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Abstract 

Background Biliary obstruction is a rare complication in patients with hereditary spherocytosis (HS). The clinical 
course and optimal treatment strategies for HS patients complicated by biliary obstruction remain unclear.

Methods We conducted a retrospective review of 16 pediatric HS patients complicated by biliary obstruction who 
were treated at our hospital between January 2018 and October 2024. Based on previously published clinical severity 
classifications, patients were divided into Group A (non-severe group: trait, mild, and moderate) and Group B (severe 
group).

Results The study included 16 patients with a mean age of 9.0 ± 3.2 years, evenly distributed between the two 
groups (8 patients each). Preoperative routine blood tests showed no significant differences between the groups; 
however, Group B exhibited higher bilirubin levels and lower liver enzyme levels. Genetic testing was performed 
in 12 patients, revealing SPTB gene mutations in 7 (58.3%). Conservative management effectively resolved biliary 
obstruction in 10 patients (62.5%) within 14 days. Invasive interventions, such as endoscopic retrograde cholangio-
pancreatography (ERCP) or cholecystostomy, were required in 6 patients, with conjugated bilirubin levels normalizing 
within five days post-procedure. Complications occurred in two patients with prolonged intervals between diagno-
sis and surgery (> 3 months): one required stent replacement due to blockage after ERCP, and the other developed 
a gallbladder-skin fistula and coagulation disorder following laparoscopic cholecystostomy. Of the 14 patients who 
underwent subsequent splenectomy and/or cholecystectomy, 12 recovered without complications. Notably, the 6 
patients who underwent splenectomy alone without cholecystectomy did not experience biliary colic during a mean 
follow-up period of 3.4 years (range: 0.5 – 5.5 years).

Conclusions Biliary obstruction can complicate HS in pediatric patients regardless of anemia severity, particularly 
in those with SPTB gene mutations. Conservative management is effective in most cases, while invasive procedures 
are required for refractory cases. Shortening the interval between diagnosis and subsequent surgery may help pre-
vent complications. Splenectomy alone appears to be a viable option once biliary obstruction is resolved.
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Background
Hereditary spherocytosis (HS) is a common inherited 
hemolytic disease characterize by anemia, jaundice and 
splenomegaly [1, 2]. The underlying defect in the sphero-
cyte cell membrane predisposes these cells to entrapment 
and destruction in the spleen, leading to significantly ele-
vated bilirubin levels in the biliary system and the forma-
tion of pigment gallstone. Consequently, complications 
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such as cholecystitis, cholangitis, pancreatitis and biliary 
obstruction are clinical concerns in HS patients.

The prevalence of gallbladder stone in pediatric HS 
patients is reported to be 17% [3], with this figure raising 
to 41% when regular biliary ultrasound scan is initiated 
earlier [4]. But most these gallstones remain asympto-
matic, as evidence indicated that symptomatic cases 
requiring cholecystectomy mainly involve cholesterol 
stones [5, 6]. Most HS pediatric cases with biliary stone 
are diagnosed before the age of 13 [4, 7]. Acute biliary 
obstruction associated with gallstone in HS is a severe 
but rarely reported manifestation that sometimes be fatal 
[8]. Despite its clinical significance, there is limited con-
sensus on the optimal management strategies, particu-
larly regarding surgical interventions [3].

The aim of this study is to review the clinical presenta-
tion, management and outcomes of acute biliary obstruc-
tion in pediatric HS patients, with the goal of narrowing 
the existing knowledge gap and providing evidence-based 
recommendations for clinical practice.

Methods and materials
Patients
Medical records of HS patients who were admitted 
for biliary obstruction and received treatments in the 
Department of General Surgery, Beijing Children’s Hos-
pital between January 2018 and October 2024 were retro-
spectively reviewed. HS is diagnosed based on hemolytic 
anemia, microspherocytes in peripheral blood smears, 
positive osmotic fragility test, gene testing. Biliary 
obstruction was diagnosed based on (1) clinical presen-
tations of biliary colic: sudden onset of abdominal pain 
and aggravated jaundice; (2) laboratory tests: high level of 
conjugated bilirubin; (3) abdominal imaging shows com-
mon bile duct stones and dilated. The inclusion criteria 
were pediatric HS patients who were treated at our insti-
tution for biliary obstruction. The exclusion criteria were 
patients with incomplete medical charts, other concomi-
tant biliary duct diseases.

Study design
This is an Institutional Review Board (IRB) approved 
retrospective cohort study (IRB reference number 
2025-E-002-R). Patients were classified into Group A and 
Group B based on clinical manifestations as previously 
published to identify if anemia severity is associated with 
biliary obstruction [3]: Group A (non-severe group: trait, 
mild and moderate), Group B (severe group). Medical 
charts were reviewed for age, sex, clinical manifestations, 
gene mutations, anemia severity, blood transfusion his-
tory, family history, imaging studies, blood tests, biliary 
obstruction treatment, subsequent surgery and compli-
cation. Following data were analyzed between Group A 

and Group B to identify any statistical difference: age, 
sex, laboratory test results (hemoglobin, total bilirubin 
(TBIL), conjugated bilirubin, unconjugated bilirubin, 
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), gamma-glutamyl transferase (GGT), total 
bile acid (TBA).

Study outcomes
The primary outcomes of the study were the success 
treatment of biliary obstruction, recurrent colic and inva-
sive related complications. Secondary outcomes were 
symptoms.

Conservative treatments
During admission, patients remained fasting until bili-
rubin levels declined, progressing from low-fat to nor-
mal diet as conjugated bilirubin normalized. Sulperazon 
(cefoperazone-sulbactam, 20–40 mg/kg/day) was given 
until jaundice resolution for infection prevention, with 
supportive care comprising parenteral nutrition and ibu-
profen analgesia.

Surgical indication and technique
For patients with severe jaundice (conjugated biliru-
bin > 200 μmol/L) or those refractory to conservative 
management after 48 h, surgical bile duct exploration 
or endoscopic retrograde cholangiopancreatography 
(ERCP) is performed under general anesthesia. Except in 
emergency circumstances, splenectomy is deferred until 
completion of essential immunizations [3]. The standard 
approach involves laparoscopic splenectomy and/or chol-
ecystectomy via a four-port technique, with intraopera-
tive conversion to open surgery in cases of uncontrolled 
hemorrhage or technically challenging anatomy.

Follow‑up
Patients were discharged upon meeting all of the follow-
ing criteria: (1) resolution of symptoms, (2) normaliza-
tion of conjugated bilirubin levels, and (3) adequate oral 
nutritional intake. Postoperative follow-up included 
clinical evaluation at one month for patients undergo-
ing splenectomy and/or cholecystectomy. For non-chol-
ecystectomized patients, surveillance biliary ultrasound 
was performed at six-month intervals. For patients who 
underwent ERCP, stent reevaluation was scheduled 
within 3–6 months to assess the need for replacement or 
removal.

Statistical analysis
All statistical analysis was performed with SPSS version 
22.0. Continuous variables with normal distribution were 
presented as the mean (standard deviation) and were 
analyzed with Student’s t-test. Continuous variables with 



Page 3 of 6Huang et al. BMC Pediatrics          (2025) 25:404  

nonnormal distribution were presented as median (Inter 
Quartile Range, IQR) and were analyzed with Wilcoxon–
Mann–Whitney’s test. Nominal data were compared with 
chi-square test. Statistical significance was set at p < 0.05.

Results
Over the study period, 16 patients were identified with 
a mean age of 9.0 ± 3.2 years (range: 3.3–13.8 years old). 
Patients were evenly distributed between the two groups 
(8 patients each), their characteristics were summarized 
in Table 1. Group A was younger than Group B (8.0 ± 3.3 
years, 10.0 ± 2.9 years, respectively), but no significant 
difference was found (P = 0.226).

A positive family history was noted in 8 patients (50%). 
Notably, half of the patients (8/16, 50%) were nots diag-
nosed with HS prior to the onset of biliary obstruction. 
Among the 12 patients who underwent genetic testing, 
SPTB gene mutations were the most prevalent(7/12, 
58.3%), followed by ANK1(4/12, 25%) and SPAT1(1/12, 
8.3%) gene mutations.

The laboratory test results of all patients on admission 
are summarized in Table  2. The findings revealed a sig-
nificant elevation in total bilirubin levels, predominantly 
driven by conjugated bilirubin. Liver enzymes (AST, 
ALT) and hemoglobin levels remained within normal 
ranges or showed only mild alterations. Although no sta-
tistically significant differences were found between the 
two groups, Group B exhibited higher levels of biliru-
bin, GGT and TBA, along with lower levels of AST, ALT, 
hemoglobin level (Table 2).

Imaging studies, including abdominal ultrasound or 
MRI, confirmed splenomegaly in all patients in addition 
to findings consistent with biliary obstruction.

Treatment was initiated immediately after admis-
sion. Conservative treatment was effective in 10 patients 
(62.5%) within 14 days. Invasive treatment (ERCP or 
cholecystostomy) was indicated in 6 patients (three 
patients in each group) due to persistent cholestasis and 

Table 1 Summary of 16 hereditary spherocytosis pediatric with 
biliary obstruction

Hb Hemoglobin
a Transfusions before admitted for biliary obstruction
b attempted laparoscopic failed and converted to open surgery

Case (n)

Sex
 Male 9

 Female 7

Age
 < 120 months 10

 > 120 months 6

Gene mutation
 SPTB 7

 ANK1 4

 SPTA1 1

Anemia at birth 11
Anemia degree
 Mild (Hb > 130 g/L) 4

 Moderate (Hb 80 ~ 130 g/L) 4

 Moderately severe (Hb 60 ~ 80 g/L) 5

 Severe (Hb < 60 g/L) 3

Obstruction Treatment
 Conservative 10

 ERCP 5

 Laparoscopic cholecystostomy 1

Blood Transfusionsa

 > 2 5

 1 ~ 2 3

 No 8

Surgery
 Laparoscopic splenectomy 6

 Laparoscopic splenectomy & cholecystectomy 4

 Open splenectomy &  cholecystectomyb 1

 Laparoscopic cholecystectomy 1

 Laparoscopic splenectomy & cholecystolithotomy 2

Table 2 Laboratory tests on admission

TBIL Total bilirubin, AST Aspartate aminotransferase, ALT Alanine aminotransferase, GGT  Gamma-glutamyl transferase, TBA Total bile acid
a Non-normally distributed data are reported as median (Inter Quartile Range, IQR)

Meana Group A Group B P Reference

TBIL, µmol/L 478.7 ± 282.6 389.6 ± 188.9 567.9 ± 344.7 0.07 3.42 ~ 20.5

Conjugated bilirubin, µmol/L 318.5 ± 264.6 246.7 ± 182.9 390.2 ± 325.9 0.10 0 ~ 3.42

Unconjugated bilirubin, µmol/L 160.3 ± 58.1 142.8 ± 62.2 177.7 ± 52.3 0.42 0 ~ 17.1

AST, U/L 77.6 ± 43.7 85.0 ± 54.5 70.2 ± 32.1 0.18 21 ~ 80

ALT, U/L 154.0 ± 126.5 171.5 ± 150.4 136.6 ± 106.3 0.32 7 ~ 30

GGT, U/L 166.4 (197.3)a 168.9 (147.8)a 174.4 ± 128.3 0.66 6 ~ 31

TBA, µmol/L 12.8 (196.5)a 9.9 (439.1)a 15.8 (102.14)a 0.06 0 ~ 10

Hemoglobin, g/L 101 ± 11.5 102.4 ± 9.2 100.1 ± 14.2 0.14 112 ~ 149
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significantly higher conjugated bilirubin levels compared 
to those managed conservatively (479.5 ± 113.6 µmol/L 
vs 197.7 ± 66.9 µmol/L, P = 0.04). In all 6 patients who 
underwent invasive procedures, conjugated bilirubin lev-
els normalized within five days post-intervention. Post-
operative complication occurred in two patients. One 
patient required replacement of an ERCP-implanted bil-
iary stent three months after the initial stent was blocked. 
The other patient, who underwent laparoscopic chol-
ecystostomy, developed a gallbladder-skin-fistula and 
subsequent coagulation disorder secondary to fat-soluble 
vitamin deficiency.

Among all patients, one patient is awaiting splenec-
tomy, another with mild type underwent ERCP for 
symptoms relief but declined further surgical inter-
vention. Twelve patients underwent splenectomy and/
or cholecystectomy had uneventful recovery (Table  1). 
However, one patient who underwent synchronous chol-
ecystolithotomy during splenectomy developed postop-
erative pleural effusion, which required closed drainage. 
Additionally, a 9-year-old girl developed streptococcus 
pneumoniae infection ten days after splenectomy due to 
insufficient preoperative vaccination.

Among six patients who underwent splenectomy with-
out cholecystectomy, none experienced biliary colic dur-
ing a mean follow-up period of 3.4 years (range: 0.5–5.5 
years).

Discussion
Biliary obstruction and hyperbilirubinemia are rare 
symptoms of HS. Our study challenges the conventional 
assumption that anemia severity correlates with gall-
stone-related complications. Notably, 50% of the patients 
belongs to non-severe group, their mean age is younger 
than the severe group. This finding aligns with Han [8], 
suggesting that biliary complications may arise indepen-
dently of anemia severity. Hyperbilirubinemia, in this 
scenario, is driven by three mechanisms: biliary obstruc-
tion, liver cell damage and recurrent hemolysis. In early-
stage mild-type HS patients, liver cell damage may play a 
dominate role, as evidenced by the higher liver enzyme 
levels observed in our non-severe group (Group A). This 
finding suggests that symptomatic biliary complication 
can occur in mild-type HS regardless of age, highlighting 
the importance of regular biliary scan for both mild-type 
and severe-type HS patients.

The rarity of biliary obstruction in HS also leads to 
delayed diagnosis of hemolytic anemia. In our study, 
eight patients were neither diagnosed nor suspected of 
having HS on admission, as they exhibited mild to no 
anemia. This phenomenon can be explained by the fact 
that obstructive jaundice increases red cell membrane 
lipid, makes it to a less spheroidal shape and permits it 

to better transform in splenic circulation, thereby ame-
liorating hemolytic anemia [9]. Therefore, caution is 
required when unexplained anemia appears after the res-
olution of biliary obstruction, particularly in the presence 
of splenomegaly, as observed in our eight patients. A pos-
itive family history of HS further supports the diagnosis, 
making it more straightforward [3].

Several genes encoding red cell membrane proteins 
and cytoskeleton have been reported previously in HS, 
with specific mutations identified as causative factors [3]. 
Although studies showed that specific variants within 
these genes are not correlated with anemia severity or 
predictive of early splenectomy, patients with the same 
genotype tend to share similar clinical phenotype [10]. 
A previous example is the co-occurrence of Gilbert syn-
drome (caused by UGT1 A1 gene mutations) with HS, 
which increases the risk of gallstone formation fivefold 
and predisposes patients to early onset cholelithiasis 
[4, 11]. In our study, 58.3% (7/12) of patients harbored 
pathogenic SPTB gene mutations, which is consistent 
with reports from other similar studies [8, 12]. Moreover, 
SPTB variants are relatively uncommon in east-Asian HS 
population [1]. The high prevalence of SPTB gene muta-
tions in our cohort suggests a potential association with 
biliary obstruction, however, further research is needed 
to elucidate underlying mechanisms.

Over half of our patients (62.5%) responded well to 
conservative management. However, for patients with 
severe jaundice and dilated common bile duct, active 
interventions are necessary. Both laparoscopic common 
bile duct exploration (LCBDE) and ERCP are equally 
effective options [13, 14]. In our study, five patients 
underwent ERCP, and their outcomes, along with find-
ings from other reports [15, 16], support the use of 
ERCP due to its high immediate success and low com-
plication rate. LCBDE represents an important alterna-
tive approach [17], particularly given its advantage of 
sphincter preservation and comparable efficacy to ERCP 
in pediatric studies [14, 18]. In a more recent multicenter 
study, when endoscopic access is technically challenging 
or unavailable, surgery first approach decreases length of 
stay and time to definitive intervention [19].

Questions concerning timing of subsequent splenec-
tomy and cholecystectomy remains. On one hand, per-
forming those procedures during the same-admission 
reduces the risk of recurrent gallstone-related complica-
tions [20]. On the other hand, some patients require addi-
tional time to confirm the diagnosis of HS and complete 
necessary immunizations [3]. Two patients in our study 
experienced complications: one required biliary stent 
replacement, and the other developed a gallbladder-skin 
fistula. These complications, we believe, were associated 
with prolonged intervals between initial and subsequent 
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surgeries (over three months). Therefore, we recommend 
performing subsequent surgeries within three months to 
prevent stent-related issues and reduce the risk of recur-
rent obstructive cholangitis [21].

While symptomatic gallstones are a clear indication 
for cholecystectomy, there is no consensus on the man-
agement of asymptomatic gallstone in patients undergo-
ing splenectomy [3]. In our study, after removal of the 
initial obstructive stones, gallstones became clinically 
silent, leading six patients to refuse concomitant chol-
ecystectomy. The decision behind this was supported 
by three key observations: First, pigment stones stop to 
form after splenectomy [22]. Second, our previous study 
demonstrated that asymptomatic stone often remain 
quiescent for extended periods [23]. Consistent with 
these findings, none of the six patients in this cohort 
developed biliary complications during a mean follow-
up about three years, suggesting that residual biliary 
stones may persistent without clinical sequelae for sev-
eral years. Furthermore, ongoing debate exists regarding 
whether cholecystectomy might increase long-term risk 
of colon cancer [24–27], potentially mediated by increas-
ing deoxycholic acid levels [28]. Although more recent 
evidence generally refutes this association [29], parents 
in our study expressed concern about this potential risk. 
Additionally, traditional Chinese culture often favors 
gallbladder preservation and conservative management, 
even when potential biliary complications exist [30]. We 
emphasize that we do not advocate universal gallblad-
der preservation in these cases. However, based on our 
findings, splenectomy alone without cholecystectomy 
may be considered when: (1) biliary obstruction has been 
resolved, and (2) gallstones remain asymptomatic. We 
recommend close clinical surveillance for these patients, 
with laparoscopic cholecystectomy indicated upon devel-
opment of any biliary complications.

This study is limited by its retrospective design and 
small sample size. Although patient numbers were 
restricted by disease rarity, future multicenter prospec-
tive studies may provide stronger evidence.

In summary, our study demonstrates that biliary 
obstruction can occur in pediatric patients with HS, 
regardless of anemia severity, particularly in those with 
SPTB gene mutations. For patients who do not respond 
well to conservative management, invasive interven-
tions such as ERCP and LCBDE are effective in resolving 
obstruction. Shortening the interval between initial treat-
ment and subsequent surgeries helps to prevent compli-
cations and recurrent symptoms. Splenectomy alone may 
be sufficient once biliary obstruction is resolved, pro-
vided gallstones remain asymptomatic.

Abbreviations
HS  Hereditary spherocytosis

LCBDE  Laparoscopic common bile duct exploration
ERCP  Endoscopic retrograde cholangiopancreatography

Acknowledgements
Not applicable.

Clinical trial number
Not applicable.

Author’s contributions
XJH collected, analyzed the data and drafted the manuscript. CHP and YJC 
conceived the study. DYW, ZMW, KW, WC facilitated all project-related tasks.All 
authors read and approved the final manuscript.

Funding
No funding was received in this study.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
This study was approved by the Medical Research Ethics Committee, Beijing 
Children’s Hospital, Capital Medical University, National Center for Children’s 
Health (2025-E-002-R). written informed consent was obtained from all par-
ents for participating in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 9 February 2025   Accepted: 12 May 2025

References
 1. Perrotta S, Gallagher PG, Mohandas N. Hereditary spherocytosis. Lancet. 

2008;372(9647):1411–26.
 2. Yawata Y, Kanzaki A, Yawata A, Doerfler W, Ozcan R, Eber SW. Characteris-

tic features of the genotype and phenotype of hereditary spherocytosis 
in the Japanese population. Int J Hematol. 2000;71(2):118–35.

 3. Bolton-Maggs PH, Langer JC, Iolascon A, Tittensor P, King MJ. General 
Haematology Task Force of the British Committee for Standards in H: 
Guidelines for the diagnosis and management of hereditary spherocyto-
sis–2011 update. Br J Haematol. 2012;156(1):37–49.

 4. Tamary H, Aviner S, Freud E, Miskin H, Krasnov T, Schwarz M, Yaniv I. High 
incidence of early cholelithiasis detected by ultrasonography in children 
and young adults with hereditary spherocytosis. J Pediatr Hematol Oncol. 
2003;25(12):952–4.

 5. Goldman DA. Gallbladder, gallstones, and diseases of the gallbladder in 
children. Pediatr Rev. 2020;41(12):623–9.

 6. Pogorelic Z, Aralica M, Jukic M, Zitko V, Despot R, Juric I. Gallbladder 
disease in children: a 20-year single-center experience. Indian Pediatr. 
2019;56(5):384–6.

 7. Rutkow IM. Twenty years of splenectomy for hereditary spherocytosis. 
Arch Surg. 1981;116(3):306–8.

 8. Han N, Huang W, Wang J, Bai L, Yan L, Tang H. Hereditary spherocytosis 
complicated by intrahepatic cholestasis: two case reports. Ann Transl 
Med. 2022;10(22):1255.

 9. Cooper RA, Jandl JH. The role of membrane lipids in the survival of red 
cells in hereditary spherocytosis. J Clin Invest. 1969;48(4):736–44.

 10. Tole S, Dhir P, Pugi J, Drury LJ, Butchart S, Fantauzzi M, Langer JC, 
Baker JM, Blanchette VS, Kirby-Allen M, et al. Genotype-phenotype 
correlation in children with hereditary spherocytosis. Br J Haematol. 
2020;191(3):486–96.



Page 6 of 6Huang et al. BMC Pediatrics          (2025) 25:404 

 11. del Giudice EM, Perrotta S, Nobili B, Specchia C, d’Urzo G, Iolascon 
A. Coinheritance of Gilbert syndrome increases the risk for devel-
oping gallstones in patients with hereditary spherocytosis. Blood. 
1999;94(7):2259–62.

 12. Zhang YD, Zuo NY, Zhang SS, Dong QW, Zhang SH, Ma L, Fu LB, Ding ZL. 
Hereditary spherocytosis with intrahepatic cholestasis caused by SPTB 
gene mutation in a case. Zhonghua Er Ke Za Zhi. 2019;57(11):893–5.

 13. Williams E, Beckingham I, El Sayed G, Gurusamy K, Sturgess R, Webster G, 
Young T. Updated guideline on the management of common bile duct 
stones (CBDS). Gut. 2017;66(5):765–82.

 14. Pogorelic Z, Lovric M, Jukic M, Perko Z. The laparoscopic cholecystectomy 
and common bile duct exploration: a single-step treatment of pediatric 
cholelithiasis and choledocholithiasis. Children (Basel). 2022;9(10):1583.

 15. Wree A, Canbay A, Muller-Beissenhirtz H, Dechene A, Gerken G, Duhrsen 
U, Lammert F, Nuckel H. Excessive bilirubin elevation in a patient with 
hereditary spherocytosis and intrahepatic cholestasis. Z Gastroenterol. 
2011;49(8):977–80.

 16. Wang Y, Liu L, Liu D, Liu W. A de novo ANK1 mutation in a childhood 
hereditary spherocytosis: a case report. BMC Pediatr. 2023;23(1):267.

 17. Bosley ME, Zamora IJ, Neff LP. Choledocholithiasis-a new clinical pathway. 
Transl Gastroenterol Hepatol. 2021;6:35.

 18. Dantes G, Rauh JL, Smith S, Aworanti E, Wallace MW, Zamora IJ, Krinock 
D, Siddiqui S, Witte A, Flynn OBK, et al. Multi-institutional analysis 
of choledocholithiasis in pediatric vs adult patients. J Pediatr Surg. 
2024;59(12):161661.

 19. Reid G, Rauh JL, Wood E, Dantes G, Santore MT, Wallace MW, Zamora IJ, 
Collings A, Callier K, Slater BJ, et al. “Surgery First” vs. “Endoscopy first” for 
pediatric choledocholithiasis presenting at the end of the week - a cares 
working group study. J Pediatr Surg. 2025;60(1):161959.

 20. da Costa DW, Bouwense SA, Schepers NJ, Besselink MG, van Santvoort 
HC, van Brunschot S, Bakker OJ, Bollen TL, Dejong CH, van Goor H, et al. 
Same-admission versus interval cholecystectomy for mild gallstone 
pancreatitis (PONCHO): a multicentre randomised controlled trial. Lancet. 
2015;386(10000):1261–8.

 21. Di Giorgio P, Manes G, Grimaldi E, Schettino M, D’Alessandro A, Di Giorgio 
A, Giannattasio F. Endoscopic plastic stenting for bile duct stones: stent 
changing on demand or every 3 months A prospective comparison 
study. Endoscopy. 2013;45(12):1014–7.

 22. Sandler A, Winkel G, Kimura K, Soper R. The role of prophylactic cholecys-
tectomy during splenectomy in children with hereditary spherocytosis. J 
Pediatr Surg. 1999;34(7):1077–8.

 23. Liu Y, Jin S, Li Y, Xu R, Pang W, Wang K, Wang Z, Chen Y. Treatment of 
asymptomatic gallstones in children with hereditary spherocytosis 
requiring splenectomy. J Pediatr Surg. 2023;58(4):756–61.

 24. Shang J, Reece JC, Buchanan DD, Giles GG, Figueiredo JC, Casey G, Gall-
inger S, Thibodeau SN, Lindor NM, Newcomb PA, et al. Cholecystectomy 
and the risk of colorectal cancer by tumor mismatch repair deficiency 
status. Int J Colorectal Dis. 2016;31(8):1451–7.

 25. Munoz RA, Ramos AA, Miranda FJ, De La Rosa JE, Munoz AE, Ramirez 
AA, Chavez EP, Gallardo G, Pizarro S. Cholecystectomy is a risk factor for 
proximal colon cancer that may also relate to its aggressiveness. J Surg 
Res. 2024;304:152–61.

 26. Shao T, Yang YX. Cholecystectomy and the risk of colorectal cancer. Am J 
Gastroenterol. 2005;100(8):1813–20.

 27. Schernhammer ES, Leitzmann MF, Michaud DS, Speizer FE, Giovannucci 
E, Colditz GA, Fuchs CS. Cholecystectomy and the risk for develop-
ing colorectal cancer and distal colorectal adenomas. Br J Cancer. 
2003;88(1):79–83.

 28. Yao Y, Li X, Xu B, Luo L, Guo Q, Wang X, Sun L, Zhang Z, Li P. Cholecystec-
tomy promotes colon carcinogenesis by activating the Wnt signaling 
pathway by increasing the deoxycholic acid level. Cell Commun Signal. 
2022;20(1):71.

 29. Yu L, Liu W, Yan Y, Jiang Y, Gao X, Ruan S. No association between 
cholecystectomy and risk of colorectal cancer: a meta-analysis of cohort 
studies. Int J Colorectal Dis. 2023;38(1):179.

 30. Zhu X, Liu J, Wang F, Zhao Q, Zhang X, Gu J. Influence of traditional 
Chinese culture on the choice of patients concerning the technique for 
treatment of cholelithiasis: Cultural background and historical origins of 
gallbladder-preserving surgery. Surgery. 2020;167(2):279–82.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Biliary obstruction in pediatric hereditary spherocytosis: a clinical review of 16 cases
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods and materials
	Patients
	Study design
	Study outcomes
	Conservative treatments
	Surgical indication and technique
	Follow-up
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


