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Low serum sodium concentration is not an uncommon frequent electrolyte disorder in the
elderly population because of multiple risk factors contributing to increased antidiuretic
hormone, the frequent prescription of drugs associated with hyponatremia, and also
because of other mechanisms, such as the “tea and toast” syndrome. Herein, we focus on
antibiotics’ rare contribution to hyponatremia in elderly. Hyponatremia in elderly subjects
is mainly induced by medications (more frequently thiazides and antidepressants), the
syndrome of inappropriate antidiuretic hormone secretion (SIAD) or endocrinopathies;
however, hyponatremia is multifactorial in a significant proportion of patients. Special
attention is needed in the elderly population to exclude endocrinopathies as a cause of
hyponatremia before establishing the diagnosis of SIAD, which then requires a stepped
diagnostic approach to reveal its underlying cause. The treatment of hyponatremia depends
on the type of hyponatremia and special attention is also needed to correct serum sodium
levels at the appropriate rate, especially in chronic hyponatremia, in order to avoid the
osmotic demyelination syndrome. In conclusion, both the evaluation and the treatment of
hyponatremia constitute many challenges in the elderly population.
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Introduction

Co-trimoxazole

Nitrofurantoin

Co-trimoxazole is a combination (5:1) of Trimethoprim and
sulfamethoxazole. This combination has synergistic bactericidal
effect by inhibition of bacterial biosynthesis of nucleic acids and
proteins necessary for their survival through inhibition of the
production of titrahydrofolic acid by trimethoprim and synthesis
of the dihydrofolic acid by sulfamethoxazole. Its side effects are
mainly on the gastro-intestinal tract, various allergic reaction types
on the skin, on the blood and bone marrow suppression, and even
fulminant hepatitis has been described. Co-trimoxazole can induce
hyponatremia, but the mechanism is unknown. Trimethoprim is
similar in the biochemical structure to potassium sparing diuretics,
so it inhibits sodium reabsorption of sodium in exchange with
potassium at the distal tubule ending with hyponatremia associated
with hyperkalemia.6–8 A retrospective study was performed to identify
if electrolytes derangement related to co-trimoxazole dose or not.
Overall, electrolyte derangement was more prone with high doses, but
still present with low doses especially in those with low GFR.

Nitrofurantoin is effective on microorganisms in a very low
inhibitory concentration reaching 32 μg/ml or less. Ninety percent
reach circulation unchanged, and forty percent excreted in urine.
Its blood concentration reaches a peak after an oral dose of 100
mg, it has poor tissue penetration, and is rapidly metabolized by
the liver. However, its high concentration in urine only one quart
excreted unchanged in the urine. Based on data from experimental
studies, the urinary excretion is a mixture of glomerular filtration and
tubular secretion. In fact, high urine pH inhibits the overall tubular
re-absorption and maintain nitrofurantoin concentration in urine.1 In
addition, nitrofurantoin inhibitory activity increases dramatically when
pH rises above 6. Its bacteriostatic activity is against wide variety of
organisms at a low concentration reaching 32 ug/ml, it is bactericide in
a concentration above 100 ug/ml.2 E. coli rare to acquired resistance to
nitrofurantoin, it may be due to inhibition of nitrofurantoin reductase
either chromosomal or plasmid-mediated.3 It is not preferred to be
utilized in advanced chronic kidney disease starting from stage 3B
due to two facts: first, low sub-therapeutic concentration in urine, and
second, due to critical accumulation of metabolites in blood leading to
numerous side effects.4–5 Those severe side effects are more prone in
elderly patients. Thus, it is not recommended to give it for the elderly
population as per the American Geriatrics Society 2019 Updated Beers
Criteria for Potentially Inappropriate Medication Use in Older Adults.
Side effects can be serious in case of glutathione instability, so it is
contra-indicated in conditions with immature enzyme stability as in
3rd trimester pregnant women, infants up to one month, and patients
with glucose-6-phosphate dehydrogenase deficiency because of risk
of intravascular hemolysis resulting in anemia. In elderly patient, it
induced hyponatremia.
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Many reports of hyponatremia post co-trimoxazole been published,
one HIV patient suffered pneumocystis carinii received co-trimoxazole
20 mg/kg, four days later his serum sodium dropped from 137 to 121
mml/l once co-trimoxazole discontinued his sodium level normalized
in a couple of days.9 In another clinical scenario, a 75-year-old woman
with recurrent urinary tract infections, and a normal serum sodium of
136 mmol/L was found to have hyponatremia once she received cotrimoxazole combined with hydrochlorothiazide, and hyponatremia
recovers if she receives hydrochlorothiazide alone or co-trimoxazole
alone.10 The explanation referred to the dual block of the sodium
transporters by the combined action of the two medications on renal
tubules especially in elderly patients with expected impaired tubular
activity. It was reported that hyponatremia was induced by co-
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trimoxazole in a synergistic effect with anti-psychiatric medications.
Seventy-nine-year-old woman with previously normal serum sodium
149 mmol/l was admitted to hospital with serum sodium 119 mmol/l,
after receiving citalopram and co-trimoxazole prior to admission by
7 days.11 An eighty-six-year-old man suffered hyponatremia within
days from starting co-trimoxazole for urinary tract infection.12 In both
patients, there was a similar observed hyponatremia with the initiation
of co-trimoxazole and improvement after discontinuation of therapy,
especially in elderly patients with high scale of Naranjo ADRPS nine
out of thirteen.13

Fluoroquinolones
Ciprofloxacin
Ciprofloxacin has been reported to cause serious hyponatremia.
The hypothesized mechanism of action is due to ciprofloxacin crossing
the blood-brain barrier, resulting in stimulation of the γ-aminobutyric
acid and N-methyl-D-aspartate receptors, leading to more release of
antidiuretic hormone.14
Levofloxacin
There was two case reports of associated hyponatremia with
the use of levofloxacin. However, the evidence is not strong as
hyponatremia in such cases was multifactorial, and may be related to
nasopharyngeal cancer.15
Moxifloxacin
Is the fourth generation of the fluoroquinolones, prescribed for the
empirical coverage of pneumococcal and anaerobic infections.16 Its
main side effects include toxicity on the gastrointestinal and central
nervous system (CNS), less common, ECG changes, hypoglycemia,
transaminitis, phototoxicity, tendon and joint disorders, and
hypersensitivity reactions.17 CNS toxicities range from mild as
headache and nausea, to rare severe CNS toxicities as seizures in
patients who are susceptible to and have other risk factors for seizures.18
Rarely, fluoroquinolones was reported to have caused hyponatremia.
Two case reports of moxifloxacin to cause hyponatremia, the first case
report moxifloxacin use was combined with thiazide diuretics which
may be an added factor.19 The second case report of moxifloxacin
associated hyponatremia after its utilization in a COPD patient for
5 days.20
Linezolid
Oxazolidinone antibiotic against Gram-positive bacteria, however,
thrombocytopenia is a major adverse effect of linezolid; hyponatremia
is a common association after administration. In a retrospective
observational cohort study, higher frequency of hyponatremia (sodium
less than 134 meq/l) in the group of patients received linezolid and
potassium, sparing diuretics, compared to other groups (p=0.016).21 A
case of severe hyponatremia associated with linezolid induced SAIDH
was reported.22 These data suggest the importance of monitoring of
serum sodium during administration of linezolid.

Aminoglycosides
Gentamycin
It was found that gentamycin affects sodium chloride transport
in the thick ascending limb of the loop of Henle. It was found that
it increased urine flow, and excretion of sodium, potassium, and
chloride after intravenous injection. The glomerular filtration rate and
proximal tubule fluid reabsorption were not affected by gentamicin.
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In experimental invitro studies, the medullary thick ascending limb
was affected by intra-luminal, and not basolateral, administration
of gentamicin. These data suggest that hyponatremia induced by
gentamycin is a consequence of decreased transport in the thick
ascending limb of Henle’s loop.23

Beta lactam and beta lactamase containing antibiotics
Cefoperazone/sulbactam
Beta lactam antibiotics is by far one of the comments antibiotics
use in the practice of medicine, particularly the cephalosporin group.
Cefoperazone is a 3rd generation cephalosporin that has a wide gram
positive and negative coverage with a wide area of body distribution
along with the added benefit of Pseudomonas coverage. With the
addition of a Beta-lactamase inhibitor such as Sulbactam, the efficacy
Cefoperazone rises further. While there were almost no reported cases
of an isolated Cephalosporin agent that induced Hyponatremia, this
combined drug had a different picture.24 The mechanism described
behind this is believed to be related to an inappropriate antidiuretic
hormone (ADH) activity.

Macrolides
Azithromycin
With its powerful gram positive and atypical coverage,
Azithromycin is a macrolides antibiotic that is commonly used in
variety of situation including respiratory tract infections, sexually
transmitted disease, and sometimes in malaria infections. Similar to
various type of antibiotics inducing SIADH secretion, an incidence
of Azithromycin causing symptomatic hyponatremia was reported in
a case report back in the late 1990s.25 When the patient developed
disturbance in her mental status after taking 2 days of Azithromycin
therapy, only to be found to have a delusional hyponatremia compatible
with a picture of SIADH.

Rifabutin
Rifabutin is an RNA polymerase inhibiter that is used in
tuberculous and non-tuberculous Mycobacterium infection,
particularly when Rifampicin cannot be used either due to its side
effect, or due to interaction with other medications. A reported HIV
patient with mycobacterium infection was started on Rifabutin only
to be stopped soon after due to Leukopenia. After re-challenging the
patient with another trial of Rifabutin, another episode of leukopenia
occurred with new onset picture of delusional hyponatremia. After
only discontinuing Rifabutin and following the patient within a week,
his leukopenia and hyponatremia started to improve.26

Conclusion
Decreased serum sodium concentration is a rather common finding
in the elderly population because of the presence of factors contributing
to increased ADH and the frequent prescription of drugs associated
with hyponatremia, such as thiazides or antidepressants. Both the
evaluation and the treatment of hyponatremia pose many challenges
in the elderly population. Pay special attention when prescribing
antimicrobials to the elderly to avoid worsening their sodium level,
and to avoid catastrophic attacks of severe hyponatremia.
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