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Background: Ceftriaxone (CTX) is widely used for the treatment of bacterial infections; 

however, side effects such as gallstone and nephrolithiasis have been reported in children. There 

is limited information about urinary tract calculi as CTX side effects in adults. Therefore, the 

present study was aimed to evaluate the incidence of gallstone and nephrolithiasis following 

CTX administration.

Methods: The present study was conducted in the Vali-e-Asr Hospital. Eighty-four patients with 

various infectious diseases with different daily treatment (mean ± SD: 4.19±2.54) were included 

in this study, consisting of 49 females and 35 males. The mean of total doses used in patients 

was 10.2143 (SD: 5.8585). To detect possible gallstone, gallbladder sludge, and urolithiasis, 

patients were evaluated by serial ultrasound before and after CTX treatment. Patients with renal 

and hepatobiliary dysfunction were excluded from the study and did not receive any nephrotoxic 

drugs during this study. Demographic parameters including age, sex, body mass index, dosage 

of CTX, as well as the duration of treatment and hospitalization were determined. Statistical 

significances were determined using Fisher’s exact test and independent t-test.

Results: Results from our study showed that the incidence of gallstone and nephrolithiasis were 

8.8% and 1.5% following CTX administration, respectively. Surprisingly, we found a significant 

correlation in terms of age between patients with and without gallstone (P=0.03).

Conclusion: Our findings suggest that the patients’ age might play a role in the development 

of such a complication. This indicates the need for a close monitoring of CTX-treated patients 

to assess the possible formation of gallstone and nephrolithiasis.
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Introduction
Ceftriaxone (CTX) is a semisynthetic third-generation cephalosporin, which is widely 

used for the treatment of various bacterial infections. The drug shows potent antimi-

crobial activity against a wide variety of bacteria, including Streptococcus faecalis, 

Streptococcus pyogenes, Streptococcus pneumoniae, Brucella melitensis, Haemophilus 

influenzae, and Neisseria gonorrhoeae.1–5 Because of its long plasma half-life, single 

daily dosing, beta-lactamase resistance, and potent antibacterial activities against Gram-

negative and Gram-positive bacteria, CTX is the antibiotic of choice in most cases.6,7 

CTX, showing a remarkable stability against beta-hydrolysis, exerts its antimicrobial 

activity through inhibition of transpeptidase enzymes that are responsible for bacte-

rial cell wall synthesis.8,9 Although CTX was shown to be relatively safe, there are 

complications associated antibiotic treatment, such as gallstone and nephrolithiasis.5 
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It is important to understand such complications due the fact 

that they can be treated easily. In contrast, confusion regard-

ing these complications may lead to more invasive treatment 

such as surgery.10

Approximately 33%–67% of the administered dose is 

eliminated through renal excretion, while 40% is secreted 

in the bile followed by elimination via the gastrointestinal 

tract.6,11–13 A variety of studies showed that CTX can be con-

centrated in the bile 20–150 times more than in serum.7,14–17 

In this condition, CTX can bind to calcium cations in the 

bile and induce reversible precipitations, resulting in crystal-

lization.18 CTX-induced crystals lead to nephrolithiasis,19–22 

gallstone, and bladder sludge.23–25

A variety of studies revealed contradictory results about 

the incidence of gallstone and nephrolithiasis, as well as pre-

disposing factors such as age, sex, body mass index (BMI), 

drug dosage, and the duration of treatment.19,21,26 Most of the 

studies also focused on CTX-associated nephrolithiasis and 

gallstone in children. Nevertheless, there is limited informa-

tion on urinary tract calculi as one of the side effects of CTX 

in adults. In this light, the present study was performed to 

assess the incidence of nephrolithiasis and gallstone associ-

ated with CTX administration as well as predisposing factors 

in adult patients.

Methods
This quasi-experimental before-and-after study was con-

ducted on 84 patients aged from 15 to 87 (mean age =55.49± 

18.94) years and hospitalized with different types of infec-

tious diseases in Birjand University of Medical Sciences-

Affiliated Hospital (Vali-e-Aser Hospital) from 2011 until 

2015. The procedures used in this study were approved by 

the Ethics Committee of Birjand University of Medical Sci-

ences, Birjand, Iran (ir.bums.REC.1394.419). This study was 

conducted in accordance with the Declaration of Helsinki. 

Signed written informed consents were obtained from the 

patients who participated in the study. In addition, patients’ 

parent provided written informed consent for any participant 

below 18 years of age. Pneumonia (78.9%) and gastroenteritis 

(8.8%) were found to be the most common causes of hospital 

admission, respectively. All patients were examined for liver 

and kidney health before the study. Patients suffering from 

renal and hepatobiliary dysfunction were excluded from the 

study. This is also important to note that patients did not 

take any nephrotoxic drugs. Patients received different daily 

treatment of CTX (mean ± SD: 4.19±2.54) and the mean 

of used total dose was 10.2143 (SD: 5.8585). To assess the 

health of the biliary and urinary tracts, all the patients were 

examined with sonography by a radiologist immediately 

before the treatment. Only cases with normal sonographic 

features were included in the study. In specific cases, the 

results were confirmed by two radiologists. The patients 

were also evaluated by the same radiologist for kidney and 

gallbladder stones by serial ultrasound during and after CTX 

treatment to detect possible gallstone, gallbladder sludge, and 

urolithiasis. The serum levels of urea, creatinine, bilirubin, 

and hepatic enzymes were recorded before and after treat-

ment of all patients. All patients received CTX alone without 

additional antibiotics.

The presence of mobile and gravity-dependent materials, 

accompanied by a clear acoustic shadow, was considered as the 

criterion for a positive sonographic examination. In addition, 

low-level echo materials lined in the dependent portion of the 

gallbladder without acoustic shadowing were diagnosed as bili-

ary sludge. Positive sonographic findings were reassessed and 

confirmed by another sonographist. When sonographic features 

of complications and renal symptoms and/or biliary symptoms 

were detected in the patients, CTX treatment discontinued 

and the supportive care and treatment were carried out for 10 

days followed by sonography in the first 2 weeks and every 2 

weeks until these findings were completely normalized. The 

data were statistically analyzed using SPSS version 19 (SPSS 

Inc., Chicago, IL, USA). Statistical significances were deter-

mined using Fisher’s exact test and independent t-test. P-values 

of 0.05 or less were considered to be statistically significant.

Results
The present study was performed on 84 patients, including 49 

(58.3%) females and 35 (41.7%) males. Out of 84 patients, 78 

(92.9%) were married and most patients were living in rural 

areas. Demographic parameters, including patients’ age, sex, 

BMI, CTX dosage as well as the duration of treatment and 

hospitalization, were assessed as shown in Table 1.

Posttreatment sonographic evaluation showed neph-

rolithiasis in 1 (1.5%) and gallstone in 6 (8.8%) of the 84 

patients. Table 2 represents the characteristics of patients 

with nephrolithiasis and gallstone. It is also worth to mention 

that size (mean ± SD) of kidney stone and gallstone in these 

patients was 4.41±1.69 and 11.74±13.35 mm, respectively.

Comparison of the groups with or without gallstone 

demonstrated no significant differences with respect to BMI, 

drug dosage, and the duration of treatment (Tables 3 and 

4). Importantly, there was a significant difference between 

gallstone and age (P=0.03; Table 4).
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In addition, our results showed that there are no significant 

differences between the two groups and those with comorbid 

gastroenteritis and pneumonia (P=0.43; Table 5). No signifi-

cant differences were also found between gallstone as with 

patient’s sex (P=0.46).

Table 1 Demographic characteristics of patients

Parameter N % Mean ± SD

Sex Male 35 41.7 –
Female 49 58.3

age (years) <40 20 23.8 55.49±18.94
40–50 11 13.1
50–60 17 20.3
60–70 15 17.8
>70 21 25

BMi normal 56 66.7 23.57±5.75
Overweight (25–30) 19 22.2
Obese (≥30) 19 11.1

length of treatment (days) – 4.19±2.54
number of drug dosage – 2.06±0.38
Starting doses (g) – 1.09±0.29
Total dose – 10.21±5.85

Abbreviation: BMi, body mass index.

Table 2 characteristics of patients with nephrolithiasis and gallstone

Patient no. Sex Age (years) Reason for hospitalization Lithiasis (calculi) Drug dose (g)

1 M 39 Pneumonia nephrolithiasis 1
2 F not available UTi gallstone 1
3 F 87 UTi gallstone 2
4 F 43 Pneumonia gallstone 1
5 M 85 gastroenteritis gallstone 1
6 F 68 Pneumonia gallstone 1
7 F 82 Pneumonia gallstone 1

Abbreviation: UTi, urinary tract infection.

Table 3 comparison of drug doses, the number, and duration of drug use in patients with or without gallstone

Variables With (n=6) Without (n=78) P-value

Mean ± SD Mean ± SD

Starting dose (g) 1.16±0.40 1.06±0.24 0.37
Dose of treatment duration (g/dose) 1.00±0.00 1.16±0.53 0.5
number of drug use (within 24 hours) 2.00±0.00 2.06±0.38 0.31
Treatment duration (days) 5.33±4.04 4.10±2.18 0.42

Table 4 comparison of BMi and age in patients with or without 
gallstone

Variables With (n=6) Without (n=78) P-value

Mean ± SD Mean ± SD

age 73.00±18.34 54.15±18.99 0.03
Weight 53.40±11.78 59.74±13.62 0.31
BMi 22.49±2.57 23.27±5.23 0.74

Abbreviation: BMi, body mass index.

Discussion
In the present study, our results have demonstrated that the 

incidence of gallstone and nephrolithiasis following CTX 

therapy was 8.8% and 1.5%, respectively. Interestingly, we 

Table 5 comparison of comorbid conditions in patients with or 
without gallstone

Disease With  
gallstone  
(n=6)

Without  
gallstone  
(n=78)

P-value

n (%) n (%)

gastroenteritis 1 (16.6) 4 (5.1) 0.19
Pneumonia 2 (33.3) 30 (38.4) 0.43
Other 0.0 (0.0) 5 (6.4) –
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also found a significant difference in terms of age between 

patients with and without gallstone (P=0.03). It is important 

to note that patients were showed acute urinary tract infection 

and exhibited no risk factors for stone development. In addi-

tion, the absence of stones was confirmed using sonography 

before the patients received CTX.

CTX, as an anion, can lead to reversible pseudolithiasis, 

which forms an insoluble salt with calcium and, like bili-

rubin, can precipitate with calcium.27 A variety of studies 

revealed a significant incidence of CTX-associated uroli-

thiasis,  demonstrating that gallstone and nephrolithiasis are 

complications of CTX therapy.18,28,29 However, the incidence 

of gallstone in CTX-treated patients varies among studies.

In an early study in 1988, Schaad et al10 reported a revers-

ible CTX-induced gallstone in ~40% (16 of 37) of severely ill 

children following high doses of CTX. In 1990, Cochat et al 

described a 13-year-old boy with meningitis who revealed the 

gallstone following 9 days of CTX therapy.30 In addition, de 

Moor et al reported a 7-year-old boy with CTX-associated neph-

rolithiasis and gallstone 4 days after treatment initiation.27 Stone 

formation was attributed to a high CTX dose (100 mg/kg/day 

in severe infections vs 125 mg/kg/day in their patient).

In another study carried out by Palanduz et al,31 CTX was 

administered at a dosage of 100 mg/kg/day for 1–3 weeks 

to 118 children, 8 and 12 of whom were found to have gall-

bladder sludge and pseudolithiasis, respectively. In addition, 

the incidence rate of gallstone was reported to be 17%. The 

abnormalities were resolved after stopping the CTX. In paral-

lel, Prince and Senac reported a 14-year-old boy showing both 

CTX-induced gallstone and nephrolithiasis, who was being 

treated with CTX (4 g/day) for epidural abscess.32 The patient 

was recovered after stopping the CTX therapy. In 2004, Avci 

et al19 found that children receiving a high CTX dose (100 

mg/kg/day) for the treatment of severe infections developed 

positive sonographic findings, representing the small renal 

stones and nephrolithiasis in 4 (7.8%) of 51 children. In a 

study carried out by Acun et al,33 gallbladder and urinary 

tract precipitations developed in 5 of 35 children treated 

with CTX, 1 with gallbladder sludge, 1 with gallstone and 

urinary bladder sludge, and 3 with gallstone. Interestingly, 

their findings indicated predominance in females, inconsis-

tent with other above-mentioned studies. Moreover, Ozturk 

et al34 reported the 57.6% incidence of pseudolithiasis and 

sludge in the gallbladder of patients receiving CTX. In 2006, 

Biner et al35 reported abnormal gallbladder sonograms and 

urolithiasis in 17% and 0.6% of children receiving CTX, 

respectively. Importantly, patients with pseudolithiasis were 

older and treated with higher drug doses. Similar to other 

studies, they reported that gallstone usually occurs in children 

receiving high doses of CTX. Furthermore, Araz et al36 in 

2007 demonstrated that children receiving CTX 100 mg/kg/

day for meningitis developed biliary sludge and gallstones.

At the same time, in a study performed by Mohkam et al,21 

the incidence rate of nephrolithiasis was found to be 1.4% for 

284 children with pyelonephritis who were treated with 75 

mg/kg intravenous CTX. They suggested that CTX-treated 

patients may be at an increased risk of kidney stone forma-

tion. In 2011, Chutipongtanate and Thongboonkerd20 showed 

that CTX is crystallized with free calcium in dose- and 

time-dependent manner. Calcium-depletion assay revealed 

that crystallization required free calcium as a substrate. In 

another study performed by Fesharakinia et al in 96 children 

who received 50–100 mg/kg/day CTX, nephrolithiasis and 

gallbladder stones were developed in 6 (6.3%) and 1 (1%) 

patients, respectively.37 Additionally, Tsukagoshi et al showed 

that patients with central nervous system infections, who 

were treated with CTX (4 g/day) for 35–69 days, developed 

CTX-induced pseudolithiasis and nephrolithiasis.38

In contrast to the results obtained by the above-mentioned 

studies, a significant difference in terms of age was found in 

this study. Therefore, the present study suggests that young 

adults may be at an increased risk for the formation of uri-

nary stones during CTX therapy. Consistent with our study, 

Ettestad et al suggested that biliary sludge and pseudolithiasis 

may be more prevalent in younger patients. However, it is 

believed that the disease is dose-dependent and, more com-

monly, occurs in children receiving higher doses.39 Consistent 

with studies carried out by Mohkam et al21 and Avci et al,19 

no significant difference was found in terms of sex between 

patients with and without gallstones. However, Fesharakinia 

et al37 showed that there was a significant correlation between 

nephrolithiasis and male sex. As Acun et al mentioned,33 

variations in the methodology, including the infection nature, 

fasting, hydration, antibiotic dose, duration and infusion rate 

of CTX treatment, as well as the timing of the first ultrasono-

graphic control, can explain the differences in the prevalence 

of the CTX-associated abnormalities.

A few limitations of this study have to be considered. 

First, the sample size of this study is rather limited; how-

ever, it has to be taken into consideration that the results 

obtained revealed significant association with patients’ age. 

In addition, the present study assessed the data from a single 

hospital; the findings of the research may not be more reliable 

than multicenter studies.
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Conclusion
In summary, the results of this study have demonstrated 

that the incidence of gallstone and nephrolithiasis following 

CTX therapy was 8.8% and 1.5%, respectively. Our findings 

also have suggested that the patients’ age might play a role 

in the development of CTX-associated gallstone (P=0.03). 

However, comparison of the groups with or without gall-

stone demonstrated no significant differences with respect to 

patient’s sex, BMI, drug dosage of CTX, and the duration of 

treatment with CTX. Considerably, more studies are required 

to closely monitor CTX-treated patients regarding possible 

gallbladder and kidney stone formation.
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