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Abstract: Hereditary Spherocytosis (HS), with characteristic red blood cells (RBCs), is a group of genetic hemolytic disorders that
occur in an autosomal-dominant manner. It is clinically characterized by anemia, splenomegaly, jaundice, and mutations in key genes.
Splenectomy is the standard treatment for HS. Alternatively, partial splenic embolization (PSE) balances efficacy and safety, making it
a promising solution. To determine how to choose surgery and ensure correct management, we reviewed the indications, techniques,
efficacies, complications, and progress of alternative solutions to reach a comprehensive conclusion. Core clinical dimensions between
Splenectomy and PSE in the treatment of HS, including surgical indications, operative techniques, hemoglobin improvement, infection
risk, immune function preservation, long-term complications and recurrence rate. PSE is better than Splenectomy. Furthermore,
forefront-targeted drugs, precise embolization ranges, and multidisciplinary team (MDT) discussions were reviewed. Collaboration
requires multiple departments and family members. Through this narrative review, we hope to provide practical advice for long-term
follow-up and emergency management.
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Introduction

Hereditary Spherocytosis (HS), with characteristic red blood cells (RBCs), is a group of genetically hemolytic disorders
that occur in an autosomal dominant manner.' HS is clinically characterized by anemia, splenomegaly, jaundice, and
reticulocytosis. Mutations in key genes such as ANKI, SPTB, SPTAI, SLC4A41, and EPB42 are common in HS.
Erythrocyte osmotic fragility test is a simple and practical diagnostic tool for HS. When the clinical manifestations are
combined with the mean reticulocyte volume (MRV), mean spherical cell volume (MSCV), mean corpuscular volume
(MCYV), family pedigree, and genetic expression, the diagnosis of HS can be confirmed. Early and accurate molecular
diagnosis facilitates clinical treatment and family counseling.*”

Defects in the cytoskeletal proteins in RBC membranes lead to decreased membrane stability, cell spheroidization,
and extravascular hemolysis in the spleen. Approximately 50% of the patients develop gallstones due to hyperbilirubi-
nemia. The spleen has become the core of treatment as it is the main site of RBC destruction. Splenectomy is the standard
treatment for HS. Partial splenic embolization (PSE) can balance efficacy and safety through precise intervention
techniques, making it a promising alternative solution.” In this article, we review HS and various treatment management
methods, including indications for surgery, the selection of different surgical methods, efficacy, complications, advances
in alternative solutions, and the possibility of gene-targeted therapy. Our article was based on classic studies, the latest
clinical evidence and mainstream guidelines in the field of HS treatment, from the main databases (eg, PubMed, Web of
Science) and the time range of core clinical studies in the past 30 years and the latest progress in the past. Through this

narrative review, we hope to provide practical advice for future clinical practice.
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Splenectomy

The pathophysiological core of HS includes RBC membrane defects, splenic sequestration, and destruction of spherical
RBCs with impaired deformability. The spleen is the main site and driving factor of HS hemolysis. Splenectomy remains
a curative method that effectively improves hemoglobin (Hb) levels and reduces hemolysis. Individualized decision-
making is crucial for balancing the surgical benefits and complications. HS with moderate-to-severe anemia or severe
complications is the primary indication for surgery. Splenectomies can be divided into total and partial resection.’

Patients with Hb consistently less than 80 g/L or transfusion dependency, reduced exercise tolerance, delayed growth (in
children), and heart failure require surgery to cure them. For patients with Hb levels between 80 and 100 g/L, surgery should be
performed if their quality of life (QoL) is significantly affected or if chronic ulcers occur in the lower limbs. For pediatric
patients, completing all planned immunizations before 5 years of age, delaying the operation until the age of 6 years (when the
immune system is more mature), and multidisciplinary team (MDT) discussions to reach a comprehensive conclusion are
needed.

The efficacy of splenectomy is evident, particularly its excellent effect on hematology. The vast majority of patients
showed a significant improvement in Hb levels after surgery, and anemia was corrected. Hemolysis stopped or was
significantly reduced. Although spherical RBCs still exist, their clinical significance has disappeared. Symptoms such as
fatigue, jaundice, and palpitations disappeared, and the risk of new gallstones significantly decreased. Children with
delayed growth exhibit catch-up growth.

The risks and complications of splenectomy can be divided into perioperative and lifelong. Bleeding, infection,
anesthesia risk, adjacent organ damage, deep vein thrombosis, pulmonary embolism, and subphrenic effusion/abscess are
referred to as perioperative risks, emphasizing the importance of perioperative anticoagulation prevention.® The lifelong
risks, such as overwhelming infection, thromboembolic diseases, controversial tumor risk, and the risk of recurrence and
lifelong immunodeficiency, require individualized assessment and long-term management. Long-term antibiotic preven-
tion, vaccination, standardized anticoagulation, and other forms of management must be individualized. Future research
should focus on optimizing surgical strategies, reducing the risk of long-term complications, and exploring effective

targeted therapies.”®

Partial Splenic Embolization

Since the 1970s, PSE has become an important alternative to splenectomy. Clinically, PSE may benefit patients with HS.
With an interventional radiology technique, PSE reduces blood supply to the splenic parenchyma, thereby reducing
splenomegaly and related complications. Since its first clinical application in the 1970s, PSE has become an alternative to
splenectomy because it is minimally invasive, safe, and effective.* The femoral artery is used for selective catheterization
of the splenic artery, and certain materials can be used to embolize the designated blood vessels. After PSE, the patients
showed improvements in blood and platelet counts early in the postoperative period. Because of the segmental
distribution of arterial branches in the spleen and the small number of communication branches between each segment,
occlusion of an artery affects only the corresponding area; thus, the immune function of the spleen may be preserved.
Several months after embolization, Immunoglobulin A (IgA) and complement 3(C;) levels increase signiﬁcantly.“’8

Research has shown that the efficacy of PSE is similar to that of splenectomy. No significant difference was observed in the
postoperative increase in white blood cell (WBCs) or Hb levels between the PSE and SP groups.” Moreover, patients who
underwent PSE recovered faster than those who underwent splenectomy. PSE has additional advantages, such as less trauma
and fewer complications. Furthermore, PSE treatment may also induce host immune activation and increase immunity.'® The
spleen volume decreases by 50% to 80% after PSE and usually reaches maximum atrophy at 2—6 months after surgery.!' The
lower risk of adverse outcomes and significant effectiveness promote the clinical application of PSE.

A Meta-analysis evaluated the efficacy of Splenectomy versus PSE, such as recovery in peripheral platelet count, the
difference became non-significant by 1 month postoperatively. And the Natural killer (NK) cell count: The PSE group
had a significantly higher number of NK cells than the Splenectomy group postoperatively, and the immunological
advantage persisted at 1 year postoperatively (95% CI: 1.25 to 5.96, P = 0.003)."2
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Technological Optimization of PSE

PSE was improved by precisely controlling the embolization range. Using ultraselective intubation technology combined
with intraoperative image monitoring, the target embolization volume is controlled within 30-70% to avoid excessive
embolization. Imaging monitoring and revolution Computed Tomography (CT) prior to PSE can provide effective
methods for surgeons to manage embolization areas, clinically relieve hypersplenism, enhance liver function, and reduce
the risk of complications.'* The novel concept of the splenic infarction volume, rather than the splenic infarction ratio,
helps us identify appropriate treatments.*

Embolic materials for PSE have been gradually modified, from traditional gelatin sponges® to controllable
release microspheres, such as Embosphere®, drug-loaded microspheres, and biodegradable materials. This optimi-
zation can improve the embolization accuracy and reduce the risk of ectopic embolization.'* Gelatin sponges are
common temporary embolic materials. It is primarily used when the embolism area exceeds 50%. Absolute alcohol
and lipiodol are inexpensive temporary materials. Permanent materials are suitable for embolizing the main trunk
of the splenic artery. Metal materials such as polyvinyl alcohol (PVA) materials,'> and super absorbent polymer
microspheres (SAP-MS)'® are permanent materials. Currently, some materials in the experimental stage, such as
the CELPHERE, are safe solid embolic materials for permanent vascular occlusion in animal models.'”

The combination of PSE with other surgical or interventional radiology techniques has improved the success rates. In
combination with temporary balloon occlusion of the splenic artery trunk, the dosage of embolic agents is reduced."® Fluorescent
navigation embolization'® improves intraoperative visibility, which may reduce some of the complications associated with PSE.

Complications of PSE

PSE has fewer complications, milder symptoms, and is easier to manage.”®' Postoperative embolism syndrome, including
fever, abdominal pain, nausea and vomiting, bloating, and loss of appetite, is commonly reported. Corticosteroids and
analgesic pumps can alleviate thrombotic syndromes. In addition, the new embolic material reduced the rate of severe
complications by <5%. The incidence of splenic abscess is 3%-5%, and strict aseptic operation and antibiotic prevention
should be considered. The incidence of splenic rupture is less than 1%.?* The safety of PSE is better than that of splenectomy.

Sequential Splenectomy

PSE is considered a safe and effective adjuvant procedure performed prior to elective laparoscopic splenectomy in
children. The mean estimated blood loss during surgery was 9 mL, successfully reducing the amount of intraoperative
blood loss. Sequential splenectomy is superior to traditional splenectomy, and a nomogram-based prediction model can
predict the occurrence of intraoperative bleeding. >

Other Treatments in HS

Cholecystectomy

In patients with HS, bilirubin production increases significantly due to increased hemolysis. Excessive bilirubin deposits and
crystallizes in the gallbladder, leading to the formation of gallstones, biliary colic, cholecystitis, and even more serious
complications such as cholangitis.” Concurrently performing PSE and cholecystectomy was safe and effective, reducing the
degree of trauma associated with a second surgery. When PSE and cholecystectomy are performed in patients with liver
cirrhosis and hypersplenism, improved liver function provides a better foundation for cholecystectomy.”' However, large-
scale, high-quality studies with research limitations are lacking. Whether prophylactic cholecystectomy should be performed
for patients with HS without or with asymptomatic gallstones remains controversial. In summary, gallbladder removal in
patients with HS requires comprehensive consideration of various aspects.

Drug Therapy

Folic Acids

Folic acid supplementation is recommended for patients with HS because it increases RBC production. As a key enzyme
involved in the processes of deoxyribonucleic acid (DNA) synthesis and cell division, folic acid requirements are
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significantly high.?* Folic acid supplementation can effectively prevent megaloblastic anemia, thereby relieving anemia
symptoms and reducing transfusion dependence.

Erythropoietin Receptor Agonists

Erythropoietin receptor agonists (such as Luspastercept) promote erythroid progenitor cells by activating erythropoietin
receptors, significantly increasing effective RBC production, and reducing transfusion requirements. Studies have shown
that luspatercept has clinical efficacy in the treatment of transfusion-dependent anemia associated with myelodysplastic

25,26

syndrome (MDS) or B-thalassemia, which can effectively increase the Hb level of patients, reduce RBC transfusion

dependence, and significantly relieve anemia-related symptoms.

PSE for Other Diseases

In HS, a hereditary RBC membrane defect disease, PSE has shown unique clinical advantages in its treatment, providing
valuable ideas for other types of hemolytic anemia (HA) and idiopathic thrombocytopenic purpura (ITP).

Autoimmune Hemolytic Anemia (AIHA)

The pathogenesis of autoimmune hemolytic anemia (AIHA) involves autoantibodies that attack RBCs, leading to
hemolytic anemia. Excessive destruction of RBCs by the spleen and antibodies secreted by B cells are the causes of
refractory ATHA. Therefore, PSE can be considered a treatment option.?” Although PSE cannot fundamentally correct
immune system disorders, it can provide clinical benefits, and some patients experience improvement after the
operation.”® The PSE could be used as an effective alternative treatment method in emergency clinical situations.

Thalassemia

Thalassemia is a special type of HA caused by defects in globin gene synthesis. Severely ill patients with thalassemia present
with splenomegaly and hypersplenism, which further aggravates the symptoms of anemia. Research has indicated that PSE
can significantly reduce hemolytic anemia and increase platelet and WBC counts accordingly. PSE is a promising and
effective alternative to splenectomy. This operation not only significantly improves blood cells but also has high safety and can
retain part of the immune function of the spleen.*’

Idiopathic Thrombocytopenic Purpura (ITP)
In the pathogenesis of ITP, the spleen is the main site of platelet destruction and is an important site for the production of
platelet antibodies. PSE in patients with ITP can effectively reduce the destructive effects on the spleen and increase
platelet counts. Miyazaki et al showed that PSE has good application prospects for the treatment of chronic ITP,
especially in patients insensitive to glucocorticoids. More than 70% of patients achieve complete or partial remission.?’
Overall, the successful use of PSE in the treatment of HS provides new ideas for the treatment of other types of HA and ITP.>’
However, owing to the differences in the pathogenesis of various diseases and individual patient variations, before PSE,
a comprehensive assessment is needed, personalized plans should be developed, and the treatment effects and complications
should be closely monitored.

Discussion

Although splenectomy can effectively control HS, a series of complications can occur after surgery, including increased
infection, thrombosis, and splenic regeneration. Conversely, PSE retains some immune functions and ameliorates hemolysis
by reducing the destruction of spherical RBCs. Compared with those of splenectomy, the side effects of PSE are significantly
reduced.”' Furthermore, the sequential mode of PES-splenectomy has significant advantages in reducing bleeding during
surgery. Oral drugs such as folic acid and erythropoietin receptor agonists provide nonsurgical options for treating HS,* and
PSE can be combined with drugs or surgical treatments for HS to improve the response rate and reduce the degree of effect.
The application of PSE therapy in HSs provides a new therapeutic approach for other immune-related diseases such as AIHA
and ITP. When combined with drugs or concurrently treated with PSE and laparoscopic cholecystectomy, PSE plays
a synergistic role in controlling hemolysis and provides greater flexibility in the selection of clinical treatment plans.
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Table 1 Comparison of Core Clinical Indicators Between Splenectomy and PSE in the Treatment of HS

Clinical Indicator

Splenectomy

Partial Splenic Embolization (PSE)

Surgical Indications

Operative Techniques

Primary treatment for moderate-to-severe anemia or severe
complications

Complete or partial removal of the spleen; requires post-
operative management for infection prevention

Hypersplenism, mild-to-moderate anemia, patients
requiring immune function preservation

Invasive, selective embolization of the splenic vessel,
preserving some immune function

Hemoglobin Improvement
Platelet Counts
White Blood Cell Counts

Spleen Volume Reduction

Significant improvement Slower and more gradual

Significant increase Moderate increase

No significant change Significant increase

Complete removal of spleen Significant reduction (spleen volume decreased by

75-90%)

Infection Risk Higher lifetime risk of infections, including OPSI Lower infection risk

Immune Function Preservation Permanent loss of immune function Retains some immune function

Long-Term Complications Thrombosis, post-splenectomy syndrome, recurrence of Fewer long-term complications

hypersplenism, potential malignancies

Recurrence Rate Possible recurrence

Very low recurrence rate

Patient communication and education are important, as are providing full informed consent, clearly communicating complex
risks, and understanding long-term follow-up and emergency management after surgery.

By comparing the advantages and disadvantages of splenectomy and PSE (Table 1), we find the optimized choice for HSs.
The disadvantages and postoperative complications in splenectomy, leading the increasingly rare application. More and more
clinical doctors are recognizing the advantages of PSE. And supplementary thinking on individualized treatment combined
with clinical scenarios (pediatric/adult patients, patients with combined immune diseases) were gradually recognized.

Prospects

According to existing research, PSE has unique advantages in the treatment of HS; however, further investigation is needed to
determine the optimal timing and extent of embolization. Although PSE effectively benefits patients with HS, the remaining
functional splenic tissue may lead to the recurrence of hemolysis and related symptoms. This is accompanied by complications
such as splenic abscesses and splenic ruptures. PSE requires optimization of the embolization protocol, including the rational
selection of embolization materials, precise control of the degree of embolization, and scientific determination of the timing of
repeat embolization. Furthermore, MDTs, including those in the Hematology, Pediatric, Surgery, Anesthesiology, Infection,
and Immunology vaccination departments, should participate jointly.

Since patients with HS have a unique genetic background, gene-editing therapy based on CRISPR/Cas9 technology,”° which
can repair pathogenic gene mutations in HS (such as those in the ANK1 and SLC4A1 genes), can fundamentally rehabilitate
RBC membrane defects. These preclinical studies have provided new insights into HS healing. Technical and ethical challenges
must be overcome, and off-target effects and long-term safety issues require special attention. Similarly, long-term follow-ups
and evaluations of the scientific efficacy of PSE are indispensable. Through an in-depth analysis of the relevant factors affecting
individual differences, clinicians can develop more accurate and effective treatment plans, thereby improving patients’ quality of
life and long-term prognosis.

In conclusion, HS treatment is constantly being optimized and improved. Both splenectomy and PSE have their advantages
and disadvantages. Currently, PSE is gradually becoming a promising minimally invasive treatment that is expected to replace
splenectomy. We compared 7 core clinical dimensions between Splenectomy and PSE in the treatment of HS, including
surgical indications, operative techniques, hemoglobin improvement, infection risk, immune function preservation, long-term
complications and recurrence rate. PSE is better than Splenectomy. Furthermore, exploring more effective, safe, and
personalized treatment methods is the key to improving the prognosis of patients with HS.
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