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Patients with hemolytic diseases are at increased risk for gallstone-related
complications. Modified scoring systems have been developed to assess
which pediatric patients would benefit from endoscopic retrograde
cholangiopancreatography (ERCP) to treat choledocholithiasis. This study aimed
to evaluate the ability of the available criteria to determine which pediatric
patients with hemolytic diseases are likely to benefit from ERCP. A secondary
analysis was performed using the Pediatric ERCP Database Initiative database,
which contains prospectively collected data from 1,124 ERCPs at tertiary-care
institutions. We compared patients with a hemolytic disease to those without.
Data was analyzed by two-tailed Fisher’s exact test and paired student t-test. Of
the 47 (17.0%) patients who had a hemolytic disease, 34 (72.3%) had one or more
common bile duct (CBD) stones at the time of ERCP. Among patients with
hemolytic diseases, there were no differences in pre-ERCP imaging or laboratory
findings between those with a CBD stone removed at ERCP and those without.
Patients with hemolytic diseases did not fit the current choledocholithiasis
selection criteria well: 80% in the no-stone at ERCP group met the American
Society of Gastrointestinal Endoscopy high-risk criteria, and 90% met the 2016
modified Baylor pediatric criteria. Although not statistically significant, there was
an increased number of adverse events in patients with hemolytic diseases.
Existing ERCP criteria perform poorly in patients with hemolytic diseases,
overestimating their risk of choledocholithiasis. Peri-procedure evaluations such
as endoscopic ultrasound, magnetic resonance cholangiopancreatography, and
intraoperative cholangiography appear underutilized and may be essential
modalities in this population.
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Introduction

Pediatric patients with hemolytic diseases, including sickle cell

disease, thalassemia, and red cell membrane disorders like

hereditary spherocytosis, are at increased risk for gallstone-

related complications such as choledocholithiasis (1, 2). However,

risk stratification for patients who would benefit from endoscopic

retrograde cholangiopancreatography (ERCP) in this population

is less straightforward than the general pediatric population given

baseline elevations in bilirubin and transaminases in the setting

of ongoing hemolysis. Additionally, the role of intrahepatic

sickling, with or without infarction, in sickle cell disease is often

difficult to assess when there is co-existing gallbladder disease.

Chronic liver injury secondary to iron overload can also

contribute to baseline laboratory abnormalities in patients who

receive frequent blood transfusions (2).

The ability to accurately predict choledocholithiasis using non-

invasive measures such as laboratory markers and imaging is of

great interest to avoid non-therapeutic ERCP and its associated

risks and costs (3). Non-therapeutic ERCP refers to ERCP in

which a gallstone is not identified in the common bile duct

during the procedure. Recent guidelines have moved to increase

specificity in the parameters to minimize these “negative” ERCPs

(3). Modified pediatric scoring systems have been developed to

assess which patients would benefit from ERCP. These scoring

systems are primarily based on bilirubin and common bile duct

(CBD) diameter (4–6). Specifically, conjugated bilirubin has been

found to have a higher sensitivity than total bilirubin in

predicting choledocholithiasis in pediatric patients (5). With this

in mind, the primary aim of this study was to evaluate the ability

of the currently recommended criteria to determine which

pediatric patients with hemolytic diseases would benefit from

ERCP to treat choledocholithiasis.
Methods

A secondary analysis was performed using the Pediatric ERCP

Database Initiative (PEDI) database. This international database

contains prospectively collected data from 1,124 ERCPs

performed at 13 large, tertiary-care institutions. This study was

part of a distinct substudy involving 8 of the 13 centers.

Inclusion criteria were age less than 19 years and ERCP

performed for suspected choledocholithiasis. Patients were

excluded if they had a prior ERCP or intervention for

choledocholithiasis, such as laparoscopic common bile duct

exploration (LCBDE). Detailed information on this cohort has

been published (7). The study was approved by each individual

center’s institutional review board, and informed consent was

obtained as per each institution’s institutional review

board requirements.

Information was collected on patient demographics [e.g., age,

sex, race, and body mass index (BMI)] and clinical presentation,

including right upper quadrant pain at rest, right upper quadrant

pain with palpation, jaundice, and nausea. It was also noted
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whether the patient had a diagnosis of gallstone pancreatitis or

cholangitis. For patients over two years of age, obesity was

defined as BMI greater than or equal to the 95th percentile for

age and sex.

Patients’ pre-ERCP imaging findings were assessed for the

presence of a common bile duct stone. Imaging techniques used

at the various institutions included ultrasound, magnetic

resonance cholangiopancreatography (MRCP), intraoperative

cholangiography (IOC), and endoscopic ultrasound (EUS). The

presence of a common bile duct stone on intraoperative

cholangiography was defined as no duodenal filling of contrast

with filling of the CBD or identification of a fixed or mobile

filling defect in the CBD. In the other imaging modalities, the

presence of a common bile duct stone was identified visually, by

shadowing on the sonograms or a filling defect on MRCP.

Laboratory indices were also collected, including total bilirubin,

conjugated or direct bilirubin, alanine aminotransferase, aspartate

aminotransferase, gamma-glutamyl transferase, and alkaline

phosphatase, at the time of admission and within 24 h of ERCP.

ERCP outcomes were defined as whether a stone was identified

and whether it was removed from the common bile duct during

ERCP. Adverse events were categorized using the American

Society for Gastrointestinal Endoscopy (ASGE) lexicon as

pancreatitis, bleeding, failed cannulation, or other adverse events (8).

Patient data was evaluated in relation to the 2019 ASGE high-

risk criteria, which include common bile duct diameter greater

than 6 mm, total bilirubin greater than 4 mg/dl, clinical ascending

cholangitis, or stone seen on ultrasound or cross-sectional imaging

(3), and the 2016 modified Baylor pediatric criteria, which include

common bile duct diameter greater than 6 mm and conjugated

bilirubin greater than or equal to 0.5 mg/dl (5).

Study data were collected and managed using Research

Electronic Data Capture (REDCap Software, Vanderbilt

University) tool hosted at University of Texas Southwestern

Medical Center. REDCap is a secure, web-based application

designed to support data capture for research studies, providing

(1) an intuitive interface for validated data entry, (2) audit trails

for tracking data manipulation and export procedures, (3)

automated export procedures for seamless data downloads to

common statistical packages, and (4) methods for importing data

from external sources. This study was supported by the UT

Southwestern Academic Information System (CTSA NIH Grant

UL1-RR024982) and the REDCap project. Data was analyzed by

two-tailed Fisher’s exact test and paired student t-test, with

statistical significance drawn at p < 0.05.
Results

296 patients who required ERCP were enrolled from 8 of the

13 sites within the PEDI registry. Of those, 11 patients without

hemolytic diseases were excluded for prior ERCP, and 8 patients

with hemolytic diseases were excluded for prior ERCP or

LCBDE. Of the 277 patients meeting inclusion criteria, 47

(17.0%) had a hemolytic condition.
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TABLE 1 Demographics and clinical features of patients with and without hemolytic diseases who received ERCP.

Variable Total
(n= 277)

Patients with hemolytic
diseases (n = 47)

Patients without hemolytic
diseases (n = 230)

P-value

1a) Patient demographics
Age in years 14.7 [12.4–16.3] 13.5 [10.6–15.7] 14.9 [12.7–16.3] 0.61

Female 205 (74.0%) 21 (44.7%) 184 (80.0%) 0.0001b

Hispanic 146 (52.7%) 8 (17.0%) 138 (60.0%) 0.0001b

White 213 (76.9%) 24 (51.1%) 189 (82.2%) 0.0001b

African American 43 (15.5%) 20 (42.6%) 23 (10.0%) 0.0001b

Obesitya 91 (35.0%)a 5 (10.9%)a 86 (40.2%)a 0.0001b

1b) Clinical features
Gallstone pancreatitis 65 (23.5%) 7 (14.9%) 58 (25.2%) 0.18

Cholangitis 8 (2.9%) 2 (4.3%) 6 (2.6%) 0.63

RUQ pain at rest 242 (87.4%) 39 (83.0%) 203 (88.3%) 0.34

RUQ pain on
palpation

209 (75.5%) 31 (66.0%) 178 (77.4%) 0.84

Jaundice 109 (39.4%) 37 (78.7%) 72 (31.3%) 0.0001b

Nausea 195 (70.4%) 24 (51.1%) 171 (74.3%) 0.0026b

aExcludes 17 from total: 1 from hemolytic group, 16 from nonhemolytic group, for missing data or age less than 2 years.
bSignificant by two tailed Fisher’s exact test.

TABLE 2 Demographics and clinical features of patients with hemolytic
diseases who received ERCP.

Variable Total
(n= 47)

CBD stone
removed at

ERCP
(n = 34)

No CBD
stone

removed at
ERCP (n = 13)

P-value

2a) Patient demographics
Age in years 13.5

[8.6–15.7]
13.0 [10.5–15.6] 14.3 [12.1–15.5] 0.53

Female 21 (44.7%) 14 (41.2%) 7 (53.8%) 0.52

Hispanic 8 (17.0%) 5 (14.7%) 1 (7.7%) 1.00

White 22 (46.8%) 12 (35.3%) 8 (61.5%) 0.19

African
American

20 (42.6%) 15 (44.1%) 4 (30.8%) 0.51

Obesitya 5 (10.8%)a 5 (15.2%)a 0 (0.0%) 0.30

2b) Clinical features
Gallstone
pancreatitis

7 (14.9%) 3 (8.8%) 4 (30.8%) 0.08

Cholangitis 2 (4.3%) 1 (2.9%) 1 (7.7%) 0.49

RUQ pain at
rest

21 (44.7%) 16 (47.1%) 5 (38.5%) 0.74

RUQ pain
on palpation

25 (53.2%) 16 (47.0%) 9 (69.2%) 0.21

Jaundice 34 (72.3%) 28 (82.4%) 6 (46.2%) 0.03b

Nausea 8 (17.0%) 6 (17.6%) 2 (15.4%) 1.00

aExcludes 1 from the CBD stone removed at ERCP group due to age less than two years.
bSignificant by two tailed Fisher’s exact test.
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Demographics differed between the patients with hemolytic

diseases and those without. Patients with hemolytic diseases were

more likely to be of African American race (42.6% vs. 10.0%,

p = 0.0001). Patients without hemolytic diseases were more likely

to be of Hispanic ethnicity (60.0% vs. 17.0%, p = 0.0001), female

sex (80.0% vs. 44.7%, p = 0.0001), and to have obesity (40.2% vs.

10.9%, p = 0.0001) (Table 1a).

Clinically, patients with hemolytic diseases were more likely to

have jaundice (78.7% vs. 31.3%, p = 0.0001) and less likely to have

nausea (51.5% vs. 74.3%, p = 0.0026) than their non-hemolytic

counterparts. There was no difference in right upper quadrant pain

at rest (83.0% vs. 88.3%, p = 0.34) or with palpation (66.0% vs.

77.4%, p = 0.84) between the two groups. The incidence of gallstone

pancreatitis (14.9% vs. 25.2%, p = 0.18) and cholangitis (4.3% vs.

2.6%, p = 0.63) did not differ between the two groups (Table 1b).

Among the 47 patients with hemolytic diseases, 34 (72.3%) had

a CBD stone identified at the time of ERCP. The remaining 13

patients underwent ERCP but did not have a stone in the

common bile duct at the time of the procedure, resulting in non-

therapeutic ERCP. This is similar to previously published data on

patients without hemolytic diseases from the PEDI Database,

where 69 out of 95 (72.6%) had a CBD stone removed at ERCP

(4). Among patients with hemolytic diseases, those with a stone

removed at ERCP were more likely to present with jaundice

(82.4% vs. 46.2%, p = 0.03). There was no difference in age, race,

ethnicity, sex, obesity, gallstone pancreatitis, or cholangitis

between the patients with hemolytic diseases who had a stone

removed at ERCP and those who did not (Tables 2a,b). There

was also no significant difference in pre-ERCP laboratory or

imaging findings, including common bile duct stone on

ultrasound, MRCP, intraoperative cholangiography, or

endoscopic ultrasound (Tables 3a,b). However, the number of

patients who received endoscopic ultrasound or intraoperative

cholangiography was low (n = 6 and 1, respectively).

Previously published selection criteria, including the ASGE high-

risk criteria and the 2016 modified Baylor pediatric criteria, performed
Frontiers in Pediatrics 03
poorly in the patients with hemolytic diseases. Of the patients with

hemolytic diseases who did not have a stone at the time of ERCP,

80.0% met the ASGE high-risk criteria, and 90.0% met the

modified Baylor pediatric criteria. By comparison, 81.3% of patients

with hemolytic diseases who had one or more stones removed at

the time of ERCP met the ASGE high-risk criteria (p = 1) and

93.8% met the modified Baylor pediatric criteria (p = 1) (Table 3c).

While procedural technical success between patients with and

without hemolytic diseases was similar (95.7% vs. 97.8%, p = 0.34),

adverse events were experienced twice as commonly in the hemolytic
frontiersin.org
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TABLE 3 Imaging findings and laboratory values of patients with hemolytic diseases who received ERCP.

Variable Totala CBD stone removed at ERCP No CBD stone removed at ERCP P-value

3a) Imaging findings
CBD stone on US 14/42 (33.3%) 13/33 (39.4%) 1/9 (11.1%) 0.23

CBD stone on MRCP 6/9 (66.7%) 2/5 (40.0%) 4/4 (100%) 0.17

CBD stone on IOC 1/1 (100.0%) 1/1 (100.0%) 0/0 (0%) 1.00

CBD stone on EUS 3/6 (50.0%) 3/4 (75.0%) 0/2 (0%) 0.40

CBD stone on any pre-ERCP imaging 23/44 (52.3%) 18/34 (52.9%) 5/10 (50.0%) 1.00

3b) Laboratory values [mean, (IQR)]
Total bilirubin (n = 42) 15.0 [6.5–21.9] 14.3 [6.6–21.7] 17.2 [4.5–27.3] 0.48

Direct or conjugated bilirubin (n = 42) 10.1 [1.8–15.4] 8.8 [2.1–15.1] 14.4 [1.1–27.2] 0.13

ALT (n = 41) 244 [121–322] 278 [131–365] 139 [58–230] 0.053

AST (n = 41) 174 [93–178] 198 [113–189] 87 [50–111] 0.08

GGT (n = 38) 226 [138–241] 208 [138–235] 285 [152–314] 0.21

Alkaline phosphatase (n = 39) 269 [157–346] 264 [143–338] 284 [182–388] 0.72

3c) Criterion assessment
2019 ASGE high-risk criteria 34/42 (81.0%) 26/32 (81.3%) 8/10 (80.0%) 1.00

2016 modified baylor pediatric criteria 39/42 (92.9%) 30/32 (93.8%) 9/10 (90.0%) 1.00

aThe denominator in this column indicates the total number of patients who underwent each imaging modality.

TABLE 4 Adverse events and technical outcomes among pediatric patients with and without hemolytic diseases who received ERCP.

Adverse event Total
(n = 277)

Patients with hemolytic
diseases (n = 47)

Patients without hemolytic
diseases (n= 230)

P-value

Any adverse event 18 (6.5%) 6 (12.8%) 12 (5.2%) 0.09

Pancreatitis 11 (4.0%) 2 (4.3%) 9 (3.9%) 1.00

Bleeding 7 (2.5%) 3 (6.4%) 4 (1.7%) 0.10

Stone removed at ERCP 194 (70.0%) 34 (72.3%) 160 (69.6%) 0.86

Failed cannulation 7 (2.5%) 2 (4.3%) 5 (2.2%) 0.34

Thompson et al. 10.3389/fped.2025.1574462
population. However, this was not statistically significant (12.8% vs.

5.2%, p = 0.09). Specifically, the difference in bleeding between the

two groups approached significance, with 6.4% of the patients with

hemolytic diseases and 1.7% of those without hemolytic diseases

experiencing bleeding after ERCP (p = 0.10) (Table 4).
Discussion

This is the first pediatric study to specifically evaluate patients

undergoing ERCPs with underlying hemolytic disorders. We found

that existing ERCP criteria perform poorly in patients with

hemolytic diseases. The existing criteria overestimate their risk of

choledocholithiasis, possibly resulting in unnecessary ERCPs and

their associated risks and costs. Current criteria rely on pre-

procedure laboratory and imaging findings; in our cohort, there

were no differences in these pre-ERCP evaluations in patients

with hemolytic diseases with a common bile duct stone removed

at ERCP and those without. These patients’ clinical presentations

and laboratory values, especially bilirubin, can be clouded by

disease-specific factors such as ongoing hemolysis, intrahepatic

sickling with or without infarction (in sickle cell disease), and

iron overload related to blood transfusions. Total bilirubin

includes components of conjugated or direct and unconjugated

or indirect bilirubin. Unconjugated bilirubin in the setting of

hemolysis is expected to be elevated. Therefore, risk stratification

for choledocholithiasis is more complicated than in the general
Frontiers in Pediatrics 04
pediatric population and continues to be challenging. The most

recent ASGE guideline made a conscious effort to increase

specificity to greater than 90% by using more stringent criteria (3).

The poor performance of bile duct size and identification of a

stone on ultrasound is consistent with non-hemolytic pediatric

data that our group has previously published, in which there was

no significant difference in ultrasound findings between patients

who had a stone removed during ERCP and those who did not

(4). Ultrasound overall seems to have poor sensitivity in

detecting choledocholithiasis but is frequently used given its

accessibility and lack of radiation.

Few patients in our study underwent other peri-procedure

evaluations such as endoscopic ultrasound, MRCP, or intraoperative

cholangiography, as the use and timing of these modalities is center-

dependent. Nevertheless, these may be very important modalities

given the poor ability to predict choledocholithiasis through labs and

other imaging modalities in patients with hemolytic diseases. For

example, a prior study demonstrated that MRCP better predicts

choledocholithiasis in children than transabdominal ultrasound or

CT, though it is important to consider the timing of MRCP in

relation to ERCP as stones may pass if there is delay (4). The delay

between MRCP and ERCP is of particular relevance in pediatrics, as

many pediatric patients require anesthesia to undergo MRCP and

therefore MRCP is oftentimes not performed on the same day as the

ERCP, potentially allowing time for the stone to pass prior to ERCP.

Additionally, some pediatric centers lack the ability to perform

sedated MRCP on weekends.
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While very few children in our study underwent intraoperative

cholangiogram (IOC) or endoscopic ultrasound (EUS) (n = 1 and 6,

respectively), these modalities appeared to perform well; the patient

who had a positive IOC had a stone removed during ERCP, and all

three of the patients who had a positive EUS had a stone removed

during ERCP (Table 3). However, these are very small samples. EUS

has been recommended in select patients to diagnose

choledocholithiasis with good specificity (9, 10). However, in the

adult literature, EUS is thought to have higher sensitivity for detecting

small stones (9, 10). While EUS is a relatively recent development in

pediatric gastroenterology, it has been shown to be safe and have

good technical outcomes in children (11–13). EUS is radiation-

sparing and, in at least two studies in the pediatric population, has

been shown to successfully prevent a subset of patients from

undergoing non-therapeutic ERCP (12, 13). Regarding IOC, there is

some data that performing IOC prior to planned ERCP can prevent

non-therapeutic ERCP in a subset of patients who have preoperative

labs and imaging that are falsely concerning for choledocholithiasis (14).

Overall, increased use of peri-procedure evaluations may decrease

the incidence of non-therapeutic ERCPs in the hemolytic disease

population, but more data is needed to determine acceptable

sensitivity and specificity of these modalities in pediatric patients.

Additionally, the potential costs and risk of additional time spent

under sedation to perform these evaluations must be weighed

clinically. This dilemma is of particular relevance in the hemolytic

disease population. For example, when considering patients with

sickle cell disease who have a history of stroke or acute chest

syndrome, one must balance the desire to avoid anesthesia exposure

with potential ERCP complications such as pancreatitis, which

could also prompt an episode of acute chest syndrome.

Finally, while not statistically significant, the increased number of

adverse events in patients with hemolytic diseases highlights the

importance of careful patient selection for ERCP. In particular, the

suggestion of increased bleeding in patients with hemolytic diseases is

of interest. Our incidence of bleeding in 2.5% of patients (7/277) is

slightly higher than the previously published incidence of 1.2% from

the PEDI database, though we did not sub-categorize by severity of

bleeding in this substudy and the difference between patients with and

without hemolytic diseases was not significant (7). Sickle cell disease,

the most common hemolytic disease in our patient population, is

typically conceptualized as a prothrombotic state that predisposes

patients to cerebral infarction and venous thromboembolism (15);

however, there are some reports of spontaneous bleeding events in

adults with sickle cell disease, mainly in the gastrointestinal tract (16).

A plausible contributing factor to bleeding is heavy NSAID use due to

chronic sickle cell-related pain, but this is unlikely to fully explain the

bleeding risk in this population. Overall, further investigation is

needed to determine which factors would better predict the need for

ERCP in patients with hemolytic diseases.
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