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What do we know about the subject matter of this study?

Clinical series suggest that ceftriaxone-associated pseudochole-
lithiasis is a common, underdiagnosed, and underestimated com-
plication that can cause abdominal pain and jaundice and can lead
to serious complications such as acute cholangitis.

What does this study contribute to what is already known?

A prospective, protocolized monitoring of pseudocholelithiasis de-
velopment was conducted on children who were treated with ce-
ftriaxone, with this complication identified in one-third of them.
Abdominal pain occurred in almost half of the patients and resol-
ved spontaneously. The main risk factors were age over 5 years, low
fluid intake, and overweight and obesity.

Abstract Keywords:
Ceftriaxone;

Ceftriaxone-associated pseudocholelithiasis is common but underdiagnosed in children, occurring ~ Pseudocolelithiasis;

in up to half of those receiving ceftriaxone. Although self-limiting, it is frequently accompanied by ~ Gallbladder;

symptoms. Objective: To report the incidence, course, risk factors, and clinical behavior of pseudo-  Bile;

cholelithiasis in children receiving ceftriaxone. Patients and Method: Prospective, descriptive, obser- ~ Children

vational case series study. Patients aged 1 month to 18 years who received ceftriaxone were included.
Clinical follow-up and hepatobiliary ultrasound were performed at the start of treatment and every
5 days until complete resolution. Association with risk factors was explored. Statistics used included
Pearson’s chi-square test and Fisher’s exact test. Results: Eighty patients were included, 51.2% were
male, median age 4.5 years (range 5 months to 17 years). The prevalence of pseudocholelithiasis was
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35% (28 patients), documented in 6 and 27 patients during the first and second ultrasound (21.4%
and 96.4%). Pseudocholelithiasis was significantly more frequent in the age group older than 5 years,
those with lower fluid intake, obese, overweight, and very rare in malnourished patients (all p < 0.05).
Twelve patients presented abdominal pain as a cardinal symptom (42.9%). The mean duration of the
stones was 19.1 (5-44) days. Conclusion: Ceftriaxone-associated pseudocholelithiasis is common,
occurring in 1 out of 3 children who receive it. Its main risk factors were age over 5 years, lower fluid
intake, overweight, and obesity. Abdominal pain is frequent, and the progression was self-limited.
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Introduction

Ceftriaxone is a third-generation cephalosporin
widely used in pediatrics due to its bactericidal action,
broad spectrum, long half-life, and good bioavail-
ability"?. About 40% is eliminated by bile, leading to
high concentrations in the gallbladder lumen, where
it behaves as an anion that promotes the precipita-
tion of calcium salts* and affects gallbladder motility,
slowing its emptying and promoting precipitation’.
It is well tolerated, although biliary sludge and pseu-
docholelithiasis frequently occur in children with its
use®*”.

Risk factors include treatment lasting more than
5 days®, high doses, age under 12 months, prolonged
fasting’, conditions that promote slow emptying of
the gallbladder (total parenteral nutrition or major
abdominal surgery)*®°, hypercalcemia'®, and impaired
renal function since 60% of the drug is eliminated by
the kidneys®. There are very few cases in the literature
that report pseudocholelithiasis due to ceftriaxone in
adults'"'?, but they show a similar incidence'.

The first reports date back to 1986'", and since
1988, the self-resolving nature of the condition after
discontinuing the drug has been described'*'*. Cur-
rent publications describe its incidence as 15 to 57%,
and in most cases, it is described as asymptomatic and
self-resolving*®7#1516171819 ypon  discontinuation of
the drug'®®®*'. Complications have been reported?,
such as necrotizing cholecystitis®, choledocholithia-
sis**, and cholangitis®.

Our objective was to characterize the incidence,
evolution, risk factors, and clinical behavior of pseu-
docholelithiasis in children who received ceftriaxone.

Patients and Methods

Descriptive observational case series study with
prospective data collection. Patients aged 1 month to
18 years who received ceftriaxone for a minimum of 5
days at a tertiary health care institution in Bucaraman-
ga, Colombia, were included. The drug was diluted ac-
cording to the manufacturer’s reccommendations, with
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a 1-hour infusion time. The first ultrasound of the bile
duct was performed before the second dose of the drug
(start of treatment) and then every 5 days until the end
of treatment. Exclusion criteria were a diagnosis of cys-
tic fibrosis, hypercholesterolemia, hemolytic disease,
a history of bile duct surgery, and discontinuation of
ceftriaxone before completing 5 days. Those identified
with pseudocholelithiasis were seen weekly with assess-
ments for abdominal symptoms and serial ultrasound
monitoring until complete resolution was confirmed.

Ultrasound of the liver and bile ducts was per-
formed by the same pediatric radiologist using Canon
Xario® 100G equipment and 3-5 MHz convex trans-
ducers and 7-12 MHz linear transducers with 3.5 and
7 MHz transducers. Pseudolithiasis was defined as the
presence of biliary sludge, single or multiple stones in
the gallbladder*>7.

The response variable was having pseudocholelithi-
asis, and the exposure variable was receiving ceftriax-
one. The following were evaluated as predictor vari-
ables: duration of treatment, fasting, ceftriaxone dose,
amount of fluids administered, nutritional status, and
age. The exposure variable (ceftriaxone treatment) was
measured in days and in doses per mg/kg/day, and the
response variable (the presence of stones) was mea-
sured according to criteria established by the study ra-
diologist. Descriptive statistics were used for data anal-
ysis using the Stata v14 software. For the description
of quantitative variables, measures of central tendency
such as the mean or median were used according to
their behavior, and for qualitative variables, frequen-
cies and percentages were used. The variables were
described uni- and bivariately with respect to the out-
come of interest, presence of stones, using Pearson’s
chi-square test and Fisher’s exact test with a signifi-
cance level of 5% (0.05).

Written informed consent to participate in the
study was requested from parents or guardians, who
were informed that they could withdraw at any time.
The researchers did not intervene during the antibiot-
ic treatment and limited themselves to informing the
treating physician of the ultrasound results. The study
was approved by the ethics committee of the Clinica
Sanluis and the Universidad de Santander (UDES).
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Results

Eighty-eight children were invited to participate in
the study, of whom 80 (90.9%) met the inclusion crite-
ria, with an exclusion rate of 9.1% (change of antibiot-
ic n = 6 and withdrawal from the study n = 2). Of the
patients included, 39 were female (48.8%) and 41 were
male (51.2%), with a median age of 4.5 years (range 5
months to 17 years). 18.7% of the patients presented
malnutrition, 3.7% were overweight or obese, and the
remaining 77.5% had age-appropriate anthropometric
measurements. Table 1 shows the diagnoses for which
they received ceftriaxone. All included patients were
followed up completely, with a maximum of nine ul-
trasounds per patient. Figure 1 shows the flowchart of
the study participants.

The average number of days of treatment was 9.6
days (5 to 18 days), and the average dose was 94.7
mg/kg/day (range 25 to 118 mg/kg/day; 70.1% re-
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ceived doses of 100 mg/kg/day) (Table 2). Pseudo-
lithiasis was observed in 28 cases, corresponding to
a prevalence of 35%. There was a tendency toward
a higher prevalence in females (41% vs. 29.2%; RR
0.71, CI 0.38-1.3; p = 0.27). The first ultrasound (day
5 of treatment) showed 21.4% of pseudocholelithia-

Table 1. Diagnoses for which ceftriaxone was
prescribed

Acute sinusitis Frequency (%)

33.8% (27)

Acute mastoiditis

Pneumonia 26.3% (21)
Urinary tract infection 25% (20)
Acute bacterial diarrhea 10% (8)
Acute meningitis 3.8% (3)
Meningitis aguda 1.3% (1)

Patients contacted and hospitalized
88 children

80 patients
Met inclusion criteria

Analysis
1st and 2nd ultrasound: 80 patients
3rd ultrasound: 52 patients
4th ultrasound: 21 patients
5th ultrasound: 10 patients
6th ultrasound: 5 patients
7th ultrasound: 4 patients
8th ultrasound: 2 patients
9th ultrasound: 1 patient

8 patients
Excluded

ved ceftriaxone
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Figure 1. Follow-up
patient’s flowchart recei-
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Table 2. General characteristics of patients who
received ceftriaxone

Demographic and clinical variables of the participants

Age range
Under 2 years old N: 11 (13.7%)
From 2 to 5 years old N: 33 (41.2%)
Over 5 years old N: 36 (45%)
Gender
Female N: 39 (48.7%)
Male N: 41 (51.2%)

Nutritional classification

Malnutrition N: 15 (18.7%)
Eutrophic N: 62 (77.5%)
Overweight N: 2 (2.5%
Obesity N: 1 (1.25%)
Fluid therapy
Saline solution 0.9% N: 73 (91.2%)
Ringer's lactate N: 5 (6.2%)
SSN dextrose N: 2 (2.5%)

Amount of fluids administered
Basal fluids (oral and venous)  N: 66 (82.5%)
Fluids greater than basal N: 14 (17.5%)

Treatment days Minimum value 4 days
Maximum 18 days

Average 9.56 days

Ceftriaxone dose range
Less than 75 mg/kg/day N: 10 (12.5%)
From 75 to 100 mg/kg/day N: 67 (83.75%)
More than 100 mg/kg/day N: 3 (3.75%)

Fasting for more than 24 hours N =10 (12.5%)

SSN: Isotonic Normal Saline Solution.

sis (6 patients), the second one (day 10 of treatment)
showed 96.4% (27 patients out of 28 positive), and
the third one (day 15 of treatment) showed 100% of
pseudocholelithiasis. Positive patients were followed
up for up to 44 days after the start of treatment, and
the mean duration of pseudocholelithiasis was 19.1
(5-44) days. 12 patients with pseudocholelithiasis
(42.9%) presented with abdominal pain, while 4 and
2 presented with nausea and 2 with abdominal dis-
tension as an additional symptom. In three cases, it
was necessary to discontinue ceftriaxone treatment
due to pain, and one case required management in
the emergency department due to suspected cholan-
gitis, receiving analgesics and intravenous antibiot-
ics.

ebitoriaL_qiku

Pseudocholelithiasis - D. A. Rodriguez R. et al

Statistical analysis of the factors associated with
pseudocholelithiasis showed that it was more preva-
lent in children over 5 years of age than in those be-
tween 2 and 5 years of age (42.2% vs. 33.3%, respec-
tively; p = 0.01), with no cases identified in children
under 2 years of age. It was also more prevalent in
patients who received less total fluid intake than their
baseline requirements (40.9% vs. 7.1%; p = 0.016)
and in obese and overweight patients, and was very
rare in patients with malnutrition (66.7% vs. 6.7%;
p = 0.013). No relationship was found between
pseudocolelithiasis and the type of intravenous flu-
ids received or fasting periods, with a tendency to-
ward higher frequency with doses > 100 mg/kg/day
(p=0.41).

Discussion

In this study, we conducted a prospective clinical
and ultrasound follow-up in a cohort of pediatric pa-
tients who received ceftriaxone, and our main findings
were consistent with those reported in a Colombian
study more than 10 years ago®. It occurs in approxi-
mately 1 in 3 exposed children, is self-resolving, and
frequently causes symptoms, although in the current
study, compared to the previous one, the frequency
of symptoms was much higher (42% vs. 22%). This
contrasts with some publications that describe it as oli-
gosymptomatic'”'8. Regarding its prevalence, there are
few studies in Latin America on ceftriaxone-associated
pseudocolelithiasis®*. An incidence of 42.5% is de-
scribed in a group of 73 children in Bogota®, its onset
was 5 days after receiving the drug, and 25% had some
associated symptoms.

Regarding the risk factors, it has been reported
that prolonged treatment'? and high doses in chil-
dren under 12 months of age and fasting'® promote
the precipitation of calcium salts of ceftriaxone? and
the onset of pseudocholelithiasis. However, we did not
observe any relationship with treatment duration or
dose, and, contrary to what has been published, there
were no cases in children under 2 years of age. Multi-
variate analyses were performed to find an explanation
for this association that goes beyond what is described
in the literature. No relationship was found with the
dose of the medication, which could be the most likely
hypothesis; but there was a relationship with a higher
volume of fluids administered in the group of children
under 5 years of age, which could have “protected”
them from developing pseudocholelithiasis. However,
this association was not statistically significant. In the
two series of Colombian children, it was less frequent
in those who received a higher intake of intravenous
fluids, suggesting that maintaining adequate hydration
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is a protective factor, considering that 60% of the drug
is eliminated in urine*'

Pseudolithiasis caused by ceftriaxone occurs early,
with only 5 days of treatment. 21.4% of the patients
presented it, which is less than what was observed in
the previous series, where more than 90% presented
it after 5 days, and is consistent with a prospective
study that evaluated 44 children, finding a prevalence
of 25%, and 54.5% developed it in the first 3 days of
treatment'®. Obesity and overweight are described and
accepted risk factors for cholelithiasis; in our case, a
higher prevalence of ceftriaxone-associated pseudo-
cholelithiasis was documented in obese and overweight
children, which is not described in the literature®!® and
is probably related to the increased risk of gallstone
formation determined by excess weight and associated
metabolic alterations.

Regarding the clinical course, ceftriaxone-associat-
ed pseudocholelithiasis in children is a condition that
resolves spontaneously when the drug is discontin-
ued®, which has been observed in both series. How-
ever, there are reports in the literature of severe cases
such as necrotizing cholecystitis' or cholangitis®. It
is unclear whether the medication should be discon-
tinued once pseudocholelithiasis is identified or if it
is possible to complete the initially planned course of
treatment. Considering that stone resolution usually
occurs between 5 and 44 days after treatment ends, the
most reasonable recommendation seems to be that this
decision should be guided by symptoms or associated
complications.

In general, the prognosis for ceftriaxone-associ-
ated pseudocholelithiasis is good, and, although its
management is still controversial®?*%, the trend is to-
ward conservative management, with local experienc-
es showing that 100% of stones have resolved 55 days
after discontinuing treatment®. It has been suggested
that improving the hydration status of patients receiv-
ing ceftriaxone could have an impact on reducing its
incidence®, especially in patients with impaired renal
function’** and in those receiving higher doses for
longer periods®, as well as modifying its use in patients
with prolonged fasting®.

A limitation of this study is that it does not have a
control group of patients with similar baseline condi-
tions receiving other types of treatment or antibiotics,
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in whom the risk of pseudocholelithiasis associated
with or increased by other interventions is evaluated.

In conclusion, a high incidence of ceftriaxone-as-
sociated pseudocholelithiasis is observed. Overweight,
obesity, and age over 5 years were identified as risk fac-
tors, while better hydration appeared to be protective.
Although the course was generally self-limiting, a sig-
nificant proportion of patients presented symptoms. It
is important that children receiving ceftriaxone follow
administration protocols that ensure adequate fluid
intake, clinical monitoring of symptoms, and con-
sideration of hepatobiliary ultrasound in cases where
clinical suspicion or symptoms warrant it, or in the
identified risk groups.
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