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The aim. To evaluate the safety profile of cefodizime in comparison with ceftriaxone and amoxicillin/clavulanic acid based
on an analysis of current literature data.

Materials and methods. A literature search was conducted among randomized controlled trials, cohort studies, meta-
analyses, and clinical guidelines for the period from 2021 to 2026 in the PubMed database.

Results. The analysis of publications and one clinical guideline revealed that the safety profile of cefodizime in comorbid
patients is more favorable compared to ceftriaxone and amoxicillin / clavulanic acid. The use of ceftriaxone is associated
with a dose-dependent and duration-dependent risk of developing biliary pseudolithiasis, cholestatic hepatitis,
nephrolithiasis, and crystalluria, especially in patients with risk factors such as decompensated comorbidities, dehydration,
starvation, and polypharmacy. Amoxicillin / clavulanic acid remains one of the leading causes of drug-induced liver injury,
including cholestatic forms, and also demonstrates clinically significant interactions with vitamin K antagonists and direct
oral anticoagulants. No convincing data on hepatotoxicity or nephrotoxicity or clinically significant interactions with oral
anticoagulants were found for cefodizime, including in patients with hepatobiliary and urinary system pathology. However,
the limited volume of clinical studies requires further investigation of its safety in larger cohorts.

Conclusion. Cefodizime, ceftriaxone, and amoxicillin / clavulanic acid are effective in comorbid patients; however, their
safety profiles differ. Cefodizime is characterized by a lack of data on hepatotoxicity and nephrotoxicity and does not
demonstrate clinically significant drug interactions with oral anticoagulants, unlike ceftriaxone and amoxicillin / clavulanic
acid. At the same time, the limited number of clinical studies on cefodizime requires further investigation of its safety
profile in larger cohorts of comorbid patients.
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Abbreviations: ADR — adverse reaction; ESBLs — extended-spectrum beta-lactamases; PBP — penicillin-binding protein;
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Llenb. OueHutb Npoduab bGesonacHocTh LedboaM3nma B CPaBHEHMU C LeGTPUAKCOHOM M aMOKCULMINH/KAaBY1aHOBOWM
KWUC/NIOTOM HAa OCHOBE aHa/IM3a aKTYa/IbHbIX IMTEPaTyPHbIX AAHHbIX.

Martepuanbl U metoabl. MoOUCK UTepaTypbl NPOBOANIN CPeaU PAaHAOMMU3UPOBAHHbLIX KOHTPONIMPYEMbIX UCCAeA0BaAHUM,
KOTOPTHbIX UCCNeA0BaHUM, MEeTaaHaIM30B U KIMHUYECKUX peKoMeHZauui 3a nepuog, ¢ 2021 no 2026 rr. B 6ase AaHHbIX
PubMed.

Pe3ynbtatbl. B pesynbrate aHanusa nybanKaumin M O4HOW KAMHWYECKOW PEKOMEHZALMU BbIABNEHO, 4TO MNpodub
b6esonacHocT LedoansMma y KOMOPOUAHbLIX NauueHToB 6onee 6naronpusaTeH Mo CpaBHEHUIO C LedTPMAKCOHOM M
AMOKCULMINMH/KNABYNAaHOBOW KUCIOTON. MpuMeHeHWe uedTPMaKCOHA COMPSKEHO C 40303aBMCUMMbIM M 33aBUCALLMM
OT ANUTENbHOCTU Tepanuu PUCKOM Pa3BUTUA BUAMApHOro MCeBAOAMTMA3a, XO/SecTaTUYecKoro renatuTta, Heppoamntnasa
N KPUCTanNypuun, oCOBEHHO Yy MaLMeHTOB C TaKMMWU (aKTOpamMM PUCKA, KaK LEKOMMEHCMPOBAHHbIe COMyTCTBYHOLLME
3aboneBaHusn, Aervapartaums, ronogaHve M mnoaunparmasus. AMOKCULMANUH/KNEBYAaHOBAsA KUCAOTa OCTaéTcAa OAHOM
U3 BeAyLMX NPUYUH NeKAPCTBEHHO-UHAYLIMPOBAHHOTO NMOPAMKEHUA MEYEeHM, BK/IOYAsA Xonectatmyeckne Gopmbl, a TaKKe
OEMOHCTPUPYET KAUHUYECKM 3HAYMMble B3aUMOAEMNCTBMA C aHTAaroHUCTamu BUTamMumHa K M NpAmMbIMM nNepopasnbHbIMU
aHTUKoarynaHTamu. Ansa uedoamsmma He ObOHapyKeHO ybeauTenbHbIX AAHHbIX O remaTto- U HedPOTOKCUYHOCTU MU
KAUMHUYECKN 3HAYMMbIX B3aMMOAENCTBUAX C NEPOpPasbHbIMKU aHTUKOAryNAHTaMM1, B TOM YUC/ie Y MALMEHTOB C NaToNormnen
renatobuavapHon M MoYeBblAENUTENIbHOM cucTeM. BmecTe ¢ TeM orpaHUYeHHbI OBBEM KAMHUYECKMX MCCaefoBaHUM
TpebyeT ganbHelLero nsyyeHns ero 6e3onacHOCTM € yyactmem 60bLINX KOTOPT NALLMEHTOB.

3aknoueHune. Ledogmsnm, uedTPMAKCOH M aMOKCULMAIMH/KNaBylaHOBas KUcoTa 3GGEKTUBHLI Y KOMOPBUAHbIX
nauueHToB, OA4HAKoO WX npodunb 6esonacHocTu pasnunyaetca. Lledoamsmm xapakTepusyeTcs OTCYTCTBMEM [AAHHbIX
0 renato- U HedPOTOKCUYHOCTM WU He [AEMOHCTPUPYET KAMHUYECKM 3HAYMMbIX JIeKAapCTBEHHbIX B3aMMOAEWCTBUW C
nepopasibHbIMW aHTUKOAryaaHTamu, B OTAMYMe OT LedTPUaKcoHa M aMOKCUUMAIMH/KNAaByNaHOBOM KUCAOTbl. B TO e
BPEMSA OrpaHUYEHHOEe YWUCIO0 KAMHWUYECKMX UccnepsoBaHui uedoamsmma TpebyeT panbHellero nusyvyeHna ero npoouna
6€30MacHOCTN B PaCLUMPEHHbIX KOTOPTax KOMOPOUAHbIX NALNEHTOB.

KnioueBble cnosa: KOMOPOUAHOCTb;
leKapCcTBEHHbIE

conyTcTBylolwMe 3aboneBaHus;
nepopasibHble

aHTMBaKTepuanbHaa Tepanus;
HedpPOTOKCUYHOCTL;

uedoamsum;

NIeKapCTBEHHOE  MOPaXeHWe  neyeHu; QHTUKOAryNAHTbI;
B3aMMOZENCTBUA

Cnucok cokpaweHuit: HP — HexenatenbHble peakuuun; BJIPC — B-naktamasbl pacwmpeHHoro cnektpa; MNCb —
NeHUUUNNMH-CBA3bIBalOWMe 6enku; JIAMNN  — HAXBN —

HeanNKoronbHasa uposasa 6onesHb nedyeHu; ABIM — ankoronbHaa 6onesHb nedeHn; HLA — rnaBHbI KOMMAEKC

NIEKapCTBEHHO-NHAYLNPOBAaHHOE TMOpaXKeHune nevyeHu;

TMCTOCOBMECTUMOCTM Yenoseka; PN — ubpunnaums npeacepguii; OAK — nepopanbHble aHTUMKoarynsaHTbl; MOAK —
npsiMble nepopasibHble aHTUKoarynAaHTbl; MHO — meXayHapoaHoe HOpMann30BaHHOE OTHOLLIEHME.

INTRODUCTION
The increase in patients with polymorbidity and
polypharmacy correlates with a higher incidence

of adverse drug reactions during antimicrobial

therapy. The most vulnerable are elderly patients
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and those with chronic diseases of the liver, kidneys,

cardiovascular, and respiratory systems, in whom
even standard drug doses can be associated with an
increased risk of adverse reactions (ARs) and drug

interactions [1].
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In this regard, the systematization of data on the
safety profile of widely used B-lactam antibiotics in
comorbid patients is of significant interest for practical
healthcare [2].

Cefodizime and ceftriaxone, belonging to third-
generation cephalosporins, as well as the combination
drug amoxicillin / clavulanic acid, are widely used in
the treatment of infections of various localizations in
patients of therapeutic profile. Despite accumulated
clinical experience, most available studies on the
safety profile of these antibiotics were conducted in
relatively homogeneous groups, without considering
the pronounced comorbidity and polypragmasia
characteristic of real clinical practice. This necessitates
an analysis and comparison of published data on
the frequency and structure of ARs of these drugs in
patients with concomitant diseases [3, 4].

Lower

respiratory tract infections are among

the leading causes of mortality worldwide.
According to the WHO, they rank 7 among the
main causes of mortality in upper-middle-income
countries and first in low-income countries'.
Urinary tract infections are the second most common
pathology among all infectious diseases, affecting over
150 million people worldwide annually [5]. In Russia,
4.1 million medical consultations for urinary tract
infections were registered in 2022 [6].

Community-acquired  pneumonia, caused by
viruses, as well as typical and atypical bacteria, remains
one of the leading causes of mortality in patients of
different age groups: in high-incidence countries,
lethality is 9—17.5% [7]. The presence of concomitant
diseases in patients with infectious and inflammatory
pathology can affect both the course of the primary and
comorbid processes, as well as the efficacy and safety
of drug therapy [8].

Comorbidity is defined as the combination in
one patient of two or more chronic diseases that
are etiopathogenetically linked or coincide in their
onset, regardless of the activity of each [9]. With age,
the frequency of comorbid diseases increases: in
individuals aged 65-74, it reaches 62%, and in patients
aged 85 and older, it is 82% [8].

Patients

appropriately receive several

with  multiple concomitant diseases

medicines (adequate

! World Health Organization (WHO). The top 10 causes of death.
Available  from: https://www.who.int/ru/news-room/fact-sheets/
detail/the-top-10-causes-of-death
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polypharmacy). The burden of taking medicines
increases the risk of side effects, which is a significant
reason for hospitalization and prolonged hospital
stays [9].

Cephalosporins are B-lactam antibiotics.
Depending on the chronology of drug development
and their antimicrobial properties, these antibiotics
are divided into different generations, from first to
fifth.
contain a six-membered dihydrothiazine ring connected
to the B-lactam moiety. Substituents at C3, C4, and

C7 are key factors in their antimicrobial activity.

Structurally, third-generation cephalosporins

Furthermore, the carboxyl group at C4 must remain
unchanged, and the acylamide side chain at C7
(7-aminocephalosporanic acid nucleus) plays a crucial
role in the hydrophilic/hydrophobic properties of these
compounds.

Third-generation cephalosporins are the most
frequently prescribed group of antibiotics [10]. The
first third-generation cephalosporin, cefotaxime, was
developed in the late 1970s. Through improvements
to the “parent” molecule, ceftriaxone and cefodizime
have been created and introduced. These drugs
differ from cefotaxime in that they have a longer
half-life (T,
which in turn improves patient adherence and reduces

), allowing for once or twice daily dosing,

therapy costs [11].

These antimicrobial agents are characterized by
a broad spectrum of activity, covering both Gram-
Their

antibacterial effect is more pronounced against Gram-

positive and Gram-negative microorganisms.

negative flora resistant to first and second-generation
cephalosporins [10].

Currently, this advantage has been somewhat
diminished due to the spread of extended-spectrum
(ESBL)-producing
even in

B-lactamase Enterobacteriaceae

strains, community-acquired infections.
However, Gram-positive microorganisms and a number
of Gram-negative pathogens retain high sensitivity to
this class of antibacterial agents, justifying their use in
modern clinical practice [11].

Cefodizime belongs to the subclass of amino-2-
thiazolyl-methoxyiminocephalosporins  and  shows
significant structural similarity to cefotaxime and
ceftriaxone. Several experimental studies have shown
that, in addition to its antibacterial action, the drug

has a regulatory effect on the inflammatory response
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and stimulates the functional activity of various
components of the immune system, allowing it to be
considered a potential immunomodulator in infectious
diseases [11, 12].

Being used at therapeutic doses, the
pharmacokinetics of cefodizime remain linear. It may
be more convenient to use than some other drugs
in this class, as it can be administered once or twice
daily [13, 14]. Cefodizime has several advantages for
use in comorbid patients. This issue will be explored in
detail in our article.

THE AIM

of cefodizime

is to evaluate the safety profile

compared to ceftriaxone and
amoxicillin / clavulanic acid based on an analysis of

current literature data.

MATERIALS AND METHODS

Full-text publications were conducted
PubMed database. Works
ceftriaxone, and amoxicillin / clavulanic acid in the

in the
studying cefodizime,
treatment of infectious and inflammatory diseases
in polymorbid patients with hepatobiliary system
pathology, urinary system pathology, or those
taking oral anticoagulants from 2021 to 2026 were
analyzed using the following keywords: “cefodizime”,
“ceftriaxone”, “amoxicillin clavulanate”, “drug-induced
liver damage”,

“hepatotoxicity”,  “cholelithiasis”,

n

“nephrolithiasis”,

» u

crystalluria”, “warfarin”, “direct oral
anticoagulants” and their Russian equivalents.

As a result, 3325 sources were found. Works for
which full text was not accessible, as well as those not
directly related to the review topic, were excluded from
the bibliography. Consequently, 58 scientific works

were included in this review.

RESULTS AND DISCUSSION

Mechanism of Action of Cephalosporins
inhibit the

wall,

of the
peptidoglycan.

Cephalosporins synthesis

bacterial cell specifically
Peptidoglycans are the exoskeleton of bacteria,
providing structural integrity and shape to cells and
protecting them from lysis. These structures are cross-
linked in the final stage of bacterial cell wall synthesis,
forming peptidoglycan polymers with the help of
membrane-bound enzymes (i.e., transpeptidases,
carboxypeptidases, and endopeptidases), collectively

known as penicillin-binding proteins (PBPs) [10].
426

Most bacteria possess at least one PBP, and they
are the target for various B-lactam antibiotics such
as cephalosporins, penicillins, carbapenems, and
monobactams. The B-lactam ring structure of third-
generation cephalosporins mimics the “D-Ala-D-Ala”
PBP substrate. Structural

binding of cephalosporin antibiotics to the active site

fragment of the natural

of PBPs in bacterial cell walls leads to the inhibition of
their enzymatic activity and disruption of peptidoglycan
synthesis, resulting in the inability to build a functional
cell wall and subsequent death of bacterial cells due to
osmotic lysis [10].

Spectrum of Activity of Cefodizime
and Indications for Use

broad
against

Cefodizime has a spectrum  of

antibacterial activity Gram-positive and
Gram-negative aerobes. Stable sensitivity is noted
Klebsiella

pneumoniae, Morganella morganii, Proteus mirabilis,

in  Enterobacteriaceae (Escherichia coli,
Proteus vulgaris, Shigella sonnei, Yersinia enterocolitica,
and Salmonella species), whereas activity against
Citrobacter (including Citrobacter freundii) and Serratia
marcescens is noted as weak and variable; against
Enterobacter spp., the drug, like most third-generation
cephalosporins, is ineffective [14].

Cefodizime

inhibited Haemophilus influenzae

(ampicillin-sensitive and resistant), Moraxella

catarrhalis, Neisseria gonorrhoeae (B-lactamase-

producing and non-producing), and Neisseria

meningitidis, but is inactive against Pseudomonas
aeruginosa and Xanthomonas maltophilia. Methicillin-
sensitive strains of Staphylococcus aureus are sensitive
to the drug, whereas Staphylococcus epidermidis
and MRSA remained resistant. In vitro, cefodizime
inhibited
and S. pyogenes,

effectively Streptococcus  agalactiae,

S.  pneumoniae, demonstrating
activity comparable to first and second-generation
cephalosporins [14].

In adult patients, the drug can be used for bacterial
infections caused by susceptible microorganisms.
Its use is of greatest clinical significance in patients
with weakened body condition and/or reduced
immune defense. The spectrum of indications includes
uncomplicated lower urinary tract infections in women,
other urinary tract infections, lower respiratory tract

infections, and gonorrhea.

Volume X1V, Issue 4, 2026
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Dosage adjustment is necessary only in elderly
patients with impaired renal function.

Side Effects

Cephalosporins are generally well-tolerated, but
individuals with penicillin allergy may have an increased
risk of allergic reactions due to the common B-lactam
ring [15].

Generally, a higher frequency of cross-reactivity is
observed with first-generation cephalosporins [15].
high
is characterized by a more pronounced
injury (DILI),
cholestatic forms and the development of biliary

Ceftriaxone, while maintaining clinical
efficacy,
risk of drug-induced liver including
pseudolithiasis / cholelithiasis, as well as nephrotoxic

complications manifesting as nephrolithiasis and
crystalluria in predisposed patients. Concurrently, rare
but clinically significant cases of severe cutaneous
and systemic reactions (Stevens-Johnson syndrome,
toxic epidermal necrolysis) and ceftriaxone-associated
neurotoxicity in the form of encephalopathy have been
described [10].

Cefodizime, in contrast, demonstrates a more
favorable safety profile: according to available clinical
data,

parenteral administration, with no convincing evidence

the drug is generally well-tolerated upon
of clinically significant hepato- and nephrotoxicity,
which allows it to be considered a preferred option in
patients with an increased risk of hepatobiliary and
renal complications of antibacterial therapy [14].

Comorbid Patients with Impaired Liver

and Pancreatic Function

Pancreatitis, including both acute and chronic
forms, is a primary cause of gastrointestinal morbidity
and hospitalization [16].

Acute pancreatitis is a critical condition with high
mortality, ranging from 20% to 40%, mainly due to
systemic complications such as sepsis and multiple
organ failure [17].

The global standardized incidence rate of
pancreatitis in 2021 was 52.64 (95% Cl: 45.57-60.42)
per 100,000 people. The lowest incidence rate in
individual countries was observed in Zambia (23.76,
95% Cl: 19.15-29.79), and the highest in the Russian
Federation (173.44, 95% Cl: 142.20-204.01) [16].

It is that in 2024,
approximately 240 million people worldwide with

estimated there were

Tom 14, Beinyck 4, 2026

chronic hepatitis B virus infection, corresponding
to 2.9% of the global population, as well as about
68 million people infected with hepatitis C virus?.

According to available data, in 2024, approximately
1.1 million deaths from cirrhosis and liver cancer
associated with hepatitis B virus were registered
worldwide, which is 17% higher than in 2015: 240,000
people died from liver cirrhosis and liver cancer caused
by hepatitis C virus (95% Cl: 160,000—370,000), which is
12% less compared to 20153,

It is estimated that hepatic steatosis affects
1.7 billion people worldwide and is one of the fastest-
growing causes of chronic liver disease globally*.

According to the results of a meta-analysis
conducted in 2023, the global prevalence of non-
alcoholic fatty liver disease (NAFLD) has increased by
50.4% over the past 20 years. In the Russian clinical
epidemiological study DIGER, the authors also note
a significant increase in the frequency of NAFLD
among the Russian population (+38.1% over 7 years of
observation) [18].

Approximately 26% of individuals with alcohol
abuse and up to 55% of patients with alcohol use
disorder develop one of the clinical forms of alcoholic
liver disease (ALD) [19].

About 10-20% of people with ALD develop liver
Thus,

liver cirrhosis is estimated at approximately 0.3% in

cirrhosis. the prevalence of alcohol-related
the general population, but increases to 12.9% in
individuals with alcohol use disorder [20].

In 2023, according to available data, 3.15 million
people suffered from alcoholic liver cirrhosis. 419,429
new cases were registered: despite the overall increase
in disease prevalence, the age-standardized prevalence
was 34.6 per 100,000 people, reflecting demographic
shifts [21].

The epidemiology of chronic cholecystitis largely
coincides with the epidemiology of gallstone disease. It
is estimated that 10% to 20% of the world’s population
develops gallstone disease during their lifetime,
with approximately 80% of cases remaining clinically
asymptomatic [22].

2 World Health Organization (WHO). Global hepatitis report 2026.
Geneva; 2026. Available from: https://whodc.mednet.ru/en/
main-publications/infekczionnye-bolezni-i-borba-s-nimi/virusnyj-
gepatit/4478/visit.html

3 Ibid.

4 Seventy-ninth World Health Assembly — Daily update: 21 May 2026.
World Health Organization; 2026. Available from: https://www.who.
int/news/item/21-05-2026-seventy-ninth-world-health-assembly---
daily-update--21-may-2026 (accessed 21.05.2026).
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Untreated acute cholecystitis is associated with In most cases, it is asymptomatic and

a significant risk of complications and mortality,
especially in the elderly patient group.

Gallbladder perforation, a potential complication of
untreated cholecystitis, has a mortality rate of 30% [23].

Given the high prevalence of liver and biliary tract
pathology in the population, it is crucial to assess
the risk of hepatotoxic ARs when prescribing drug
therapy.

Impact of Comorbidity on the Safety

of B-Lactam Antibiotic Therapy

Numerous observational cohort studies confirm
a direct correlation between the cumulative burden
of chronic diseases and the frequency of ARs during
B-lactam antibiotic therapy. In particular, an analysis
of the North American population demonstrated
a statistically significant association between high
scores on the Charlson Comorbidity Index (CCl) and
the probability of developing both typical (Type A) and
idiosyncratic (Type B) ARs. Notably, the CCl comorbidity
index has become part of the panel of independent
predictors of ARs, alongside polypharmacy, geriatric
status of the patient, and gender. Antibacterial agents
were second only to anticoagulants in the hierarchy of
pharmacological classes most frequently inducing ARs.

The most vulnerable cohort regarding drug-induced
acute kidney injury when prescribing antimicrobial
drugs are individuals of geriatric profile with pre-
existing multimorbidity. Basic risk determinants include
diabetes mellitus, essential arterial hypertension,
systolic myocardial dysfunction, and chronic kidney
This risk

therapy with drugs that modify the renin-angiotensin-

disease. is potentiated by concomitant
aldosterone system (ACE inhibitors, angiotensin I
receptor blockers) and diuretics. Dehydration acts
as an additional trigger, exacerbating the prerenal
vasoconstrictor component of nephrotoxicity [8].

Safety of Cefodizime, Ceftriaxone,

and Amoxicillin / Clavulanic Acid in Patients

with Hepatobiliary System Pathology

Parenteral administration of ceftriaxone causes
biliary sludge (pseudolithiasis) in 3—46% of patients® [24].

5 LiverTox: clinical and research information on drug-induced liver
injury [Internet]. Bethesda (MD): National Institute of Diabetes and
Digestive and Kidney Diseases; 2012-. Ceftriaxone. Updated 20
Dec 2021. Available from: https://www.ncbi.nlm.nih.gov/books/
NBK548258/ (accessed 24.05.2026).
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spontaneously resolves after discontinuation of the
drug, but in rare cases, it leads to severe pancreatitis or
cholecystitis requiring surgical intervention. In children,
the risk is higher with high doses of ceftriaxone,
prolonged therapy, fasting, and dehydration.

The mechanism involves the binding of the drug
to calcium ions, leading to the formation of insoluble
crystals in bile and urine. Interaction with calcium
phosphate forms stable stone aggregates. Very rarely,
idiosyncratic cholestatic hepatitis develops.

Clinical Trial Results

and Patient Management Strategies

In most described cases, recovery was rapid,
within 1-2 weeks, but some patients required
cholecystectomy during the acute illness, and stones
or sediment could persist for several months. The
immunoallergic form of cholestatic hepatitis usually
resolves quickly and is not associated with acute liver
failure or chronic liver damage.

Probability Assessment: B (ceftriaxone is a highly
probable cause of clinically significant liver injury and
can also lead to the formation of bile sediment and
“pseudolithiasis” caused by ceftriaxone crystallization in
bile present in the gallbladder or biliary tract)®.

Bile acids and ceftriaxone may use the same
transport pathway, so ceftriaxone secretion with bile
can inhibit bile acid secretion. While ceftriaxone is
85-95% bound to albumin in blood, 45% is excreted
unchanged in bile; therefore, the concentration of
ceftriaxone in bile is 20—-150 times higher than in serum
[25, 26].

When the concentration of ceftriaxone in the
gallbladder exceeds a threshold value, it is known to
precipitate by binding to calcium ions secreted along
with bile acids. Subsequently, the precipitated drug
forms stones and can ultimately lead to ceftriaxone-
induced biliary pseudolithiasis. The formation of this
calcium-ceftriaxone complex is detected by ultrasound
as a gallstone or bile sediment. Pseudobiliary stones are
considered structurally unstable; therefore, they are
easily excreted with bile [26].
results of a

T. Yassen et al. presented the

prospective study on the incidence and clinical

outcomes of biliary pseudolithiasis associated with

© Ibid.
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ceftriaxone use. The study included 60 patients. In 11
of them, ultrasound revealed cholelithiasis (18.3%)
[26]. In univariate analysis, cholelithiasis developed
more frequently in patients requiring fasting and bed
rest (p < 0.001). In multivariate analysis, the duration
of fasting (OR, 4.44; 95% Cl: 2.04-14.64; p < 0.0001)
and the duration of bed rest (OR, 2.21; 95% Cl:
1.25-4.26; p =0.008) were significantly associated
with pseudolithiasis and independent of each other.
Furthermore, cholelithiasis appeared relatively early
during the period of fasting and bed rest [26].

When studying potential risk factors using the
FAERS database, data on 764 adverse events (AEs)
related to the formation of stones in the hepatobiliary
system during ceftriaxone therapy were analyzed to
assess potential risk factors: age group, sex, dose. Sex
was not identified as a risk factor for the development
of ceftriaxone-induced hepatobiliary stones. However,
male infants (under 1 vyear), boys, girls, male
adolescents, and elderly women were potential risk
factors for the development of ceftriaxone-induced
hepatobiliary stones, based on ROR025>1 and
IC025 > O criteria [26].

In a retrospective study involving 634 adult
patients with common infectious diseases treated with
ceftriaxone in a general hospital in Qatar, it was found
that the use of ceftriaxone in combination with other
drugs metabolized in the liver was associated with a
significantly higher incidence of liver damage (19.7%)
compared to data from other similar studies [27-29].
The inclusion criteria were as follows: a) hospitalized
patients aged =218 vyears from January 2019 to
December 2019 in an inpatient setting; b) patients who
received intravenous ceftriaxone at a dose of > 2 g/day
for > 2 consecutive days.

A retrospective analysis of hospitalized patients
aged >65 years who received ceftriaxone at Innoshima-
Ishikai Hospital between May 2022 and April 2025,
conducted by T. Tagashira et al. [30], revealed that in
patients aged 2 65 years, baseline ALT levels (> 11 U/L)
and CRP levels (= 5.9 mg/dL) were associated with
an increased risk of drug-induced liver injury during
ceftriaxone use. Therefore, careful monitoring of liver
function during and after ceftriaxone administration
was recommended in this patient group. The study
compared two groups: patients with and without

liver dysfunction. Liver dysfunction developed in 19

Tom 14, Beinyck 4, 2026

patients, accounting for 18.1% (19/105). In the liver
dysfunction group, ALT levels significantly increased
The
time to the onset of liver dysfunction was 8 days
([Q1-Q3] = 6.5-9.5 days). Furthermore, liver dysfunction
developed within 8 days in 58% of patients. No

after ceftriaxone  administration. median

significant differences were observed between the
groups in terms of age, sex, duration of ceftriaxone
ceftriaxone dose, or

administration, cumulative

concomitant medication use. The daily dose of
ceftriaxone was 2 g/day in 101 patients (96% of the
cohort). Significant differences were noted in ALT
(p = 0.001), AST (p = 0.046), and CRP (p = 0.009) levels
between the groups, while other laboratory parameters
did not differ significantly [30].

Cephalosporins can cause self-limiting
mixed / cholestatic hepatitis, occurring after a short
course of therapy with a latency period of up to 3
weeks.

From January 1, 2004, to November 2, 2022, a
total of 2347 cases of DILI were included in the DILIN
study, of which 1854 were classified as probable,
definite.

antigen (HLA) sequencing was performed, and its

highly probable, or Human leukocyte
association with the risk of DILI was studied. As a
result, 58 cases (3%) were associated with the use of
various cephalosporins, including cefazolin (n = 40),
cephalexin (n = 4), ceftriaxone (n = 3), cefdinir (n = 3),
cefuroxime (n = 3), and five other individual drugs.
Clinical manifestations included a self-limiting course
with a mixed or cholestatic biochemical pattern
without signs of hypersensitivity, occurring within
1-4 weeks. In the overall cohort, HLA-A*02:01 was
increased risk of
(OR: ~2.5-2.7,

p < 0.0001). The strongest association was observed

significantly associated with an

cephalosporin-induced liver injury
with cefazolin, where the carriage rate was 85%
compared to 38% in individuals with DILI caused by
other drugs [15].
Results of a retrospective case-control study
involving 185 children showed that the occurrence
(PL)

associated with ceftriaxone dosage.

of pseudocholelithiasis was not significantly
Furthermore,
the rate of metabolism and excretion of ceftriaxone
may play a key role in the development of PL. Serum
analysis revealed distinct markers of liver and kidney
function

in the PL group, including lower levels
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of total bile acids (PL(+)=1.8 (0.85-3.79) umol/L
vs. PL(-)=3.9 (2.18-7.00) umol/L, p=0.000),
adenosine deaminase (PL(+) =14 (12-21) U/L
vs. PL(-)=19 (15-27) U/L, p=0.003), and lactate
dehydrogenase (PL(+) = 195 (180.5-268) u/L
vs. PL(-) =256 (207-313) U/L, p = 0.003), as well as
higher creatinine levels (PL(+) = 57 (51.85-66.3) umol/L
vs. PL(-) =50.7 (39-62), p = 0.021) [31].

According to the VigiAccess resource’, ceftriaxone
caused hepatobiliary system disorders, accounting for
1% of all AEs, with 4,596 cases reported, including:
cholelithiasis—953 reports, cholestasis—360 reports,
reports,
hepatitis—160 reports, cholecystitis—146 reports, bile

pseudocholelithiasis—219 cholestatic

duct stones—57 reports, cholestatic liver injury—56

reports, acute cholecystitis—51 reports, biliary
colic—47 reports, cholangitis—39 reports, biliary
obstruction—10 reports.

Amoxicillin, both as monotherapy and in

combination with the B-lactamase inhibitor clavulanic
acid, is the most widely prescribed penicillin in Europe
and many other countries [32, 33].

Amoxicillin is prescribed for infectious processes
caused by microorganisms that do not produce
B-lactamases. In clinical practice, the drug is used to
treat respiratory tract diseases (upper and lower),
urinary tract infections, Helicobacter pylori eradication,
and bacterial infections of the skin and soft tissues.

Amoxicillin and amoxicillin / clavulanic acid are
generally considered well-tolerated medicines with
an established safety profile based on widespread
global clinical use. However, amoxicillin / clavulanic
acid combination should be prescribed with caution
to patients with hepatic dysfunction and
recommended for patients with a history of cholestatic

is not

jaundice / hepatic dysfunction [32].

ARs of the hepatobiliary system are an important
issue in drug safety and pharmacovigilance, as they are
a major cause of acute liver failure. Amoxicillin, both as
monotherapy and in combination with clavulanic acid,
has previously been described as a hepatotoxic agent in
pediatrics [32].

In two previous population studies conducted in
adult patients with DILI, the authors indicated that the
amoxicillin / clavulanic acid combination demonstrates
a higher risk of acute liver injury compared to the use
of amoxicillin alone [34, 35].

7 VigiAccess. WHO global database of individual case safety reports.
Available from: https://www.vigiaccess.org/ (accessed 10.06.2026).
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The odds (OR) for
“Hepatobiliary Disorders” for the combination drug

ratio reports of serious
amoxicillin / clavulanic acid compared to amoxicillin in
the European Economic Area and the United Kingdom
from 2020-2024 was 2.78 (95% Cl 2.41-3.24) [32].

The hepatotoxic effect of amoxicillin is not a direct
pharmacological effect but primarily an immunoallergic
[32]. This
leads to damage that is more often cholestatic or less

one immune-mediated hypersensitivity
commonly hepatocellular.

Polymorphism of HLA class | and Il genes is
considered a risk factor for the development of
amoxicillin / clavulanate-induced liver injury, confirming
the key role of the adaptive immune response in the
pathogenesis of this complication [32].

A retrospective study analyzing AE reports in the
global pharmacovigilance database VigiBase, registered
in Switzerland from 2010 to 2020, showed that the
amoxicillin / clavulanic acid combination was one of the
most frequently suspected drugs in the development of
severe drug-induced liver dysfunction (134—mention
frequency of amoxicillin / clavulanic acid; 3.1%—of
drugs; 6.6%—of individual AE reports). A total of 2042
individual AE reports were analyzed, including 10,646
drugs and 6,436 AEs.

Analysis using EudraVigilance data confirmed
that the combination of amoxicillin and clavulanic
acid is less safe than amoxicillin monotherapy, as
the comparison of warnings about “hepatobiliary
disorders” with the combination showed (OR = 2.78,
95% Cl: 2.41-3.24) a stronger association between liver
diseases and the use of amoxicillin and clavulanic acid-
based drugs [32].

Data

disproportionately

from a retrospective analysis of
FAERS data for the
period January 2010 to December 2023 showed
that exhibited the
most pronounced hepatotoxicity (OR=4.56, 95%
Cl 4.12-5.03). The types of hepatotoxicity varied

depending on the drug: cholestatic hepatitis was most

using

amoxicillin / clavulanic  acid

common with amoxicillin / clavulanic acid [36].
Collectively, the available data suggest that elderly
and senile patients exhibit increased vulnerability to
DILI, largely attributed to age-associated decreases
in hepatic blood flow, as well as changes in enzyme
system activity and the clearance of drugs metabolized
by the liver®. From a clinical-practical standpoint, age

8 Clinical Guidelines. Medicinal liver damage; 2025. Available from:
https://cr.minzdrav.gov.ru/view-cr/747_2. Russian
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is a significant risk factor influencing the likelihood
of developing drug-induced liver injury, as well as its
type and phenotypic manifestation. Elderly patients
predominantly experience cholestatic forms of DILI,
along with a higher frequency of chronic progression
compared to younger and middle-aged individuals.

Publications have described cases of DILI in elderly
patients receiving ceftriaxone therapy [37, 38].

Direct randomized clinical trials specifically
comparing cefodizime and ceftriaxone regarding
the risk of biliary sludge / pseudolithiasis and

hepatotoxicity in the PubMed database were not
found; the available data only allow for indirect
clinical

comparison of safety profiles based on

studies and review articles on cefodizime and
ceftriaxone. Nevertheless, the totality of clinical and
pharmacoepidemiological data indicates a higher risk of
ceftriaxone-associated biliary complications and drug-
induced liver injury compared to cefodizime, for which
the hepato- and biliary safety profile appears more

favorable.

Safety Profile of Cefodizime, Ceftriaxone,

and Amoxicillin / Clavulanic Acid in Patients

with Diseases of the Urinary System

A number of drugs can induce the development
of nephrolithiasis and crystalline nephropathy; drug-
induced stones account for 1% to 2% of all cases of
urolithiasis [39].

Ceftriaxone is a
with  high urinary
crystallization [39, 40].

T. Kimata et al. [41] conducted a case-control study

soluble
which

poorly drug

excretion, promotes

involving 83 children with bacterial pneumonia aged
3 months to 8.9 years. The children were divided into
two groups: 43 children receiving ceftriaxone (Group
A) and 40 children receiving amoxicillin (Group B).
Paired serum and urine samples were collected from
patients in each group before and after treatment. No
significant differences in demographic characteristics
or blood biochemical parameters were found between
the groups. However, the mean urinary calcium to
creatinine ratio (uCa / Cr, mg/mg) was significantly
higher in Group A patients than in Group B patients
(0.19vs. 0.09, p<0.001),
analysis of paired urine samples showed that uCa / Cr

after treatment and

significantly increased after treatment only in Group A
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patients (p < 0.001). A weak, statistically insignificant
correlation was found between ceftriaxone dose and
uCa/Cr in Group A (p = 0.10, r = 0.24). The obtained
results demonstrate that ceftriaxone can potentially
significantly increase urinary calcium excretion, which,
in turn, may be associated with ceftriaxone-associated
urolithiasis or precipitate formation [41].

It should also be noted that transient hypercalciuria
and increased excretion of oxalic and uric acids have
been identified [42]; however, studies exist that confirm
crystal formation with normal urinary calcium levels or
other salts [43].

A. Louta et al. conducted a systematic review [39]
that included 33 studies. Of these, 12 were case
reports, 11 were prospective studies, 9 were
retrospective studies, and only 1 was a randomized
controlled trial. The systematic review aimed to analyze
the known effects of ceftriaxone use in hospitalized
pediatric patients, including an assessment of the
likelihood of precipitate and stone formation in the
biliary and urinary tracts, as well as an examination of
the link with maternal history during pregnancy. The
study results were analyzed to understand side effects
and identify any predisposing factors.

According to the obtained results, the formation
of urinary crystals after ceftriaxone administration is
influenced by various risk factors, such as urinary stasis,
family history, metabolic disorders (e.g., hypercalciuria),
changes in urine pH, infection, environmental factors
(e.g., high temperature), low urine output, high drug
dosage, prolonged treatment, high urinary drug
excretion, and concomitant therapy. The most common
manifestation was kidney stone formation [43].

Although litholysis occurred early (by the end of
the first week), cases of stone dissolution were noted to
occur after 7 months [43].

The results of a systematic review and meta-
analysis of 8 clinical studies (n = 760), which provided
a pooled estimate of the incidence of ceftriaxone-
showed that the

urolithiasis

induced urolithiasis in children,
incidence of ceftriaxone-induced
7% (95% ClI 2-12%), with

observed due to study design

was
significant  variability
and diagnostic
approach [25].

According to the VigiAccesse Database®, 2424
ARs related to kidney and urinary tract disorders

° VigiAccess. WHO global database of individual case safety reports.
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have been reported with ceftriaxone use, accounting
for 1% of all reported ARs. The structure of ARs
related to kidney and urinary tract disorders includes:
nephrolithiasis—129 reports, crystalluria—31 reports,
ureterolithiasis—24 reports, urinary stone—18 reports,
bladder stone—13
reports, crystalline nephropathy—4 reports, urinary

reports, ureteral obstruction—6
tract obstruction—4 reports, urethral stone—2 reports,
urethral obstruction—2 reports, bladder obstruction—1
report.

Summary information on patients with urological
pathology who have transurethral or ureteral catheters
is presented in Table 2.

Ceftriaxone therapy can induce precipitation
of the drug’s calcium salts in the urinary tract.
This
the pediatric population when high daily dosages

phenomenon is predominantly observed in
(> 80 mg/kg) or cumulative doses exceeding 10
g are administered, especially in the presence of
dehydration and immobilization. Microlithogenesis can
be subclinical or manifest as ureteral obstruction with
subsequent development of postrenal acute kidney
injury. The phenomenon is fully reversible: crystal
excretion and restoration of urodynamics occur after
discontinuation of the antibiotic?®.

Drug Interactions with Anticoagulants

Warfarin is the most widely used oral anticoagulant
worldwide [44]. It is a vitamin K antagonist with a
narrow therapeutic range, influenced by genetic
polymorphism, drug interactions, and diet. Indications
for the use of vitamin K antagonists include the
[45]: fibrillation,

syndrome, heart failure, prosthetic heart valve, stroke,

following atrial acute coronary
venous thromboembolism (VTE), pulmonary embolism,
antiphospholipid syndrome.

Atrial fibrillation (AF) is the most common type
of arrhythmia in adults, affecting approximately 59.7
million people worldwide as of 2019, an 111% increase
since 1990 [46].

Over the past 20 years, the prevalence of AF has
increased by 33%, and it is projected to increase by
more than 60% by 2050. Age plays a crucial role in the
factors contributing to AF development. Its prevalence
is low (0.1%) in adults younger than 55 years, but
increases to 5.9% in individuals aged 65 years and

° Global hepatitis report 2026. Geneva: World Health Organization;
2026.
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older and to 9.0% in individuals aged 80 years and
older [46].

AF is associated with an increased risk of stroke,
so patients with AF are recommended to take oral
anticoagulants (OACs) to reduce this risk [47].

The global prevalence and use of OACs increased
from 42% in 2010 to 78% in 2018, respectively.
Following the introduction of direct oral anticoagulants
(DOACs), the proportion of OAC users worldwide
nearly doubled [48]. Given the high prevalence of
OAC use, it is important to assess the presence of
clinically significant interactions between OACs and the
antibacterial drugs being studied.

Numerous studies have convincingly confirmed
an increased risk of serious bleeding in patients
concurrently receiving antibiotics and warfarin [44,
49-51].
acid, despite not affecting the cytochrome P450 system,

Cephalosporins and amoxicillin / clavulanic

have shown a positive correlation with increased INR
values.
However, one of the common complications
associated with warfarin therapy is an increased risk
of serious bleeding, especially when used concurrently
with drugs that can affect its metabolism [44].
Specifically,  antibiotics can influence the
anticoagulant effect of warfarin through various
Antibacterial drugs can
inhibit the activity of the CYP2C9 isoenzyme, which is

crucial for warfarin metabolism. Furthermore, some

mechanisms. induce or

antibiotics can disrupt the population of vitamin
K-producing bacteria in the gut, further modulating
As a
these drug interactions can either enhance or weaken

warfarin’s pharmacological response. result,
warfarin’s efficacy, which can have potential clinical
consequences [44].

in the

literature of the simultaneous use of amoxicillin

Numerous cases have been described

or amoxicillin / clavulanic  acid and  warfarin,
demonstrating an increase in the international
normalized ratio (INR) and/or bleeding from

7 days after the start of amoxicillin to 9 days after
discontinuation of amoxicillin therapy [44, 52, 53].

A prospective cross-sectional observational study
conducted by M.l. Abdel-Aziz et al. [49] involving
120 patients investigated the effect of polypharmacy
and high doses of amoxicillin / clavulanate on the
intensity of the anticoagulant effect of warfarin in
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hospitalized patients. Potentially interacting drugs were
classified according to their propensity to increase
INR or bleeding risk. In 87.5% of patients receiving
high doses of amoxicillin / clavulanic acid (10-12 g
per day), INR values reached > 4, compared to 28.9%
of patients receiving standard doses (up to 3.6 g per
day) during hospitalization (p < 0.001). An increase in
the number of potentially interacting drugs known to
increase INR was a significant predictor of INR values
>4 (OR = 2.5; 95% Cl 1.3—4.7), and an increase in the
number of potentially interacting drugs that increase
bleeding risk was a significant predictor of bleeding
episodes (OR = 3.1; 95% Cl 1.3-7.3). This is likely due
to the fact that most penicillins (with the exception of
nafcillin and dicloxacillin) suppress intestinal microflora.
This leads to a decrease in the population of vitamin
K-producing bacteria, a deficiency of the latter, and
consequently, an enhanced anticoagulant effect of
warfarin [54].

of
producing vitamin K likely leads to a decrease in the

A smaller number intestinal  bacteria

amount of vitamin K-dependent plasma clotting

factors, enhancing the anticoagulant effect of
warfarin [44].

Cephalosporins have been found to interact with
warfarin, increasing the risk of hypoprothrombinemia,
inhibiting P-glycoprotein, and altering gastrointestinal
microflora [44].

A clinical case of hemarthrosis in an 85-year-
old female patient with phlegmon during therapy
with cephalosporin (ceftaroline) and warfarin, due
to developed hypoprothrombinemia, has been
described [55].

The mechanism of interaction between ceftriaxone
and warfarin is currently not well understood. However,
it is known that antibiotics can disrupt normal
intestinal flora, which produces a significant amount
of vitamin K. A small study in healthy volunteers
showed that intestinal bacteria produce approximately
1.6 mg of menaquinones (bacterially synthesized

vitamin K) [56].

Table 1 — Frequency of adverse reactions associated
with impaired liver, biliary tract,
and pancreatic function with the use of

amoxicillin / clavulanic acid, ceftriaxone, cefodizime

. Amoxicillin / clavulanic
Adverse Reaction

Ceftriaxone®?

Cefodizime?®

acid*
ALP uncommon common Rare
ALT uncommon common rare
AST uncommon common rare
Hepatitis very rare not identified not identified
Cholestatic jaundice very rare not identified not identified

The use of ceftriaxone is associated with rare episodes
of pancreatitis, the pathogenesis of which may be

due to the phenomenon of biliary pseudolithiasis
obstruction. Although the initial patient cohort was

Pancreatitis Frequency unknown

characterized by high comorbidity and the presence
of pre-existing risk factors for cholestasis (including

not identified

parenteral nutrition), the trigger role of precipitates,
consisting of calcium-ceftriaxone conglomerates, in
the lumen of the bile ducts cannot be completely

excluded.

Note: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

1 Register of OHLP and LV of the EAEU. Amoxicillin+[Clavulanic acid] powder for solution preparation for intravenous administration, 500
mg+100 mg, 1000 mg+200 mg (vials), LP-No.(002949)-(RG-RU) dated Aug 07, 2023. Available from: https://Ik.regmed.ru/Register/EAEU_SmPC

12 Register of OHLP and LV of the EAEU. Ceftriaxone powder for solution preparation for intravenous and intramuscular administration, 1.0 g
(vials) LP-N0.(005496)-(RG-RU) dated May 17, 2024. Available from:: https://lk.regmed.ru/Register/EAEU_SmPC

13 Register of OHLP and LV of the EAEU. Mizida-AG (Cefodizim) powder for solution preparation for intravenous and intramuscular
administration, 2000 mg, LP-No.(010400)-(RG-RU) dated June 02, 2025. Available from: https://lk.regmed.ru/Register/EAEU_SmPC
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Table 2 — Patients with urological pathology having transurethral or ureteral catheters

Pathology Amoxicillin / clavulanic acid Ceftriaxone Cefodizime
Hematuria very rare rare not identified
Glucosuria not identified rare not identified

In individuals with impaired renal excretion, the

Precipitates

. . formation of crystals and the development of
in the urinary

obstructive uropathy are observed extremely

The accumulation of crystalline not identified
conglomerates in the lumen of the urinary

tract can initiate their obturation with

tract . . . subsequent development of postrenal acute
rarely, including acute renal failure. .
renal failure.
Table 3 — Drug interactions of cefodizime, ceftriaxone, and amoxicillin / clavulanic acid
with oral anticoagulants (vitamin K antagonists)

Interaction Amoxicillin / clavulanic acid Ceftriaxone Cefodizime
Leukopenia rare common frequency unknown
Thrombocytopenia rare common frequency unknown

In patients receiving a combination of amoxicillin

with clavulanic acid along with indirect
Coagulopathy uncommon frequency unknown

anticoagulants, an increase in prothrombin time

(increase in INR) has been reported in rare cases.

Rare cases of increased International Normalized
Ratio (INR) have been described in the literature
in patients when acenocoumarol or warfarin was

Interaction with
anticoagulants
(vitamin K
antagonists)

used concurrently with amoxicillin.

parameters is necessary, and a dose adjustment of

anticoagulants may be required.

When indirect (oral) anticoagulants are prescribed
concurrently with a combination of amoxicillin
and clavulanic acid, monitoring of relevant

The risk of bleeding increases

when vitamin K antagonists

are used during ceftriaxone

therapy.

Blood coagulation parameters not described
should be constantly

monitored, and the dose of

vitamin K antagonists should

be adjusted if necessary.

Note: INR, International Normalized Ratio.

Ceftriaxone is excreted in bile by approximately
33-67%, forming relatively high concentrations in the
intestine!®. This pharmacokinetic characteristic allows
ceftriaxone to disrupt normal intestinal flora to a
greater extent than other antibiotics primarily excreted
by the kidneys, thereby causing a greater reduction in
vitamin K synthesis.

L.M.

et al. [56], the increase in INR from baseline was

In a retrospective study by Saum

compared in patients (n = 120) receiving long-term
warfarin therapy and diagnosed with urinary tract
treated with ceftriaxone,

infections, who were

a first-generation  cephalosporin  (cefazolin  or
cephalexin), or a penicillin (ampicillin / sulbactam,
amoxicillin / clavulanic acid, piperacillin/tazobactam). It
was found that the ceftriaxone group (n = 27) showed
a statistically significantly higher peak INR compared

to all other antibiotics studied (ceftriaxone—3.56, first-

14 Register of OHLP and LV of the EAEU. Ceftriaxone powder
for solution preparation for intravenous and intramuscular
administration, 1.0 g (vials) LP-No.(005496)-(RG-RU) dated May 17,
2024.
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generation cephalosporins—2.66, penicillins—2.98,
ciprofloxacin—2.3; p = 0.004), as well as a statistically
significantly greater degree of INR change (+1.19, +0.66,
+0.8, +0.275; p = 0.006), and a statistically significantly
greater percentage change in INR compared to
ciprofloxacin (54.4% vs. 12.7%; p = 0.037) [56].
Ceftriaxone interacts with warfarin, increasing
the

prescribed antibiotics for the treatment of urinary tract

INR in patients more than other commonly

infections.

A summary of drug interactions between
cefodizime, ceftriaxone, and amoxicillin / clavulanic
acid with oral anticoagulants (vitamin K antagonists) is
presented in Table 3.

A study conducted at Tikur Anbessa Hospital [57]
found a moderate drug interaction between ceftriaxone
and heparin (22.6%) and warfarin (6.7%). Bleeding or
elevated INR was observed in 6 patients (1.9%), with
one patient dying from bleeding.
results obtained in another

Similar were

retrospective study conducted in hospitals in Eastern
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Ethiopia [58], which analyzed the medical records
of 271 patients. A total of 71 drugs were prescribed
most commonly

concurrently with ceftriaxone,

metronidazole and tramadol. Ceftriaxone was
most frequently used for postoperative prophylaxis
(n = 80, 27.5%) and for the treatment of pneumonia
(n = 62, 21.3%). Moderate drug interactions between
ceftriaxone and unfractionated heparin (n = 6), warfarin
(n = 5), and enoxaparin (n = 1) were found among

concurrently prescribed drugs.

Review Limitations

The work performed has several important
limitations that may affect the interpretation and
generalization of the results.

Limitation of Design and Methodology. The authors
conducted a non-systematic review, which is a major
limitation of this study. Although the database we used
is the most widely used in medicine, it does not fully
cover all available information.

A significant number of studies were
retrospective and had small patient samples. Large
pharmacoepidemiological studies evaluating the long-
term safety of cefodizime are lacking, and we also
did not find studies that directly compared the safety

profiles of the drugs studied.

CONCLUSION
It has that

and amoxicillin / clavulanic acid are

been established cefodizime,
ceftriaxone,
effective antibacterial drugs for the treatment of
with

However, their safety profiles differ and should be

infections in patients comorbid pathology.
considered when choosing therapy in high-risk patients.

Cefodizime demonstrated a favorable
tolerability profile: no signals of hepatotoxicity or
nephrotoxicity were noted in available clinical data,
and no clinically significant drug interactions with oral
identified,
and amoxicillin / clavulanic acid. These features make

anticoagulants were unlike ceftriaxone
cefodizime a potentially preferred option in comorbid
patients receiving anticoagulant therapy and/or having
risk factors for VTE and kidney disease.

However, the volume of available clinical studies
on cefodizime remains limited, which does not allow
for a definitive determination of its place in the
therapy of comorbid patients compared to the more
studied ceftriaxone and amoxicillin / clavulanic acid.
Further prospective randomized and observational
studies, including patients with polymorbidity and
polypharmacy, are needed for a more detailed
assessment of the safety profile and confirmation of

the obtained results.
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