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Abstract

Background: Ceftriaxone, a third-generation cephalosporin, is widely used to treat bacterial infections in patients
undergoing dialysis because it has a long half-life and broad spectrum of action and does not require dose
reduction. However, renal dysfunction is a risk factor for ceftriaxone-associated pseudolithiasis that has rarely been
reported in patients undergoing hemodialysis. This study aimed to present the detailed clinical manifestations of,
and susceptibility to, ceftriaxone-associated pseudolithiasis in hemodialysis patients.

Methods: Seventy-seven hemodialysis patients received ceftriaxone between February 2011 and June 2019, and 33
patients underwent abdominal computed tomography within 1 year of receiving the drug. Among these 33
patients, 11 have developed ceftriaxone-associated pseudolithiasis. We retrospectively reviewed these patients’
medical records. We also compared the medical records of ten patients who underwent computed tomography
scans within 60 days of ceftriaxone administration and developed ceftriaxone-associated pseudolithiasis with those
of patients who did not develop this adverse event.

Results: Pseudolithiasis tended to develop when patients received ceftriaxone for longer periods or at a higher
total dosage. However, the ceftriaxone dose and the disease severity were not significantly correlated. Most patients
improved within several months; however, the condition persisted for 10 months in a patient with a spinal cord
injury. There were no significant differences in patient characteristics, prevalence of diabetes mellitus or
cerebrovascular disease, being bed-bound, fasting, serum albumin, calcium, intact parathormone, or dose per unit
body mass between the two groups. However, patients who developed pseudolithiasis had received ceftriaxone for
significantly longer and at a higher total dose than those who did not develop pseudolithiasis (12 days; interquartile
range [IQ], 8.3-14 vs. 4 days, IQ, 2-8, P = 0.00872; 125 g, 1Q, 93-14 vs. 4 g, 1Q, 2-8, P = 0.00476, respectively).
Conclusions: Ceftriaxone-associated pseudolithiasis may be relatively common in patients undergoing
hemodialysis, especially in those who receive a higher total quantity of drug or for a longer duration. It is important
to be aware of the possibility of pseudolithiasis developing in hemodialysis patients who receive ceftriaxone. These
patients should be monitored during, and for up to 1 year after, its administration.
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Background

Ceftriaxone is a third-generation cephalosporin that is
widely used for the treatment of bacterial infections be-
cause of its long half-life and broad spectrum of action
[1, 2]. The kidneys eliminate 45-60% of the infused
ceftriaxone, and the remainder is excreted in the bile;
therefore, dose reduction is not required, even in pa-
tients with renal dysfunction unless they also have liver
dysfunction [3]. Thus, ceftriaxone is often used in dialy-
sis patients who have bacterial infections [4]. The ad-
verse effect of ceftriaxone-associated pseudolithiasis is
frequently reported in children but rarely in adults. Al-
though renal failure is a risk factor for ceftriaxone-
induced pseudolithiasis, there are few comprehensive re-
ports on its frequency or details about its clinical course
when using this drug in hemodialysis patients. In this
retrospective study, we report 11 cases of ceftriaxone-
associated pseudolithiasis in hemodialysis patients. We
also compared the medical records of patients with or

without pseudolithiasis who underwent computed
tomography scans within 60days of ceftriaxone
administration.

Methods

Seventy-seven hemodialysis patients who had received
ceftriaxone at the Department of Internal Medicine,
Koseiren Sanjo General Hospital, between February
2011 and June 2019 were reviewed sequentially. Among
them, 11 patients with pre-existing biliary lithiasis and
two who had a cholecystectomy were excluded from this
study. CT had been performed to follow-up at the infec-
tion site or to investigate abdominal symptoms and/or
liver dysfunction or another episode of infection.

Ceftriaxone-associated pseudolithiasis was diagnosed
following the identification of new biliary stones or
sludge by CT after initiating drug administration.

In previous studies [5, 6], the observation period was
60 days. However, in some cases, pseudolithiasis took 5
months to 1 year to resolve [7]. Therefore, we also inves-
tigated patients who were screened by CT within 60 days
to 1 year after initiating treatment with ceftriaxone.

Clinical and laboratory findings for patients with
ceftriaxone-associated pseudolithiasis were obtained
from their medical records and included the age, sex,
duration of dialysis, body mass, body mass index, type of
primary renal dysfunction, site of infection, history of
cerebrovascular disease (CVD), fasting status, bed rest
status, administration of calcium-containing drugs, and
laboratory data, such as the serum albumin, albumin-
adjusted calcium, and intact parathormone (int-PTH)
levels. Abdominal symptoms and signs of liver dysfunc-
tion were recorded, as well as the dose and duration of
ceftriaxone, the interval in days between the develop-
ment of pseudolithiasis and the initiation of ceftriaxone,
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and the interval in days between cessation of the drug
and resolution of pseudolithiasis.

We then compared the medical records of ten patients
who underwent computed tomography scans within 60
days of ceftriaxone administration and developed
ceftriaxone-associated pseudolithiasis with those of other
patients who did not develop pseudolithiasis. In patients
with repeated ceftriaxone administration, we analyzed
the initial duration and total dose of the drug, which
may contribute to pseudolithiasis development.

Statistical analysis

Continuous data are expressed as the mean + standard
deviation or the median and interquartile range. Cat-
egorical data were compared using chi-square or Fisher’s
exact test. Continuous variables were compared using an
independent ¢ test or the Mann—Whitney U test. Data
analyses were performed using EZR (Saitama Medical
Center, Jichi Medical University, Saitama, Japan) [8]. P <
0.05 was considered to indicate a statistical significance.

Results

CT was used to screen 24 patients within 60 days of ini-
tiating ceftriaxone, and 11 of the 24 patients were diag-
nosed with ceftriaxone-associated pseudolithiasis. One of
these patients did not wish to provide informed consent
and was excluded from the study. Data from nine pa-
tients who were screened by CT between 60 days and 1
year after initiating the drug were also recorded. Pseudo-
lithiasis was diagnosed in one of these patients, and this
patient was also included in this study. The patient se-
lection process that was used in this case series is shown
in Fig. 1.

Eleven patients were diagnosed with ceftriaxone-
associated pseudolithiasis among the 33 patients who
underwent CT within 1year of ceftriaxone administra-
tion and recruitment into this study. These patients’
baseline characteristics are shown in Table 1.

The durations for which patients underwent dialysis
upon initiation of ceftriaxone treatment varied widely
(Table 1). Patients 3 and 7 started receiving ceftriaxone
1 and 2 days, respectively, before initiating hemodialysis,
and patient 10 started ceftriaxone and hemodialysis sim-
ultaneously. Five patients were underweight (body mass
index <18.5 l(g/mz), two were obese (>23 l<g/m2), and
four were within the normal range. Five patients (45.4%)
had diabetes mellitus (DM) as their primary disease, and
this was effectively controlled by dietary therapy (pa-
tients 2, 3, and 6), an oral antidiabetic agent (patient 9),
or insulin (patient 4).

The lungs were the predominant site of infection. Five
patients (45.4%) had a history of CVD. All patients had a
low risk of aspiration and were therefore not instructed to
fast; none were emaciated or malnourished. Seven patients
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Patients with receiving CTRX under hemodialysis (N=77)

Excluded (N=13)
11 = preexistence with biliary lithiasis
2 = after cholecystectomy

screened by CT <ly

after receiving CTRX (N=33)

Not screened by CT <ly
after receiving CTRX (N=31)

Screened by CT <60d
after receiving CTRX (N=24)

I
Pseudolithiasis (+)
(N=11)

Pseudolithiasis (-)
(N=13)

Screened by CT 60d~1y
after receiving CTRX (N=9)

N Excluded (N=1)
Not obtained informed consent

Pscudolithiasis (+) (N=10) |

| Pseudolithiasis (+) (N=1) |

| Pseudolithiasis (-) (N=8) |

Fig. 1 Patient selection process

were bed-bound. Calcium-containing drugs were adminis-
tered to two patients, but none received calcium-
containing infusions. Ten patients (90.9%) were hypoalbu-
minemic (< 3.5g/dL), and no patient presented with hy-
percalcemia or severe secondary hyperparathyroidism.
The clinical characteristics of the 11 patients with
ceftriaxone-associated pseudolithiasis are shown in Table

Table 1 Baseline characteristics of the patients with pseudolithiasis

2. Three of these patients (patients 1, 10, and 11) did not
have abdominal symptoms or abnormalities in their trans-
aminase or biliary enzyme levels, but two (patients 6 and
8) had both findings and were diagnosed as having chole-
cystitis. Patient 9 had a history of taking a low dose of cef-
triaxone for a short period on another occasion (1 g for 3
days) but did not develop pseudolithiasis at that time.

Patient Age/sex Duration of dialysis BMI  Primary Infection CVD Fasting Bed- Ca-containing Serum Adjusted Int-PTH
after starting disease/ site bound drug Alb serum  (pg/mL)
ceftriaxone (days)® comorbidity (g/dL) Ca
(mg/dL)
1 85/F 1170 14.7 MPA Lung - — + - 14 104 48
2 82/M 1215 189 DM Unknown  + - — + 30 8.8 87
3 83/F —1° 20.6 DM Lung + - + - 2.7 838 365
4 71/F 2469 26.7 DM Lung + - + - 34 10.7 163
5 68/M 20 184 SLE Lung - - + — 18 9.6 81
6 83/M 928 18.1 DM Lung + - + + 30 9.5 132
7 65/M -2° 279 IRGN Lung, - - — - 20 9.7 -
penile
abscess
8 85/M 8 16.2  Unknown/ Lung - - + - 31 89 252
CO;, narcosis
9 32/F 868 176 FSGS Lung - - - - 35 9.5 113
10 82/M 0 19.6 DM Lung + - - - 37 9.1 69
Ial 70/M 1065 202 CGN/spinal Lung - - + - 2.8 838 116
cord injury

Alb Albumin, BMI Body mass index, Ca Calcium, CGN Chronic glomerulonephritis, CVD Cerebrovascular disease, DM Diabetes mellitus, FSGS Focal segmental
glomerulonephritis, Int-PTH Intact parathormone, IRGN Infection-related glomerulonepbhritis, SLE Systemic lupus erythematosus, MPA Microscopic polyangiitis, M
Male, F Female

“Patients 3 and 7 started receiving ceftriaxone 1 and 2 days, respectively, before initiation of hemodialysis; thus, these numbers are shown as negative
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Table 2 Clinical characteristics of the patients with pseudolithiasis

Patient Abdominal Abnormalities in levels of Dose of CTRX [g/  Dose of CTRX “Days to PDays to Site Treatment
symptoms transaminases/biliary day x duration (mg/kg/day) development disappearance
enzymes (days)]
1 - —/- 2x13 60.6 15 =€ GB -
2 - +/- 1x14 215 27 319 GB -
3 Vomiting +/— 1x 14 21.6 35 78 GB Fasting
4 Nausea —/+ 1x14 16.0 36 117 GB  Antibiotics
5 - +/- 1TX9(1x8 1x5,1 179 25 168 GB  Antibiotics
x 11)
6 Appetite +/+ 1% 14 210 14 =< GB  Fasting,
loss antibiotics
7 Vomiting —/— 2X2,1%X6 13.1 19 20 GB Fasting,
UDCA
8 Epigastralgia +/+ 1Tx 11 (1 x14) 274 43 50 GB, UDCA,
CBD  antibiotics
9 Epigastralgia —/- 1Tx8(1x3) 22.7 21 37 GB UDCA
10 - —/- 1x7 18.7 8 39 GB -
" - —/- 1x4 175 274 424 GB -

CTRX Ceftriaxone, CBD Common bile duct, GB Gall bladder, UDCA Ursodeoxycholic acid
®From the initiation of CTRX

PFrom the cessation of CTRX

‘These patients died before their follow-up abdominal CT

Patient 5 received ceftriaxone several times (1 g for 5-11
days) within a few months because of repeated uncon-
trolled infection and because he was allergic to other anti-
biotics except for ceftriaxone, but he showed no clinical
features of cholecystitis. Although patient 1 received a
relatively high dose of ceftriaxone (2 g for 13 days) and ex-
hibited a high level of biliary sludge (Fig. 2a), she was
asymptomatic. Patient 8 was re-administered ceftriaxone

for a longer period (11 vs. 14 days) and had a pseudolithia-
sis relapse; however, the second episode was less severe,
with no abdominal symptoms or increases in biliary en-
zyme concentrations. Thus, there was no clear correlation
between the dose of ceftriaxone that was administered
and the severity of pseudolithiasis. Abdominal symptoms
developed after cessation of ceftriaxone administration in
all patients who were diagnosed with ceftriaxone-

Fig. 2 Abdominal computed tomography images for each patient. a (Patient 1): A large high-density lesion appeared in the gall bladder 15 days
after ceftriaxone administration. b, ¢ (Patient 9): A high-density lesion appeared in the gall bladder 21 days after administration of ceftriaxone (b),
and it had completely resolved 37 days after cessation of ceftriaxone (c). d, e (Patient 5): A small high-density lesion appeared in the gall bladder
25 days after administration of ceftriaxone (d), and it had finally resolved 168 days after cessation of the first course of ceftriaxone (e). f (Patient
11): A high-density lesion was still present 274 days ceftriaxone administration in patient 11 who had a spinal cord injury
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associated pseudolithiasis. Only one patient (patient 10)
was screened prospectively for pseudolithiasis despite a
lack of abdominal symptoms; he was recognized as having
pseudolithiasis within the ceftriaxone administration
period, and ceftriaxone was discontinued soon afterward.
Pseudolithiasis was diagnosed several days to months after
the initiation of ceftriaxone and resolved several months
after its cessation in most instances (Fig. 2b, c). The condi-
tion took a relatively long time to resolve in patient 5, who
had pseudolithiasis after repeated administration of ceftri-
axone (Fig. 2d, e). For patients 2 and 11, CT was
performed a relatively long time after ceftriaxone adminis-
tration when the next episode of infection occurred. Pseu-
dolithiasis was present 274 days after the initiation of
ceftriaxone in patient 11, who had a spinal cord injury
(Fig. 2f). Symptomatic patients were treated by fasting or
administration of antibiotics and/or ursodeoxycholic acid,
and none required an invasive endoscopic or surgical pro-
cedure. Ceftriaxone-associated pseudolithiasis resolved
spontaneously in all affected patients, except patients 1
and 6, who died before their follow-up abdominal CT.

Comparison of clinical characteristics in patients with or
without pseudolithiasis

Among 13 patients who underwent CT scans < 60 days
after ceftriaxone administration and did not develop
pseudolithiasis, two patients did not wish to provide in-
formed consent, and they were excluded from the study.
The remaining 11 patients without pseudolithiasis were
enrolled into the study (Fig. 3). Table 3 shows the clin-
ical characteristics and dosage/duration of ceftriaxone
that was administered to patients with and without
pseudolithiasis. There were no significant differences in
patient characteristics, the prevalence of DM or CVD,
being bed-bound, fasting, or serum albumin, calcium, or
int-PTH between the two groups. There was also no sig-
nificant difference in the dose per unit body mass, but
there was a significant difference in the duration and
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total dose of ceftriaxone that was administered between
the two groups.

Discussion

In the present study, we retrospectively investigated 11
patients who underwent hemodialysis and developed
ceftriaxone-associated pseudolithiasis. The baseline char-
acteristics varied among the patients; hypoalbuminemia
was present in 10 of them, but none had severe
malnutrition.

There was no clear relationship between the dose of
ceftriaxone that was administered and the severity of
pseudolithiasis. In most patients, the pseudolithiasis re-
solved within several months of ceftriaxone discontinu-
ation, but one patient with a spinal cord injury still had
pseudolithiasis approximately 10 months later, despite
taking a relatively low dose.

The development of pseudolithiasis was significantly
associated with the duration and total ceftriaxone dose
that was administered.

Ceftriaxone is a widely used third-generation paren-
teral cephalosporin that has broad-spectrum antibacter-
ial activity against Gram-positive and Gram-negative
bacteria [2]. Its advantages include good tissue penetra-
tion and a long elimination half-life that permits once-
daily administration [1]. Approximately half of the ceftri-
axone that is administered is eliminated by the kidney
(45-60%), and the remainder is excreted in the bile. In
addition, ceftriaxone binds strongly to albumin and is
not removed from the plasma by hemodialysis [4]. Gen-
erally, dose adjustment is not required for patients with
renal dysfunction, unless they also have liver dysfunction
or take doses exceeding 2 g/day [3]. Thus, ceftriaxone is
widely used in patients with end-stage renal failure who
develop a range of infections, including respiratory, urin-
ary tract and soft tissue infections, and meningitis, and
its use is rarely associated with adverse effects [4].

’ Screened by CT <60d after receiving CTRX (N=24) ‘

Pseudolithiasis (+)
(N=11)

Pseudolithiasis (-)
(N=13)

Excluded (N=1)
Not obtained informed consent

Excluded (N=2)
Not obtained informed consent

A

Pseudolithiasis (+)

(N=10)

Fig. 3 Flow chart for analysis of with/without developing pseudolithiasis

Pseudolithiasis (-)
(N=11)
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Table 3 Comparison between patients with and without pseudolithiasis

Pseudolithiasis (n = 10) No pseudolithiasis (n = 11) P value
Age (years) 739 + 165 711 +£187 0.72
Male sex, n (%) 6 (63.6) 7 (61.9) 0.86
DM, n (%) 5 (50.0) 2(182) 0.12
CVD, n (%) 5 (50.0) 4 (364) 0.53
Body mass (kg) 50.1 £125 524 +90 0.64
Body mass index (kg/mz) 199 +43 209+ 28 053
Ca-containing drug, n (%) 2 (20.0) 3(27.3) 0.70
Bed-bound, n (%) 6 (60.0) 4 (364) 028
Fasting, n (%) 0 (0) 1(154) 033
Laboratory
Albumin (g/dL) 28+08 30+ 06 035
Calcium (mg/dL) 95+ 06 94+ 06 0.75
Int-PTH (pg/mL) 113.0 (81.0-163.0) 143.0 (94.0-228.0) 0.61
Dose of CTRX (mg/kg/day) 213 (18.1-224) 17.2 (16.1-19.8) 017
Duration of CTRX infusion (day) 12 (8.3-14) 4 (2-8) 0.00872*
Total dose of CTRX (g) 125 (9.3-14) 4 (2-8) 0.00476*

DM Diabetes mellitus, CVD Cerebrovascular disease, Ca Calcium, Int-PTH Intact parathormone, CTRX Ceftriaxone

*Statistically significant (P < 0.05)

The first pediatric case of ceftriaxone-associated pseu-
dolithiasis was reported by Schaad et al. in 1986 [9].
Since then, many pediatric cases but few adult cases
have been reported [10]. The prevalence has been shown
to be 14-46.5% in children [5], but only 0-19% are
symptomatic [11, 12], meaning that this adverse effect
may be overlooked. The mechanisms of ceftriaxone-
associated pseudolithiasis have been described and are
discussed below. Because 40% of infused ceftriaxone is
excreted in the bile, it is present in the gall bladder (GB)
at 20-150 times the concentration found in the serum.
Because of its high concentration in the GB and its high
binding affinity for calcium ions, ceftriaxone precipitates
as an insoluble calcium salt in the GB, forming biliary
sludge or stones. This is referred to as “pseudolithiasis”
because of the spontaneous reversibility of the ultra-
sonographic findings and the relief that is obtained from
abdominal symptoms after cessation of ceftriaxone ad-
ministration [5]. Pseudolithiasis appears 4—7 days after
initiation of ceftriaxone and resolves 2—-63 days after its
discontinuation [5]. Most (85-90%) of the infused ceftri-
axone binds to albumin in the blood, and the remaining
ceftriaxone is excreted unchanged by the GB and kidney.
Thus, hypoalbuminemia and renal dysfunction are risk
factors for pseudolithiasis.

Other risk factors for pseudolithiasis include fasting,
being bed-bound, and dehydration, all of which cause
cholestasis by preventing GB contraction. These risk
factors are consistent with those of common cholelith-
iasis, and they contribute to ceftriaxone accumulation

in the GB. They also include hypercalcemia, high
ceftriaxone dosage (>2g/day [13] or > 100 mg/kg/day
[14]), and/or long duration of treatment. UDP-
glucosyltransferase family 1 member Al (UGT1AI)
gene polymorphisms were recently proposed to be an-
other possible risk factor [15].

Although renal dysfunction is considered a risk
factor, this contention is based on only a few case re-
ports [16, 17].

There have been few comprehensive studies of the
prevalence or biology of pseudolithiasis. Recently,
Imafuku et al. reported that female sex and renal
dysfunction, but not hemodialysis (prevalence of 5.4%,
hazard ratio 1.81), were independent risk factors [18].
However, another retrospective cohort study showed
that hemodialysis and the dose of ceftriaxone were the
main risk factors (prevalence of 9.7%) [19]. Thus, no
consensus has been reached on its prevalence or risk
factors in hemodialysis patients.

In the present study, among the 33 patients who
underwent abdominal computed tomography within 1
year of receiving the drug, 11 patients had ceftriaxone-
associated pseudolithiasis, which suggests that there is a
relatively high incidence among hemodialysis patients.

Taking ceftriaxone for a short period did not lead to
the development of pseudolithiasis. However, its re-
peated administration caused prolonged pseudolithiasis.
Most patients received ceftriaxone at a dose of 1 g/day.

In previous studies in pediatric patients [5, 6], the ob-
servational period was 60 days, and there has been little
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research on pseudolithiasis beyond 60 days [20]. Add-
itionally, there have been no prospective studies about
the time course for developing pseudolithiasis after cef-
triaxone administration in hemodialysis patients. Silent
cases of pseudolithiasis that are presented in this report
are consistent with the results of previous studies [11].
Therefore, it is uncertain whether pseudolithiasis had
occurred without symptoms and had already resolved
even in non-incident patients who underwent CT scans
after 60days of treatment with ceftriaxone. Thus, we
compared patients with or without pseudolithiasis who
underwent CT scans within 60 days after ceftriaxone
administration.

Most of these patients had hypoalbuminemia, which
may synergistically increase biliary excretion with renal
dysfunction, although there was no significant difference
in patients with or without pseudolithiasis.

The development of pseudolithiasis was significantly
associated with the duration and total dose of ceftriax-
one that was administered.

Thus, consistent with previous reports, pseudolithiasis
development was associated with the duration and total
dosage of ceftriaxone that was administered, but our
study differed because the dose did not exceed 2 g/day.
This could be explained because ceftriaxone may accu-
mulate in hemodialysis patients who take it for a longer
duration because its elimination half-life is much longer
in patients with renal dysfunction (11.7-17.3 h vs. 6-8.5
h in the absence of renal dysfunction) [3, 4].

We did not find a relationship between the dose of
ceftriaxone that was administered and the severity of
pseudolithiasis. It is possible that another factor, which
may be genetic or environmental, is involved in the de-
velopment of pseudolithiasis or determines the severity
of the disease. Further studies are needed to investigate
these factors.

In previous studies, pseudolithiasis was found up to
63 days [5] but not after 6 months [20] after initiation
of ceftriaxone. However, in some patients, 5 months
to lyear was required for pseudolithiasis to resolve
[7]. Thus, we decided to set the observation period to
both within 60 days and from 60 days to 1year after
initiating ceftriaxone treatment. We found that pseu-
dolithiasis persisted for 10 months in one patient with
a spinal cord injury. It was recently reported that
pseudolithiasis may not necessarily always be directly
caused by high doses of ceftriaxone, but rather by
fasting or being bed-bound, which are conditions that
are associated with GB dysmotility. This may increase
the concentration and decrease the excretion of ceftri-
axone, which result in drug accumulation in the GB
[21]. Therefore, the long duration of pseudolithiasis in
the patient with a spinal cord injury might be due to
the associated GB dysmotility.
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There were several limitations to this study. Because
we could not obtain CT images for all patients who had
received ceftriaxone and because the times at which
these CT scans were performed varied among the
patients, we could not identify the exact timing of the
development or resolution of pseudolithiasis or its
prevalence. We also could not identify predictors of
pseudolithiasis development or severity because our
study population was small and did not include a control
group. Further study and publication of similar cases are
needed.

Conclusions

Ceftriaxone-associated pseudolithiasis may be relatively
common in patients undergoing hemodialysis, particu-
larly those who receive the drug for a longer duration
and at a larger total dosage. It is important to be aware
of this adverse effect and to carefully monitor patients
for several months to 1 year after the ceftriaxone admin-
istration, especially patients who may also have GB
dysmotility.
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