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Abstract

Hereditary spherocytosis (HS), a common inherited hemolytic anemia, is charac-
terized by red blood cell membrane protein defects leading to chronic hemolysis.
This condition significantly predisposes patients to gallstone disease, including
both gallbladder and bile duct stones, due to excessive bilirubin production from
hemolysis. Gallstones in HS patients, primarily composed of bilirubin, can lead to
complications such as cholecystitis, cholangitis, and obstructive jaundice. This
review provides a comprehensive landscape of the pathophysiological mecha-
nisms linking HS to gallstone formation, emphasizing the roles of hemolysis, bile
composition, and genetic factors. It also discusses the clinical manifestations of
gallstone disease in HS, including recurrent jaundice and biliary obstruction, and
highlights the diagnostic value of imaging modalities such as ultrasonography
and magnetic resonance cholangiopancreatography. Furthermore, current ma-
nagement strategies, including splenectomy, cholecystectomy, and endoscopic
approaches for bile duct stones, are examined in the context of HS. By synthe-
sizing existing knowledge, this review aims to provide insights into improving
the diagnosis, prevention, and treatment of gallstone disease in patients with HS,
while identifying gaps for future research.
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Multidisciplinary management
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Core Tip: Hereditary spherocytosis predisposes patients to gallstone disease due to chronic hemolysis and elevated bilirubin
levels. This review explores the pathophysiological mechanisms, clinical manifestations, and diagnostic strategies for
hereditary spherocytosis-related gallstones. Key insights include the importance of ultrasonography and magnetic resonance
cholangiopancreatography for early detection, tailored management strategies such as splenectomy and cholecystectomy,
and emerging preventive approaches, including lifestyle modifications, pharmacological therapies, and novel treatments like
nanoprodrugs and probiotics. Addressing research gaps in genetic predisposition, microbial influences, and biomarkers will
further enhance prevention and treatment, particularly in pediatric populations, emphasizing a multidisciplinary approach for
optimized outcomes.
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INTRODUCTION

Hereditary spherocytosis (HS) is a prevalent inherited hemolytic anemia caused by red blood cell membrane protein
defects that lead to chronic hemolysis. This condition is characterized by extravascular hemolysis, where red blood cells
are destroyed in the spleen, leading to increased bilirubin production. The breakdown of these cells releases
unconjugated bilirubin, which can accumulate in the gallbladder and precipitate as pigment gallstones. Among its
complications, gallstone disease is particularly significant due to its potential to cause substantial morbidity, including
biliary colic, cholecystitis, and bile duct obstruction. Studies indicate a high incidence of gallstones in HS patients, with
detection rates ranging from 37% to 43% in adults and significant rates observed in children and young adults. The risk of
gallstone formation in HS can be further exacerbated by genetic modifiers, such as co-inheritance of Gilbert syndrome,
which impairs bilirubin conjugation and increases bilirubin levels. Exploring the relationship between HS and gallstone
disease provides crucial insights into better clinical management and prevention strategies. Regular ultrasound examin-
ations are recommended for early detection of gallstones in HS patients, particularly those with additional risk factor.
This review synthesizes current evidence on the pathophysiology, clinical features, diagnosis, and management of
gallstone disease in HS, identifying gaps for future research.

PATHOPHYSIOLOGY

The development of gallstones in HS is closely linked to the chronic hemolysis inherent to this condition. Hemolysis leads
to the excessive release of heme, which is metabolized into unconjugated bilirubin in the liver. The elevated bilirubin
levels can overwhelm the liver’s conjugation capacity, resulting in an accumulation of unconjugated bilirubin in bile. This
unconjugated bilirubin, along with monoconjugated bilirubin, precipitates in the gallbladder and contributes to the
formation of bilirubin gallstones. Studies have highlighted the role of monoconjugated bilirubin in gallstone formation,
noting its coprecipitation with unconjugated bilirubin under hemolytic conditions.

Bile composition plays a critical role in gallstone formation. In HS, bile often contains elevated hydrogen ion concen-
trations, bilirubin, and calcium ions, creating an environment conducive to the precipitation of bilirubin as calcium biliru-
binate, a key component of pigment stones[1]. Additionally, bilirubin’s chemical properties, including its tendency to
form free radicals, promote oxidative changes, polymerization, and calcification, further facilitating stone development
[2]. The altered bile environment in HS is compounded by structural changes in the gallbladder. Mucin plug formation, a
common feature in HS patients, has been implicated as a nidus for stone accretion. Histological studies suggest that these
plugs, laden with concentrated pigment, initiate and accelerate gallstone development[1].

Genetic influences on gallstone formation

Genetic predispositions further contribute to gallstone formation in HS. Mutations in the uridine diphosphate
glucuronosyl transferase 1A1 gene impair bilirubin conjugation, increasing the proportion of unconjugated bilirubin in
bile and promoting gallstone nucleation. Additionally, variations in the ATP-binding cassette transporters G5 (ABCG5)/
ABCGS transporter genes have been associated with altered bile cholesterol secretion, further modifying gallstone risk.
The co-inheritance of Gilbert syndrome in HS patients exacerbates the imbalance in bilirubin metabolism, increasing the
likelihood of gallstone development at a younger age.
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Oxidative stress and gallstone formation

Recent research has identified oxidative stress as a significant factor in gallstone pathogenesis in HS patients. Chronic
hemolysis induces oxidative damage, leading to altered bile composition and increased susceptibility to calcium biliru-
binate precipitation. Free radical-mediated damage to biliary lipids may enhance cholesterol crystallization and gallstone
growth, further complicating disease progression. These mechanisms collectively highlight the intricate relationship
between hemolysis, bilirubin metabolism, bile composition, and gallstone formation in HS patients. However, variability
in clinical presentation underscores the influence of factors such as age, sex, genetic variability, and coexisting conditions,
which can modify the risk and severity of gallstone disease in HS[1].

CLINICAL MANIFESTATIONS

Gallstone disease in HS patients presents with diverse clinical manifestations, ranging from asymptomatic cases to severe
biliary complications. Unlike the general population, where cholesterol gallstones predominate, HS patients are more
likely to develop pigment gallstones due to chronic hemolysis, which significantly increases bilirubin production and
alters bile composition[3].

Recurrent jaundice is a hallmark symptom in HS patients and is often exacerbated during episodes of increased
hemolysis. These patients frequently present with biliary colic, characterized by episodic upper abdominal pain, typically
after meals, and acute cholecystitis, which occurs more frequently in HS due to the rapid formation and growth of
pigment stones[4]. The increased frequency of acute cholecystitis in HS patients is linked to the higher concentration of
unconjugated bilirubin in bile, which accelerates pigment stone nucleation and aggregation.

Gallstone disease in HS also tends to present at a younger age compared to the general population, reflecting the early
onset of hemolytic activity in these patients[5]. This early manifestation underscores the need for routine ultrasound
screening in pediatric HS patients to facilitate early detection and timely intervention. Complications are common in
untreated cases. Acute cholecystitis, resulting from gallstone impaction in the cystic duct, presents with fever, right upper
quadrant tenderness, and leukocytosis. Additionally, due to the frequent presence of multiple small pigment stones, HS
patients have a higher risk of bile duct obstruction, leading to choledocholithiasis, cholangitis, and pancreatitis.[6]. The
incidence of severe complications, such as gallstone ileus and biliary-enteric fistulas, may also be higher in HS patients
due to the chronic nature of their condition and the continuous formation of stones[4].

In contrast to HS, the general population experiences a higher prevalence of asymptomatic cholesterol gallstones, with
only a small percentage developing complications. Furthermore, while conservative management may be suitable for
asymptomatic stones in the general population, HS patients often require early cholecystectomy to prevent recurrent
symptoms and complications[7]. The differences in stone composition and underlying pathophysiology between HS
patients and the general population necessitate distinct clinical approaches and management strategies. Recognizing
these differences is critical for optimizing treatment and preventing long-term morbidity in HS patients.

DIAGNOSTIC APPROACHES

Accurate and early diagnosis of gallstone disease in HS relies on a combination of imaging modalities and laboratory
evaluations. Ultrasonography is the first-line imaging tool due to its non-invasiveness, accessibility, and high sensitivity
for gallstones. It is particularly effective in identifying gallstones within the gallbladder, as they appear as highly
reflective echoes with posterior acoustic shadowing[8,9]. Pocket-size ultrasound devices have demonstrated high
diagnostic accuracy, with sensitivity and specificity reaching up to 93.75% and 100%, respectively, when operated by
experienced clinicians[10]. For more complex cases, including bile duct stones, magnetic resonance cholangiopancreato-
graphy (MRCP) offers superior imaging resolution. MRCP is a non-invasive imaging technique with excellent sensitivity
and specificity for detecting bile duct stones and biliary pathologies. It is particularly useful when ultrasound results are
inconclusive or when a detailed image of the biliary tract is required.

Endoscopic retrograde cholangiopancreatography (ERCP) is considered the gold standard for diagnosing choledocho-
lithiasis, as it provides direct visualization and allows for therapeutic interventions such as stone removal during the
procedure[11,12]. However, it is an invasive procedure associated with risks such as pancreatitis and perforation[12].
Alternatively, endoscopic ultrasound (EUS) is a minimally invasive procedure that provides high-resolution images of
the biliary tract. Its diagnostic accuracy is comparable to ERCP, and it is particularly effective in detecting small stones
that might be missed by other imaging modalities[12,13].

While ERCP remains the definitive diagnostic and therapeutic modality for bile duct stones, it carries a considerable
risk of complications, including post-ERCP pancreatitis and duodenal perforation, limiting its use primarily to
therapeutic rather than purely diagnostic purposes. In contrast, EUS provides comparable sensitivity for detecting
common bile duct stones while avoiding ERCP-related complications, making it a safer initial assessment tool. However,
EUS requires specialized expertise and equipment availability, which may not be feasible in all healthcare settings.
MRCP, as a non-invasive alternative, is ideal for patients in whom an invasive procedure is contraindicated.
Nevertheless, MRCP has limitations in detecting small stones or sludge, potentially leading to false-negative results.
Therefore, a tailored approach that considers patient-specific risk factors, symptomatology, and institutional resources is
essential in selecting the most appropriate diagnostic tool for HS-associated gallstone disease.
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The choice of diagnostic tool depends on clinical presentation, patient condition, and available resources. Emerging
technologies, such as machine learning and deep learning models, are being explored to enhance diagnostic accuracy and
efficiency, though they require further validation before widespread clinical adoption[9,14]. When combined, these
diagnostic approaches enable clinicians to identify gallstone disease in HS patients effectively, guiding appropriate
management strategies.

MANAGEMENT STRATEGIES

The management of gallstone disease in HS patients is tailored to the severity of symptoms and the extent of underlying
hemolysis. Splenectomy, often a cornerstone treatment for HS, significantly reduces hemolysis and bilirubin production,
indirectly lowering the risk of gallstone formation. However, recent studies suggest that despite splenectomy, residual
hemolysis may still contribute to gallstone formation, necessitating continued surveillance in post-splenectomy patients.
Prophylactic cholecystectomy is recommended in asymptomatic HS patients with a high risk of gallstone-related complic-
ations, particularly those undergoing planned splenectomy, given the increased likelihood of future biliary events.

For symptomatic gallstones, laparoscopic cholecystectomy (LC) is the definitive treatment. Early elective chole-
cystectomy is particularly beneficial for HS patients, as delaying surgery increases the risk of recurrent biliary events and
complications such as cholecystitis and bile duct stones. In pediatric patients undergoing splenectomy, prophylactic
cholecystectomy may be considered to prevent future complications, especially given the accelerated formation of
pigment gallstones in HS patients.

For patients with bile duct stones, ERCP is the preferred intervention. ERCP should be performed preoperatively or
postoperatively in patients with suspected choledocholithiasis to ensure complete biliary clearance and prevent recurrent
obstruction. For bile duct stones, ERCP plays a central role, offering over 90% efficacy in stone clearance while allowing
for both diagnostic and therapeutic interventions[15,16]. To further optimize management, preoperative EUS is now
considered as a non-invasive screening tool to identify bile duct stones prior to ERCP, reducing unnecessary invasive
procedures. Preoperative ERCP may be employed in cases where bile duct stones are suspected; however, it is associated
with higher complication rates compared to intraoperative or postoperative ERCP[17]. When ERCP fails or is not feasible,
percutaneous techniques provide an alternative route for stone removal, particularly in complex cases[15].

Laparoscopic common bile duct exploration can be performed in conjunction with LC as part of a one-stage approach
for managing bile duct stones. This method reduces hospital stays and costs compared to the two-stage approach of
separate LC and ERCP procedures[18,19]. The transcystic approach for laparoscopic common bile duct exploration is
preferred when feasible, as it has lower complication rates than the transductal approach[19]. In rare cases where laparo-
scopic methods are not feasible, such as with large stones or anatomical challenges, open surgery remains a viable option
[20].

In HS patients, minimizing surgical stress is crucial due to their heightened risk of hemolysis and complications. Non-
surgical approaches, such as bile acid dissolution therapy with ursodeoxycholic acid, remain largely ineffective for
pigment gallstones and are not routinely recommended. However, emerging therapies, including nanoprodrugs and
probiotics, show potential in modifying bile composition and reducing gallstone risk. Probiotic-based therapies that
modulate gut microbiota to influence enterohepatic circulation and bile metabolism may help reduce bilirubin stone
formation. The choice of management strategy should be individualized based on patient factors such as gallstone size,
symptom severity, and overall HS disease burden. A multidisciplinary approach involving hematologists, gastroentero-
logists, and surgeons is recommended to optimize outcomes in these patients.

LONG-TERM OUTCOMES AND PROGNOSIS

The long-term outcomes of HS patients with gallstone disease depend on disease severity, surgical interventions, and
ongoing hemolysis. While cholecystectomy resolves acute complications, recurrent pigment stone formation remains a
risk due to persistent hemolysis, particularly in patients without splenectomy. Even after surgery, common bile duct
stones (choledocholithiasis) can develop, necessitating long-term surveillance and potential ERCP intervention. Quality of
life may be affected by residual symptoms such as episodic jaundice and fatigue, with studies indicating a lower health-
related quality of life in HS patients with prior gallstone-related complications. Prophylactic splenectomy significantly
reduces hemolysis and gallstone recurrence, improving long-term outcomes, though it requires careful patient selection
due to associated risks. Lifelong follow-up, including liver function tests, imaging, and hemolysis markers, is
recommended to monitor ongoing risks, while preventive strategies such as bile acid therapy and microbiome-targeted
interventions may help reduce recurrence. These updates highlight the importance of continued surveillance and
individualized management in HS patients with gallstone disease.

PREVENTION AND RISK REDUCTION

Preventive strategies for gallstone disease in HS focus on mitigating the risk factors associated with hemolysis and altered
bile composition. Splenectomy remains the most effective preventive intervention, particularly when performed early in
life, as it significantly reduces hemolysis and bilirubin production. Regular monitoring through imaging and laboratory
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Figure 1 Mechanistic diagram of pigment gallstone formation in hereditary spherocytosis.

evaluations facilitates the early detection of gallstones, enabling timely interventions.

Lifestyle modifications play a crucial role in improving bile composition and reducing stone formation. Adopting a
plant-based diet, which excludes heme iron-rich foods such as meat and fish, while incorporating fruits, vegetables,
whole grains, and legumes, can lower the risk of gallstone formation by reducing obesity, insulin resistance, and dietary
cholesterol levels[21]. Weight management is also vital, as obesity is a significant risk factor for gallstone development.
Avoiding rapid weight loss, which is associated with increased cholesterol levels and fat mobilization, is particularly
important, especially in post-bariatric surgery patients[22].

Pharmacological interventions offer additional preventive options. Ursodeoxycholic acid has proven effective in
preventing gallstone formation during periods of rapid weight loss by enhancing bile acid biosynthesis and inhibiting
cholesterol absorption[22,23]. Ezetimibe, which targets the Niemann-Pick Cl1-like 1 protein to reduce intestinal cholesterol
absorption, and hyodeoxycholic acid, which prevents cholesterol crystallization, are promising alternatives[24,25].

Novel therapeutic approaches are also emerging. Supramolecular nanoprodrugs, such as hydroxypropyl-f-
cyclodextrin nanoparticles, have been developed to solubilize cholesterol in the gallbladder, effectively preventing
gallstone formation. These nanoparticles leverage the established safety of cyclodextrin-based delivery systems[26].
Probiotics, shown to regulate cholesterol metabolism and alter bile composition more effectively than tauroursodeoxy-
cholic acid alone, offer another innovative strategy[27].

Herbal and alternative treatments provide a side-effect-free approach to gallstone prevention by correcting bile
composition and stimulating gallbladder contractions. Traditional herbal formulations have been used successfully in
some populations, although their efficacy and safety require further validation[28]. These preventive measures
underscore the importance of a multifaceted approach tailored to individual patient factors, such as genetic predispos-
itions and comorbidities. While lifestyle and pharmacological interventions remain the cornerstone of prevention,
emerging therapies targeting bile composition and cholesterol metabolism offer promising avenues for high-risk HS
patients. Further research is needed to explore the long-term efficacy and safety of these interventions across diverse
patient populations.

CURRENT CHALLENGES AND FUTURE DIRECTIONS

Despite advancements, significant gaps remain in understanding and managing gallstone disease in HS patients. Genetic
links, such as the role of ABCGS transporters, remain underexplored, necessitating genome-wide association studies to
identify specific markers[29,30]. Environmental factors like diet and metabolic syndrome, commonly associated with HS,
also require further investigation to clarify their interactions with genetic predispositions[31]. Emerging evidence
highlights the role of biliary microbiota and bacterial biofilms in gallstone pathogenesis, particularly in HS, where
microbial biomineralization processes may differ from the general population[32,33]. Diagnostic advancements, including
biomarkers and imaging, could facilitate early detection and personalized interventions. Novel therapeutic strategies,
such as probiotics, supramolecular nanoprodrugs, and non-invasive interventions, offer promising avenues for
prevention and treatment[26]. Future research should focus on these areas, particularly in pediatric populations, where
early interventions could profoundly impact long-term outcomes, requiring collaborative, multidisciplinary approaches.

CONCLUSION

The relationship between HS and gallstone disease is complex and multifaceted, encompassing pathophysiological,
clinical, and management aspects (Figure 1). By synthesizing existing knowledge, this review highlights the importance
of a multidisciplinary approach to improve patient outcomes. Early diagnosis, personalized management strategies, and
targeted preventive measures are essential to addressing the unique challenges posed by this condition. Future research
should aim to bridge existing gaps, advancing the care of patients with HS and gallstone disease.
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