endoscopic, or surgical management. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Common Bile Duct Stones.  
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Epidemiology 

Gallstone disease affects a substantial segment of the adult population in the United States and worldwide. National 
estimates indicate that roughly 14 million women and 6 million men aged 20 to 74 harbor gallstones. Health care utilization 
related to symptomatic cholelithiasis remains high; in 2023 symptomatic gallstones generated approximately 2 million 
ambulatory visits and 1 million emergency department encounters. Surgical management continues at scale, with an estimated 
605,000 outpatient and 280,000 inpatient laparoscopic cholecystectomies, in addition to 49,000 inpatient open 
cholecystectomies performed during that year. These figures reflect both the high prevalence of disease and its ongoing 
clinical and procedural burden. The frequency of gallstone disease rises with advancing age, and intervention rates have 
increased disproportionately among older adults, Hispanic populations, and women. Certain indigenous groups show 
particularly elevated prevalence estimates, with some reports citing rates as high as 70% in select cohorts. [7] The global 
pattern of gallstone composition displays notable geographic variation. Cholesterol-rich stones predominate in Westernized 
nations, and their incidence appears to be increasing. Estimates suggest that cholesterol gallstones may affect up to one fifth 
of the European population, a pattern that parallels the rising prevalence of metabolic disorders in those regions. In contrast, 
pigment stones derived from bilirubin remain more common in parts of the developing world. These pigment stones 
frequently correlate with underlying hemolytic conditions and with biliary infections that alter bilirubin metabolism and bile 
composition. The divergent etiologic profiles between high-income and low-income settings underscore the influence of 
environmental, infectious, and hematologic factors on stone pathogenesis. [8] 

Longitudinal outcome data show that most individuals with asymptomatic gallstones do not develop symptomatic 
disease in the short term, but a measurable minority progress to clinical manifestations over time. Approximately 10% of 
persons with incidentally detected gallstones develop symptoms within five years of diagnosis, and about 20% become 
symptomatic within two decades, corresponding to an annual transition rate on the order of 1% to 2% per year. Among those 
who develop symptoms, a smaller fraction of experience complication; estimates place the complication rate at roughly 1% to 
2% and identify common bile duct calculi as a frequent driver of adverse events. At the time of cholecystectomy, common 
duct stones are identified in 5% to 15% of patients, with the likelihood of ductal calculi increasing with patient age. Registry 
data from Sweden reported a detection rate of choledocholithiasis in approximately 11% of intraoperative cholangiograms 
performed for symptomatic gallstone disease. [9][2][10] Multiple host and lifestyle factors associate with heightened gallstone 
risk, particularly for cholesterol stones. In Western populations roughly three quarters of gallstones are cholesterol based. 
These stones cluster with metabolic disturbances including dyslipidemia, diabetes mellitus, obesity, and insulin resistance. 
Dietary patterns characterized by higher saturated fat and sugar intake and lower fiber consumption further promote lithogenic 
bile. Physical inactivity and physiologic states that reduce gallbladder contractility also contribute; rapid weight loss, 
prolonged fasting, and other conditions that blunt gallbladder emptying facilitate supersaturation of bile with cholesterol and 
favor nucleation. Genetic predisposition accounts for a substantial proportion of interindividual risk, with heritability 
estimates in the range of 25% to 30%, reflecting polymorphisms that affect hepatic cholesterol handling, bile acid synthesis, 
and biliary transport mechanisms. [3][11][12][5] 

Sex hormones exert a measurable effect on biliary physiology. Estrogen increases bile cholesterol content and 
diminishes gallbladder contractile response, mechanistic effects that translate into higher incidence among women. Women of 
reproductive age and users of estrogen-containing contraceptives exhibit roughly twice the risk of gallstone formation 
compared with men, a difference that narrows after menopause but contributes to the overall sex disparity in prevalence. 
Clinical implications of hormonal influence extend to pregnancy, hormone replacement therapy, and exogenous estrogen 
exposure in other settings. [13] Taken together, the epidemiology of gallstones reflects interactions among demographic 
trends, metabolic health, genetic predisposition, hormonal milieu, and infectious or hematologic pressures in specific 
populations. The disease imposes a sustained clinical load through ambulatory and acute care encounters and drives a large 
volume of elective and urgent surgical procedures. Shifts in population age structures, obesity prevalence, and metabolic 
disease incidence will continue to shape the future burden of gallstone disease and the demand for diagnostic and therapeutic 
services. 

 
Pathophysiology 

Gallstone formation begins when the chemical equilibrium of bile is disturbed, and solutes exceed their capacity to 
remain dissolved. Supersaturation of bile with cholesterol or pigment components permits nucleation of microscopic crystals. 
These crystals become entrapped in the gallbladder mucin layer, leading to the formation of sludge. Continued aggregation 
and accretion of crystalline material within the mucin scaffold produce macroscopic calculi that may enlarge over time and 
ultimately occupy substantial volume within the gallbladder lumen. Stones formed in this manner typically remain mobile but 
can migrate into the cystic or common bile ducts, where their presence may produce obstructive complications including 
ascending cholangitis and pancreatitis when biliary flow is interrupted. By contrast, pigment stones composed predominantly 
of calcium bilirubinate may develop primarily within the ductal system rather than the gallbladder lumen. [13][10] Multiple 
physiologic and pathologic states predispose to stone formation by promoting lithogenic bile, bile stasis, or both. Cirrhosis, 
procedures that impair autonomic control of the biliary tract such as spinal cord injury, and surgical alterations including 
gastrectomy increase the risk of stones by slowing gallbladder emptying or changing bile composition. Certain drugs, notably 
somatostatin analogs and estrogenic agents, alter bile secretion or gallbladder motility and thereby favor stone formation. 
Structural and functional changes in gallbladder innervation have been documented in patients with cholelithiasis, indicating 
that diminished neural input may contribute to impaired contractility and promote conditions favorable to nucleation and 
growth of stones. [11] 

Cholesterol stones arise when hepatic secretion of cholesterol and the presence of triglyceride-rich bile exceed the 
solubilizing capacity of bile acids and phospholipids. This imbalance induces mucin hypersecretion by the gallbladder 
mucosa, increases fasting gallbladder volume, and reduces postprandial emptying. Impaired intestinal transit and slowed 
motility further magnify the lithogenic state by altering enterohepatic cycling of bile acids. Excess biliary cholesterol also 
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provokes mucosal changes in the gallbladder wall, including hyperplasia and inflammation, which may perpetuate stasis and 
provide a microenvironment for crystal retention and growth. The pathogenesis of cholesterol gallstones therefore integrates 
metabolic, hormonal, microbial, and mechanical influences. [3][11][14] Dietary patterns and metabolic abnormalities 
modulate these processes. High intake of fructose accelerates hepatic gluconeogenesis and lipogenesis. Accumulated glycogen 
intermediates divert substrates into triglyceride synthesis, and resultant hypertriglyceridemia impairs gallbladder emptying 
through reduced responsiveness to cholecystokinin. Insulin resistance exacerbates this milieu by upregulating hepatic 
cholesterol synthesis via HMG-CoA reductase, increasing cholesterol secretion into bile, and reducing intestinal cholesterol 
absorption in a manner that further enhances hepatic cholesterol production. Obesity amplifies these effects by enlarging 
hepatocytes and altering perfusion, which contributes to metabolic signaling changes that favor lithogenesis. Consequently, 
gallstones both reflect and reinforce systemic metabolic dysfunction, establishing bidirectional relationships with disorders 
such as diabetes and dyslipidemia. [3][11][14] 

Molecular and transporter biology also govern biliary cholesterol load. Variations in cholesterol transporters affect 
the relative distribution of cholesterol between blood and bile. Lecithin and phospholipid lamellae play critical roles in 
solubilizing excess cholesterol; alterations in phospholipid homeostasis change the physical state of bile and influence 
formation of cholesterol hydrate crystals. These crystals provide nuclei for stone growth. In addition, local lipid mediators 
such as prostaglandins and arachidonyl lecithin modify membrane dynamics and facilitate crystallization. When gallbladder 
contractility is reduced, the residence time of bile increases and the window for crystallization expands. Phospholipid-
cholesterol interactions, mucin secretion, and inflammatory signaling converge to promote particle aggregation. [14] Immune 
and inflammatory responses materially influence stone development. Cholesterol crystals attract granulocytes and neutrophils, 
and neutrophils can release nuclear material, including DNA, onto the crystal surface. This extracellular DNA and associated 
neutrophil extracellular trap components create an adhesive substrate that promotes further crystal aggregation. The result is 
an incremental enlargement of stones driven by host inflammatory processes as well as physicochemical precipitation. Mucin 
glycoprotein changes that increase stickiness and entrapment of crystals amplify nucleation efficiency. These host responses 
explain why chronic inflammation of the gallbladder and repeated cycles of stasis accelerate stone growth and persistence. 
[5][11][14] 

Genetic determinants and pharmacologic modifiers alter individual susceptibility. Polymorphisms in genes 
regulating hepatic cholesterol secretion, apolipoprotein composition, mucin production, and fibroblast growth factor signaling 
have been associated with increased gallstone risk. Specific allelic variants, such as a mucin-like protocadherin polymorphism 
(rs3758650), correlate with higher incidence of symptomatic stones. Gene-environment interactions and epigenetic 
modifications in response to metabolic stressors like insulin resistance can upregulate biliary cholesterol secretion. 
Conversely, experimental gene deletions that reduce biliary cholesterol export or increase hydrophilic bile acid synthesis 
mitigate stone formation, illustrating the causal role of transporter and synthetic pathways. Pharmacologic agents that interfere 
with intestinal cholesterol absorption, for example ezetimibe, shift homeostatic feedback loops and may paradoxically 
stimulate hepatic cholesterol synthesis if compensatory mechanisms are activated, thereby modifying stone risk. [11][14] The 
gut microbiome exerts a significant influence over bile composition and gallstone risk. Bacterial taxa differ between 
individuals with and without gallstones, and organisms capable of producing biofilms are implicated in nucleation and stone 
consolidation. Gram-positive anaerobes have been linked to higher concentrations of the secondary bile acid deoxycholate, a 
metabolite that promotes cholesterol supersaturation and crystallization. Genomic analyses of bacterial communities within 
cholesterol versus pigment stones reveal distinct microbial signatures, with gram-positive species more commonly identified 
in cholesterol-containing calculi. Microbiota modulate cholecystokinin release and regulate mucin gene expression, thereby 
affecting gallbladder motility and mucin-mediated nucleation. Experimental work demonstrates that bacterial slime 
production and other microbial properties accelerate stone nucleation in bile-like media, supporting a mechanistic role for 
microbes in lithogenesis. Changes in microbial diversity, loss of beneficial commensals, and overgrowth of pathogenic 
bacteria contribute to the lithogenic state and to mixed stone formation when microbial colonization coincides with elevated 
bilirubin or inflammatory infiltration. [16][17][14][18] 

Environmental toxins and external exposures also intersect metabolic and microbial drivers. Persistent organic 
compounds such as polyfluoroalkyl substances (PFAS) accumulate in plasma, liver, kidneys, and bile, perturbing 
enterohepatic circulation and interfering with lipid metabolism, hepatocellular function, and hormonal regulation. Such 
disruptions can alter bile acid composition and cholesterol handling in ways that facilitate stone formation. High altitude has 
been linked to increased gallstone risk through hypoxia-induced shifts in hepatic metabolism, including upregulation of 
hypoxia-inducible factor 1 alpha and increased activity of monooxygenases such as trimethylamine-N-oxide (TMAO) 
pathways, biochemical changes that may favor cholesterol supersaturation in bile. Exposure to pesticides, heavy metals, and 
other xenobiotics further modifies gut microbiota and hepatic function, thereby influencing stone risk. [19][20][11] Microbial, 
genetic, metabolic, hormonal, and environmental factors converge to create a spectrum of phenotypes ranging from pure 
cholesterol stones to pigment and mixed stones. Clinical correlates reflect these mechanisms: cholesterol stones predominate 
in populations with metabolic syndrome, obesity, and Western dietary patterns, whereas pigment stones are associated with 
hemolysis, biliary infection, and conditions that increase bilirubin load. Reduced gallbladder emptying, whether from 
autonomic denervation, hormonal modulation such as estrogen-mediated decreases in bile acid synthesis, or changes in 
neurohormonal regulators like vasoactive intestinal peptide and fibroblast growth factor, extends bile residence time and 
promotes crystal growth. Estrogen specifically increases hepatic cholesterol secretion and shifts bile composition toward 
lithogenicity by acting through estrogen receptor-mediated pathways. [11][14] 

Finally, the pathophysiology of gallstones is self-reinforcing. Stones alter gallbladder function by promoting local 
inflammation, fibrosis, and further impairment of contractility. Recurrent stasis and repeated episodes of mucosal injury 
perpetuate a cycle of worsening lithogenesis and symptomatic disease. The interplay among gallbladder mechanics, bile 
chemistry, microbial ecology, host inflammation, and genetic predisposition determines whether microscopic crystallization 
proceeds to clinically relevant stone disease. Understanding these interacting pathways informs preventive strategies, guides 
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selection of medical or surgical interventions, and frames research into targeted therapies that modify bile composition, 
improve gallbladder motility, or reshape microbiome-host interactions to reduce the burden of cholelithiasis. 

 
History and Physical 

Gallstones are often silent and found incidentally on imaging. Many individuals remain asymptomatic for years. 
Others develop episodic biliary colic. Typical colic is crampy, postprandial pain in the right upper quadrant or epigastrium. 
The pain commonly radiates to the back or right scapula. High-fat meals frequently precipitate attacks. Nausea and vomiting 
commonly accompany the pain. Early episodes tend to resolve without hospital care. Laboratory tests and vital signs may be 
normal between attacks. [10][21] When a stone causes sustained obstruction, the clinical picture changes. Acute cholecystitis 
develops when the gallbladder wall becomes inflamed, often after prolonged cystic duct obstruction. The pain becomes 
constant and progressive. Patients report severe right subcostal pain that worsens with deep inspiration. Palpation elicits 
marked tenderness beneath the costal margin and may produce a positive Murphy sign. Fever and tachycardia are common. 
On examination a tender, palpable mass may represent an edematous gallbladder. Laboratory studies often show leukocytosis 
and elevated inflammatory markers. Imaging usually confirms gallbladder wall thickening and pericholecystic fluid. [10][21] 

Obstruction of the common bile duct produces cholestatic features. Jaundice and dark urine are frequent findings. 
Scleral icterus and pruritus may be present. Biochemical testing typically shows raised bilirubin and cholestatic liver enzymes. 
Stones lodged near the pancreatic duct increase the risk of gallstone pancreatitis. Presentation in that case includes severe mid-
epigastric pain radiating to the back, persistent vomiting, and systemic inflammatory signs. Serum amylase and lipase are 
elevated. Physical exam may reveal epigastric tenderness with guarding and diminished bowel sounds. [21] Ascending 
cholangitis represents a serious infectious complication of biliary obstruction. The classic triad consists of fever, right upper 
quadrant pain, and jaundice. Hemodynamic instability altered mental status, and shock signal progression to Reynold pentad 
and require immediate intervention. Patients may present with hypotension, tachycardia, and impaired mental status. Rapid 
recognition and early biliary decompression are essential to reduce mortality. Blood cultures and biliary cultures guide 
targeted antimicrobial therapy. [21] 

The physical examination may be subtle when stones are not impacted. Between episodes many patients show only 
mild RUQ or epigastric tenderness. Vital signs may be stable and laboratory tests are near normal. This clinical silence 
emphasizes the need to integrate history with focused imaging. Ultrasonography is the preferred first test for detecting 
gallstones and for evaluating complications. When findings are equivocal, cross-sectional imaging or endoscopic evaluation 
may be necessary. Risk stratification relies on the pattern of symptoms and objective findings. Isolated, brief postprandial pain 
without systemic signs suggests uncomplicated biliary colic and can be managed conservatively or electively. Constant severe 
pain, fever, leukocytosis, or abnormal liver tests raise concern for cholecystitis, choledocholithiasis, cholangitis, or 
pancreatitis and indicate urgent evaluation. Physical signs such as Murphy’s sign, palpable RUQ mass, jaundice, or 
hemodynamic instability increase the pretest probability of complications and should prompt expedited imaging and surgical 
consultation. Timely differentiation among these entities determines the need for admission, antibiotic therapy, biliary 
decompression, or urgent cholecystectomy. [10][21] 

 
Evaluation 

Right upper quadrant ultrasonography serves as the primary imaging test when gallstones are suspected. It detects 
calculi as small as 2 mm and identifies sludge and polyps within the gallbladder. The modality demonstrates high specificity, 
reported at approximately 90 percent for gallstones. Ultrasonography also evaluates secondary signs that suggest 
complication, including gallbladder wall thickening, pericholecystic fluid, and a sonographic Murphy sign, each of which 
supports a diagnosis of acute cholecystitis. Despite its strengths, ultrasonography is imperfect for every clinical scenario. It 
frequently identifies stones incidentally on studies obtained for other reasons. Computed tomography and magnetic resonance 
imaging also reveal gallstones on occasion but lack the sensitivity of ultrasound for direct stone detection and are less reliable 
than ultrasound for the initial assessment of acute cholecystitis. Plain radiography visualizes roughly ten percent of gallstones 
because only a minority are radiopaque. A HIDA or hepatobiliary iminodiacetic acid scan uses a radiotracer to map 
hepatobiliary excretion and concentrate in the gallbladder. When tracer fails to enter the gallbladder, the finding indicates 
cystic duct obstruction and supports the diagnosis of acute cholecystitis. The HIDA scan also measures gallbladder function 
and can demonstrate a persistently low ejection fraction consistent with biliary dyskinesia. These functional data complement 
structural imaging when the clinical picture is equivocal. [22] 

Imaging of the biliary tree targets common duct stones when obstruction is suspected. Dilatation of the common bile 
duct on ultrasound, CT, or MRI signals the possibility of retained or recently passed choledocholithiasis. MRCP provides 
noninvasive cross-sectional mapping of the biliary and pancreatic ducts and displays high sensitivity and specificity for ductal 
calculi. ERCP matches MRCP for diagnostic accuracy and adds the advantage of therapeutic access, permitting stone 
extraction, sphincterotomy, and stent placement in the same session. ERCP therefore carries both diagnostic and therapeutic 
value but requires specialist availability and carries procedural risks that must be weighed against potential benefit. When 
ERCP is not available or is contraindicated, alternative approaches include percutaneous transhepatic cholangiography or 
intraoperative cholangiography performed during laparoscopic cholecystectomy. Surgeons vary in their practice; some 
perform routine intraoperative cholangiograms while others reserve the technique for selective cases based on preoperative 
imaging or intraoperative findings. Fluoroscopic intraoperative cholangiography can identify ductal stones in real time and 
guide intraoperative management. [10] 

Clinical pathways that stratify patients by severity and by the likelihood of complication structure the diagnostic 
workup. Professional societies and national guidelines outline criteria that separate patients with uncomplicated gallstones 
from those with acute or complicated cholecystitis. The Japanese Society of Gastroenterology, in its 2021 revision, 
recommends classifying patients after imaging into groups with or without cholecystitis using objective measures such as 
focal right upper quadrant pain, elevated white blood cell count, elevated C-reactive protein, pericholecystic fluid, and 
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gallbladder wall thickening. These criteria guide whether immediate intervention, hospital admission, or outpatient 
management is appropriate. [9] Laboratory testing refines the clinical assessment and screens for biliary obstruction, infection, 
and organ dysfunction. A complete blood count can reveal leukocytosis that supports an inflammatory or infectious process. 
Liver function tests serve to detect cholestasis and hepatocellular injury. Alkaline phosphatase and gamma-glutamyl 
transferase typically rise with biliary obstruction. Aminotransferases may show mild to moderate elevation in the early phases 
of obstruction or inflammation. Conjugated hyperbilirubinemia indicates impaired bile flow and commonly accompanies 
common duct obstruction. In contrast, patients with asymptomatic gallstones or with stones that transit the ductal system 
without impaction often have normal laboratory studies. Measurement of inflammatory markers such as C-reactive protein 
helps stratify severity when infection or systemic inflammation is suspected. [23] 

The diagnostic algorithm integrates history, physical findings, laboratory results, and imaging to reach a working 
diagnosis and plan treatment. In a patient with typical postprandial right upper quadrant pain, a negative ultrasound may 
prompt a HIDA scan when functional biliary dyskinesia or acalculous cholecystitis is considered. Conversely, in a patient 
with RUQ pain, fever, leukocytosis, and sonographic signs of inflammation, urgent surgical consultation is warranted. 
Evidence of common duct dilation or abnormal liver tests triggers consideration of MRCP or ERCP depending on resource 
availability and clinical urgency. When imaging and labs suggest complicated disease such as gangrene, perforation, or 
emphysematous cholecystitis, cross-sectional imaging with CT offers greater sensitivity to gas, necrosis, and peritoneal 
involvement and informs the need for drainage or expedited operative care [23]. Timing of interventions follows risk 
stratification. Patients with uncomplicated biliary colic may undergo elective laparoscopic cholecystectomy. Patients with 
acute cholecystitis commonly benefit from early cholecystectomy within the index admission when feasible. Those with 
choledocholithiasis and cholangitis may require urgent ERCP for biliary decompression followed by cholecystectomy once 
the infection is controlled. In critically ill patients or when surgery poses prohibitive risk, percutaneous cholecystostomy 
guided by ultrasound or CT provides temporary decompression and source control. In sum, evaluation of suspected gallstone 
disease centers on ultrasound as the initial test, supplemented by functional imaging such as HIDA when results remain 
uncertain, and by MRCP or ERCP when common duct stones threaten biliary flow. Laboratory studies provide biochemical 
context and help identify complications. Imaging choice and procedural sequencing depend on clinical presentation, local 
resources, and the need for simultaneous diagnosis and therapy. Integration of these elements yields a targeted, efficient 
diagnostic pathway that minimizes delay to definitive management while reducing unnecessary procedures [23]. 

 
Treatment / Management 

Management of cholelithiasis spans conservative measures, interventional procedures, endoscopic therapies, and 
surgical approaches, with the treatment choice dictated by symptom burden, complication status, patient comorbidity, and 
operative risk. For patients with uncomplicated biliary colic, initial care often emphasizes conservative measures. Dietary 
modification that reduces fat intake lowers the frequency and severity of postprandial episodes. Symptom control relies on 
antiemetics and analgesics, and clinicians provide counseling about the natural history of gallstone disease and the risk of 
recurrence. Patients who experience recurrent colic despite conservative management are candidates for elective laparoscopic 
cholecystectomy, which remains the definitive therapy to prevent further symptomatic episodes and to eliminate the reservoir 
that permits stone formation. 

Hospital admission and expedited intervention become necessary when symptoms escalate in severity or when the 
patient cannot tolerate oral intake. Stones that become impacted and produce persistent, unremitting pain require timely 
surgical management because prolonged obstruction increases the likelihood of inflammation, infection, and other 
complications. Stones larger than 1 cm have a greater propensity to obstruct the cystic duct and therefore warrant a lower 
threshold for operative treatment. Laparoscopic cholecystectomy is the preferred surgical modality for symptomatic stones 
because it provides effective, durable symptom relief with reduced perioperative morbidity compared with open approaches. 
Open cholecystectomy remains appropriate when dense adhesions, distorted anatomy, uncontrolled bleeding, or patient 
factors make laparoscopic dissection unsafe; conversion rates depend on intraoperative findings and surgeon experience. For 
acutely ill or physiologically fragile patients who cannot tolerate general anesthesia or definitive surgery, percutaneous 
cholecystostomy placed by interventional radiology offers a temporizing or palliative option that provides source control and 
symptomatic relief until the patient stabilizes or until definitive management can be considered. [10] 

When choledocholithiasis is present, restoration of ductal patency is a priority because obstructed bile flow carries 
risks of cholangitis and biliary pancreatitis. Endoscopic retrograde cholangiopancreatography (ERCP) permits diagnosis and 
therapeutic stone extraction and can be performed preoperatively, intraoperatively, or postoperatively depending on local 
practice patterns and resource availability. Intraoperative strategies include laparoscopic or open common bile duct 
exploration. These techniques access the duct through the cystic duct or via choledochotomy and employ fluoroscopy or direct 
visualization with a choledochoscope. Choledochoscopic inspection allows direct stone removal but requires additional 
equipment and technical expertise. Choledochotomy introduces a risk of postoperative ductal stenosis when closed primarily, 
a complication surgeons may mitigate by constructing biliary-enteric anastomoses such as a Roux-en-Y 
choledochojejunostomy in select cases. Use of a T-tube for external drainage is an alternative that allows postoperative 
cholangiography and controlled decompression; however, the T-tube may act as a conduit for ascending infection, and 
displacement risks can precipitate bile leak and peritonitis. [24] 

A hybrid intraoperative ERCP technique provides another option for managing ductal stones. In this coordinated 
approach a guidewire is introduced through the cystic duct and advanced across the Ampulla of Vater into the duodenum, 
where endoscopic retrieval enables subsequent sphincterotomy and stone extraction. This method reduces the need for a 
separate postoperative endoscopic procedure, shortens hospital stay, decreases total anesthesia exposure, and lowers overall 
cost when compared with staged interventions. It demands close collaboration between surgical and endoscopic teams and 
access to experienced endoscopists, which may limit its availability to centers with integrated services. [10] 
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Ascending cholangitis represents a biliary emergency that requires prompt decompression of the obstructed duct and 
early antimicrobial therapy. Biliary drainage may be achieved endoscopically via ERCP, percutaneously through transhepatic 
routes, or surgically if endoscopic and percutaneous access are not feasible. Early and adequate drainage reduces systemic 
inflammatory response and prevents progression to sepsis and multiorgan failure. Gallstone pancreatitis similarly requires 
rapid assessment and supportive care; cholecystectomy is typically deferred until the acute inflammatory process resolves, 
with interval cholecystectomy performed once the patient recovers to prevent recurrent episodes. [8][25] Nonoperative stone 
removal techniques have limited roles in modern practice owing to variable efficacy, logistical challenges, and recurrence 
risk. Extracorporeal shock-wave lithotripsy, mechanical lithotripsy, electrohydraulic lithotripsy, and laser lithotripsy may 
fragment difficult common duct stones when standard endoscopic extraction fails. Mechanical lithotripsy serves as a rescue 
after failed sphincterotomy, whereas electrohydraulic and laser modalities permit fragmentation under direct visualization or 
fluoroscopic guidance. These adjunctive techniques can increase stone clearance in selected cases but require specialized 
equipment, training, and often prolonged procedural time. Extracorporeal shock-wave lithotripsy may be uncomfortable and 
carries risks including hemobilia, arrhythmia, cholangitis, pancreatitis, and ileus; it is contraindicated in the presence of portal 
vein thrombosis or prominent abdominal varices and does not prevent de novo stone formation. In general, lithotripsy is 
reserved for complex cases and as a component of multimodal management rather than as primary therapy. [8][10] 

Medical therapies to dissolve stones or reduce formation have niche applications. Ursodeoxycholic acid promotes 
gradual dissolution of small, cholesterol-rich stones and can be used in patients who decline or cannot undergo surgery. 
Dissolution rates are modest, often less than 50 percent, require months to years of therapy, and the underlying lithogenic 
milieu remains uncorrected, leading to substantial recurrence after cessation. Statins and agents that modify cholesterol 
absorption or synthesis, such as ezetimibe, affect hepatic cholesterol handling and have been explored as preventive measures; 
their net impact on gallstone incidence is biologically plausible but clinically modest and not a substitute for definitive therapy 
when symptoms or complications occur. Alternative and complementary remedies, including certain botanical extracts and 
nutraceuticals, have been reported in the literature but lack robust randomized evidence and are not widely endorsed as first-
line treatments. [2][5] Perioperative and supportive management is integral to safe care. Analgesia, intravenous fluids, and 
antibiotics are employed as indicated for acute cholecystitis, cholangitis, or sepsis. Early cholecystectomy during the index 
admission is associated with shorter overall hospital stay and fewer readmissions for many patients with acute cholecystitis, 
provided surgical risk is acceptable. For high-risk surgical candidates, percutaneous drainage and interval cholecystectomy or 
long-term conservative management may be appropriate. Prophylactic measures aimed at modifiable risk factors—weight 
management, glycemic control, and judicious use of hormone therapy—contribute to primary prevention but have limited 
immediate impact on an existing symptomatic stone. Decision making should balance the risks and benefits of intervention, 
prioritize source control in infected or obstructed biliary systems, and adopt the least invasive effective approach. 
Coordination among surgeons, gastroenterologists, interventional radiologists, and anesthesiologists optimizes timing and 
modality of therapy. When definitive cholecystectomy is planned, laparoscopic technique remains the standard for most 
patients; when anatomy or physiology precludes safe laparoscopy, conversion to open cholecystectomy or staged management 
with percutaneous decompression provides a clear pathway to mitigate risk and relieve symptoms. Overall, management 
strategies for gallstone disease emphasize prompt recognition of complications, tailored procedural choice for ductal 
clearance, and definitive removal of the gallbladder when recurrent symptoms or complications threaten patient health and 
quality of life [24]. 

 
Differential Diagnosis 

The clinical manifestations of gallstone disease can overlap with a variety of abdominal, thoracic, and vascular 
conditions, making accurate diagnosis essential to avoid inappropriate management. Biliary colic and acute cholecystitis 
typically present with right upper quadrant or epigastric pain, nausea, and vomiting, yet similar symptoms are frequently 
observed in several other disorders that must be considered in the diagnostic process. Appendicitis represents a key mimic, 
particularly when pain localizes in the right upper quadrant due to a high-lying appendix. Both conditions present with 
abdominal pain, nausea, and fever, but careful localization, physical examination, and imaging are critical for differentiation. 
Similarly, renal calculi can produce acute flank or abdominal pain radiating to the groin, and hematuria is a distinguishing 
feature. Imaging such as non-contrast CT of the abdomen is often required to confirm renal stones and exclude gallbladder 
pathology [25]. Malignant disease of the biliary tree, especially cholangiocarcinoma, may also resemble symptomatic 
cholelithiasis. Patients may present with jaundice, abdominal pain, and abnormal liver function tests, but the progressive 
nature of symptoms, weight loss, and imaging findings raise suspicion for malignancy. Pancreatitis due to causes other than 
gallstones must also be distinguished, as both present with epigastric pain radiating to the back, nausea, and vomiting. 
Elevated serum amylase or lipase levels, combined with cross-sectional imaging, assist in establishing the diagnosis. Peptic 
ulcer disease and gastroesophageal reflux disease are additional considerations. Both can cause epigastric pain and dyspepsia 
that may be confused with biliary colic. Endoscopy and response to acid-suppressive therapy often clarify the diagnosis. 
Likewise, esophageal spasm can present with chest or epigastric pain, occasionally severe and mimicking gallbladder disease, 
but diagnostic studies such as manometry and esophagram help identify motility disorders [25]. 

Cardiovascular conditions may also be misdiagnosed as gallbladder pathology. Myocardial infarction can present 
epigastric discomfort, nausea, and diaphoresis, especially in elderly or diabetic patients. Electrocardiography and cardiac 
enzyme evaluation are essential in excluding cardiac causes before proceeding with abdominal surgery. Aortic dissection may 
also present with acute abdominal or back pain, requiring urgent recognition through imaging such as CT angiography. 
Pulmonary conditions like pneumonia, particularly involving the right lower lobe, may produce referred abdominal pain that 
resembles biliary colic. Fever, cough, and abnormal chest imaging findings assist in differentiation. Hepatitis, whether viral, 
autoimmune, or drug-induced, may also present with right upper quadrant pain, jaundice, and elevated liver enzymes, closely 
mimicking gallbladder disease. In these cases, serology and hepatic imaging play important roles in distinguishing between 
hepatic and biliary pathology [25]. Mesenteric ischemia must also be considered, particularly in older patients presenting with 
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severe abdominal pain disproportionate to examination findings. The condition carries high morbidity and mortality if missed 
and requires prompt CT angiography for confirmation. Gastroenteritis, although often accompanied by diarrhea and systemic 
symptoms, may sometimes present with isolated abdominal pain, nausea, and vomiting, potentially misleading clinicians 
toward gallstone disease. Overall, the differential diagnosis of gallstone disease encompasses gastrointestinal, hepatobiliary, 
renal, cardiovascular, pulmonary, and systemic disorders. Because many of these conditions share overlapping features, 
accurate history-taking, targeted physical examination, and judicious use of laboratory and imaging modalities are essential to 
reach the correct diagnosis. Thorough consideration of alternative causes ensures timely and appropriate treatment, 
minimizing the risk of misdiagnosis and preventing complications [25]. 

 
Pertinent Studies and Ongoing Trials 

Shenoy and colleagues reviewed the literature on adult symptomatic cholelithiasis published between 2000 and 
2020. The review compared operative and nonoperative strategies. Outcomes included length of stay and readmission. The 
review examined cholecystectomy versus observation, cholecystectomy versus lithotripsy, elective versus urgent 
cholecystectomy, pharmacologic attempts to dissolve stones, and pain management compared with observation. [2] The 
analysis synthesized clinical trials and observational studies to evaluate effectiveness and resource use. The review found 
consistent superiority of surgical management for symptom control when compared with lithotripsy. Patients who underwent 
cholecystectomy achieved more durable pain relief. Lithotripsy provided transient benefit in some cases but carried higher 
recurrence. For patients with severe uncontrolled pain, operative intervention outperformed observation in preventing 
recurrent emergency visits and progressive morbidity. The authors reported that patients assigned to observation often 
required additional acute care before a definitive procedure. [2] When elective and urgent operative timing were compared, 
the review identified practical harms of delay. About one quarter of patients scheduled for elective cholecystectomy required 
interim treatment for worsening symptoms prior to the planned operation. This finding underscored that deferred surgery can 
expose patients to avoidable episodes and higher short term costs. The pooled evidence did not show advantages for delayed 
intervention in symptomatic cohorts. [2] 

Pharmacologic dissolution with chenodeoxycholic acid or ursodeoxycholic acid did not outperform placebo for pain 
reduction or stone dissolution in the trials reviewed. Studies that tested acupuncture as a means to promote stone clearance or 
reduce symptoms also failed to demonstrate benefit over observation. Trials of targeted analgesic strategies showed mixed 
results. Loxiglumide, a cholecystokinin 1 receptor antagonist, produced superior pain control compared with hyoscine N butyl 
bromide in a randomized comparison. [2] These pharmacologic data suggest limited roles for nonoperative agents and 
highlight the persistent efficacy gap between medical measures and cholecystectomy. Shenoy et al recommended a strategy 
that stratifies patients by symptom pattern. Key variables include time from symptom onset and frequency and severity of 
recurrent attacks. Stratification enables clinicians to estimate risk of complication while awaiting elective surgery. The authors 
argued that early definitive treatment for appropriately selected symptomatic patients prevents clinical decline experienced 
during wait intervals and reduces downstream costs and morbidity. They emphasized the need to match treatment intensity 
with the patient level of risk and symptom burden. [2] 

The SECURE trial tested management approaches for uncomplicated symptomatic cholelithiasis and measured 
eventual operation rates. The trial showed that some conservative strategies modestly reduced the need for surgery in a subset 
of patients. However, these strategies did not produce clinically meaningful reductions in pain or in the overall requirement 
for operative intervention. The trial reinforced that nonoperative approaches may defer but rarely obviate the need for 
cholecystectomy among symptomatic adults. [26] Taken together the evidence supports early surgical management for 
individuals with persistent or recurrent biliary symptoms. Nonoperative and pharmacologic options remain of limited efficacy 
for most symptomatic patients. Patient selection based on symptom chronology and severity optimizes outcomes and resource 
use. Current data also identify gaps for future research. Comparative trials that focus on patient centered outcomes, cost 
effectiveness, and stratified care pathways would help refine indications for early versus delayed surgery. Studies that explore 
combinations of medical, endoscopic, and minimally invasive techniques for complex cases may also clarify roles for 
nonoperative alternatives in defined subgroups. 

 
Prognosis 

Gallstone disease is often benign. Most individuals with gallstones remain asymptomatic. Fewer than half of those 
with stones develop symptoms. Despite this, population studies link cholelithiasis to higher long term mortality from 
cardiovascular disease and cancer. [27] When intervention is required, outcomes are generally favorable. After elective 
laparoscopic cholecystectomy patients typically recover well and return to usual activities. Some report mild postprandial 
gastrointestinal complaints such as bloating or diarrhea, especially after fatty meals. Overall life expectancy and quality of life 
after cholecystectomy approximate those of people without gallstones. Perioperative mortality after elective laparoscopic 
cholecystectomy is low. Reported death rates are under 0.5 percent in most series. Mortality rises for emergency operations. A 
multicenter study from India reported a 30 day morbidity of 11 percent and a 30 day mortality of 0.2 percent. Factors linked to 
higher morbidity included elevated body mass index, prior abdominal surgery, dense intraabdominal adhesions, conversion to 
open surgery, and gangrenous gallbladder at operation. In that cohort the conversion rate from laparoscopy to open repair was 
1.3 percent and the bile duct injury rate was 0.3 percent. [28] Obesity alone is not reliably predictive of worse surgical 
outcomes. A large series of 4,699 laparoscopic cholecystectomies identified patients with body mass index above 35 and 
compared them with leaner controls. The investigators found no significant differences in operative time, complication rates, 
readmission, or mortality. These data suggest that morbid obesity should not automatically preclude a standard laparoscopic 
approach when other risk factors are controlled. [29] 

Frailty and acute disease severity do affect outcomes. Studies using the Modified Frailty Index show that greater 
frailty correlates with higher postoperative morbidity and mortality after laparoscopic cholecystectomy for acute cholecystitis. 
Frailty assessment can inform preoperative risk stratification and perioperative planning. [30] A recent multicenter 
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observational effort led to a validated preoperative risk score for patients undergoing cholecystectomy for acute calculous 
cholecystitis. In that study of 1,253 patients across 79 centers the 30 day morbidity was 6.6 percent and the 30 day mortality 
was 1 percent. The score helps identify patients at elevated risk and guides decisions about timing and level of care. [31] 
Prognosis depends on patient factors and on disease context. Asymptomatic stones carry a low short term risk. Symptomatic 
disease that is treated electively has low mortality and acceptable morbidity. Emergency presentations, severe inflammation, 
sepsis, or coexisting frailty raise the risk of adverse outcomes. Preoperative risk assessment and targeted perioperative 
management reduce complications. When clinical teams tailor care to patient risk the net benefit of operative management for 
symptomatic gallstones remains high. 

 
Complications 

Gallstones provoke a spectrum of adverse events that range from localized inflammation to life-threatening systemic 
illness. Obstruction of gallbladder outflow by impacted calculi commonly initiates an inflammatory cascade that progresses 
from uncomplicated acute cholecystitis to complicated forms such as empyema, gangrenous cholecystitis, and 
emphysematous cholecystitis. These entities reflect escalating tissue ischemia, bacterial invasion, and necrosis within the 
gallbladder wall. Empyema denotes purulent accumulation within the lumen and often coincides with systemic sepsis. 
Gangrene indicates transmural necrosis that raises the risk of perforation and peritonitis. Emphysematous cholecystitis, 
frequently associated with gas-forming organisms and comorbid diabetes, carries an especially high morbidity and may 
necessitate urgent source control. [32][33][34] Calculi that migrate into or lodge near the common bile duct produce 
obstructive sequelae with significant downstream consequences. Obstruction produces cholestasis with progressive proximal 
dilation of the biliary tree, biochemical cholestatic liver injury, and clinically evident jaundice. When biliary outflow is 
interrupted at or near the ampulla of Vater, reflux of bile and bacterial translocation predispose to ascending cholangitis, an 
infection that can rapidly progress to sepsis without prompt decompression and antimicrobial therapy. Impaction at the 
ampullary region may also precipitate acute gallstone pancreatitis by obstructing pancreatic enzyme drainage, with potential 
for severe systemic inflammatory response and multiorgan dysfunction. [32][33][34] 

External compression of the biliary ducts by an impacted cystic duct stone or an inflamed gallbladder neck can 
produce a distinct clinical entity known as Mirizzi syndrome. In Mirizzi syndrome the mechanical obstruction and local 
inflammatory reaction may progressively erode ductal tissue and lead to biliary stricturing and secondary cholestasis. 
Persistent impaction and chronic inflammation may ultimately result in fistulization. A chronically impacted stone can erode 
through the gallbladder wall into adjacent hollow viscera, most commonly producing a cholecystoenteric fistula with the 
duodenum; when a large gallstone passes into the intestinal lumen and becomes lodged in the distal small bowel, a mechanical 
obstruction termed gallstone ileus ensues. Although rare, gallstone ileus produces significant obstructive symptoms and 
accounts for 0.3% to 0.5% of patients with gallstones who develop bowel obstruction. Bouveret syndrome describes the 
related but more proximal gastric outlet obstruction that follows stone impaction at the duodenum. These complex 
presentations often demand combined surgical and endoscopic management. [9][10][35] 

Procedural and therapeutic interventions directed at biliary pathology introduce procedure-specific risks. 
Endoscopic retrograde cholangiopancreatography (ERCP), while indispensable for both diagnosis and removal of ductal 
stones, carries complications including post-ERCP pancreatitis, hemorrhage (haemobilia), iatrogenic injury to the bile ducts or 
duodenum, and, rarely, pulmonary bile embolism reported after ERCP for gallstone pancreatitis. The frequency and severity 
of these events depend on patient factors and operator experience. During cholecystectomy, whether laparoscopic or open, 
surgery-related complications include inadvertent bile duct or bowel injury, retained common bile duct stones, postoperative 
bile leak, incisional hernia, and the persistence of chronic right upper quadrant pain. Bile duct injury, though uncommon in 
experienced hands, represents a devastating complication that may require complex reconstructive surgery and carries long-
term morbidity. [10][36] Postoperative recovery spans a broad clinical spectrum determined by the preoperative condition and 
perioperative course. Uncomplicated elective cholecystectomy frequently results in same-day discharge and rapid 
convalescence, whereas patients with ascending cholangitis, severe gallstone pancreatitis, or septic complications may require 
prolonged critical care, multiorgan support, and staged interventions. Dietary counseling for low-fat, small-portion meals is 
commonly advised following discharge to reduce symptomatic intolerance; many patients experience transient post-
cholecystectomy changes in bowel habits that typically improve over time. 

 
Patient Education: 

Prevention and patient education mitigate some risks associated with stone disease. Diets higher in monounsaturated 
fats, fiber, olive oil, omega-3 fatty acids, and vegetable protein appear protective. Polyunsaturated fatty acids and specific 
dietary patterns may promote gallbladder emptying, while vitamin C–rich produce and coffee consumption have been linked 
to improved motility. Regular physical activity reduces risk, whereas diets high in refined sugars, fructose, and saturated fats, 
combined with low fiber intake and insulin-resistant metabolic states, increase lithogenic potential. Clinicians advising 
patients who choose conservative management for biliary colic must emphasize red flags—persistent or worsening pain, 
fever, jaundice, or systemic symptoms—and instruct prompt presentation for evaluation because delay increases the chance of 
stone impaction, infection, and emergency intervention. [8][12][37] Clinical decision making recognizes that asymptomatic 
choledocholithiasis and asymptomatic cholelithiasis can sometimes be observed without immediate intervention, provided the 
patient is informed and able to access care if symptoms develop. However, asymptomatic status does not remove the risk of 
severe complications such as cholangitis, pancreatitis, or fistula formation, and clinicians must counsel patients accordingly. 
Impacted stones may precipitate gangrenous cholecystitis or progressive erosion producing cholecystoenteric or 
choledochoduodenal fistulae; these outcomes demand complex operative management and increase perioperative risk. 
[38][39][40][41] Pregnancy presents distinct considerations. Gallstones during pregnancy are associated with higher maternal 
and neonatal morbidity, including an increased risk of preterm birth. When symptomatic disease requires intervention, 
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cholecystectomy can be performed safely during the second trimester and, in selected centers, during the early or mid-stages 
of pregnancy, balancing maternal benefit and fetal risk. [11] 

 
Outcomes: 

Optimal outcomes derive from early multidisciplinary involvement. An interprofessional model combining primary 
care, radiology, gastroenterology, general surgery, interventional radiology, anesthesiology, nursing, and nutrition services 
improves the timing of elective interventions, reduces emergency presentations, and enhances perioperative planning. Early 
surgical consultation for recurrent symptoms facilitates elective rather than emergent management and lowers complication 
rates. Not all patients require cholecystectomy; lifestyle modification and medical management are appropriate in selected 
cases, but when operative therapy is indicated, coordinated preoperative optimization and postoperative education reduce 
morbidity and improve recovery. Close communication among team members remains central to minimizing the morbidity of 
gallstone disease and ensuring rapid recognition and treatment of its complications. [42][43][44] 

 
Conclusion: 

Gallstone disease encompasses a broad clinical spectrum, from an incidental, asymptomatic finding to a source of 
severe morbidity. Its pathophysiology is multifactorial, involving metabolic imbalances, genetic predisposition, and 
gallbladder dysmotility. The prognosis for most individuals is excellent, particularly for those with asymptomatic stones or 
those who undergo elective laparoscopic cholecystectomy for symptomatic disease. This procedure is highly effective, with 
low mortality and morbidity, and remains the gold standard for definitive management. However, the presentation of 
complications such as acute cholecystitis, cholangitis, or pancreatitis significantly alters the clinical course, necessitating 
urgent intervention and carrying higher risks. Therefore, timely diagnosis through ultrasonography and appropriate laboratory 
testing is critical. Management must be tailored to the individual, balancing the risks of intervention against the natural history 
of the disease. A multidisciplinary approach involving surgeons, gastroenterologists, and radiologists is paramount for 
optimizing outcomes, especially in complex cases involving common bile duct stones or critically ill patients. Ultimately, 
understanding the disease's mechanisms, epidemiology, and evidence-based treatment pathways allows healthcare 
professionals to provide effective care, alleviate symptoms, and prevent serious complications. 
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