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KEYWORDS Abstract Pharmacological hypernatremia is a common electrolyte disorder observed in hos-
Hypernatremia; pital settings. However, its association with antimicrobial agents remains under investigation.
Ampicillin/sulbactam; To the best of our knowledge, there are no documented cases of hypernatremia resulting from
Sodium; the use of ampicillin/sulbactam. We present the case of a 58-year-old male who developed
Acinetobacter this electrolyte imbalance during hospitalization, which was refractory to conventional mana-
baumannii gement. The patient only exhibited significant clinical improvement upon modification and

discontinuation of the antibiotic, thereby suggesting an unusual etiology for hypernatremia.
© 2023 Asociacion Colombiana de Medicina Critica y Cuidado Intensivo. Published by Elsevier
Espana, S.L.U. All rights reserved.

PALABRAS CLAVE El enigma de la hipernatremia: ampicilina/sulbactam como causa inesperada. Un
Hipernatremia; informe de caso

Ampicilina/sulbactam;

Sodio; Resumen La hipernatremia farmacoldgica es un trastorno electrolitico comin en entornos
Acinetobacter hospitalarios. Sin embargo, su asociacién con agentes antimicrobianos sigue siendo investigada
baumannii de manera insuficiente. Hasta donde llega nuestro conocimiento, no hay casos documenta-

dos de esta entidad resultante del uso de ampicilina/sulbactam. Presentamos el caso de un
hombre de 58 afnos que desarroll6 este desequilibrio electrolitico durante su hospitalizacion, el
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cual fue refractario al manejo convencional. El paciente solo mostré una mejora clinica signi-
ficativa al modificar y suspender el antibiotico, lo que sugiere una etiologia inusual para este

padecimiento.

© 2023 Asociacion Colombiana de Medicina Critica y Cuidado Intensivo. Publicado por Elsevier
Espafa, S.L.U. Todos los derechos reservados.

Background

Hypernatremia, a hydroelectrolytic disorder characterized
by a serum sodium concentration greater than 145mEq/L,
exhibits variable prevalence. Thus, while in emergencies, it
ranges between 0.2% and 1%, in hospitalized patients, it fluc-
tuates between 0.5% and 5.0%, and in critically ill patients,
it can be up to ten times higher, from 2% to 6%. However,
in the intensive care unit (ICU), it can reach up to 10%."
Hypernatremia is associated with a 40% increase in the risk
of mortality and a 28% increase in the duration of ICU stay.?

Evidence identifies water loss as the leading cause of
hypernatremia. It can be secondary to sodium gain in the
hospital setting by using 0.9% isotonic saline solution.?
In 1968, Brunner and Frick reported the first case of
pharmacological hypernatremia associated with excessive
administration of sodium penicillin.> A systematic review
documented that cefuroxime, cephalothin, and ticar-
cillin/clavulanate are the antimicrobials most likely to cause
electrolytic disorders or acid-base alterations.* According
to the guidelines of the Infectious Diseases Society of Amer-
ica (IDSA), ampicillin-sulbactam, at a dose of 27 grams, is
recommended as the first-line treatment for septic shock
caused by Acinetobacter baumannii.® Despite evidence-
based recommendations for these doses, no reports link
their use with hypernatremia.®

We present below the case of a patient with hyperna-
tremia associated with using ampicillin/sulbactam. Given
the rarity of the presentation, we detail the diagnostic
and therapeutic approach undertaken as an alert and guide
about this possible association. We obtained adequately
completed informed consent.

Clinical case

A 58-year-old male patient was admitted due to sta-
tus epilepticus. He was diagnosed with a hypertensive
emergency with target organ damage to the brain due
to a left frontotemporal-basal intraparenchymal hemor-
rhage. The patient was intubated, and anticonvulsant
treatment with valproic acid was initiated. The patient
developed septic shock of pulmonary origin caused by severe
pneumonia throughout his clinical course. AmpC beta-
lactamase-producing A. baumannii was isolated in blood
cultures. After being evaluated by the infectious disease
team, treatment with ampicillin/sulbactam at a dose of 27 g
per day was initiated.

During the first 24 h after starting the antimicrobial treat-
ment, the patient showed a progressive increase in natremia

to a maximum value of 163.1 mEq/L. Physical examination
indicated that the patient was euvolemic. Measurement
of urinary osmolality revealed an increase associated with
acute kidney injury classified as KDIGO 3. The daily mon-
itoring of water balances reports a positive accumulated
balance before, during, and after dysnatremia. Insensi-
ble losses were not quantified since they are not part of
routine monitoring in the ICU. The evidence is scarce regard-
ing the use of insensible losses as an isolated cause of
hypernatremia'; however, it is feasible to consider that
insensible losses are an essential parameter in the eval-
uation of electrolytes in hospital patients, which is why
we will leave it as part of the limitations of the present
study together with the serum osmolarity which could not
be obtained either. During hospitalization, the patient did
not receive HCO3 infusions, diuretics, or parenteral nutri-
tion. No gastrointestinal alterations were documented, but
fever with a maximum temperature of 38.9 °C was reported;
however, it began on day 10 of the stay, not coinciding
with the onset of hypernatremia but, on the contrary, main-
taining adequate levels despite the fever. The evolution
over time of glucometers was appropriate for the context
of a critically ill patient, with isolated measurements on
three occasions outside the general safety parameters, tak-
ing values between 110 mg/dl and 180 mg/dl as a reference,
presenting on day five a minimum of 87 mg/dl and day 21
a maximum of 206 mg/dl. However, these isolated values
near the control point would not be the etiological cause
of such marked dysnatremia. As described previously, the
reason for the patient’s admission was status epilepticus;
for this reason, it was necessary to secure the airway from
day 0, maintaining adequate sodium values until day 19. Sev-
eral studies have associated hypernatremia with mechanical
ventilation since this can compromise the capacity for ade-
quate water intake due to the ventilatory device, sedation,
and/or alteration of the neurological status; however, stud-
ies show that this occurs between days 7 and 9 of mechanic
ventilation.” Considering the wide time window between the
start of invasive mechanical ventilation and hypernatremia,
it is not believed to cause electrolyte alteration. There are
also sodium alterations secondary to intracerebral bleed-
ing. It is crucial to remember that it is more common to
find a salt-losing brain, to a lesser extent, hypernatremia.
The presence of intracerebral hematoma, cerebral edema,
or vasospasm could lead to the destruction of the hypotha-
lamic nuclei, with the consequent reduction of antidiuretic
hormone secretion and the development of hypernatremia;
however, in this case, this patient had a normal urinary den-
sity (1.025), normal random urinary sodium (40 mmol) and
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a normal diuresis before the sodium imbalance, presenting
a peak of maximum urinary excretion of 1.56 cc/kg/h on
the 5th day of hypernatremia, normalizing on the 8th day
of imbalance with a urine output of 0.87 cc/kg/h. Finally,
hypernatremia related to cerebral hemorrhage generally
occurs early and not as late as in this case. No other associ-
ated factors were identified.

To correct hypernatremia, we calculated the water
deficit using the formula proposed by Adrogué-Madias,’
and water replacement was initiated orally, but it did not
decrease sodium levels. Consequently, it was decided to split
the calculated deficit, indicating half of the input through
free water and the remaining with 5% dextrose. However,
sodium levels continued to rise. After correctly calculat-
ing the correction for hypernatremia and not achieving its
reduction, the calculation suggested by Yun et al." was
applied to correct chronic hypernatremia, which involves
administering 5% dextrose at 1.35ml/kg/h. Nevertheless,
we did not achieve the expected reduction in natremia.

A medical board was convened with the participation of
the Internal Medicine, Critical Care, and Infectious Diseases
services. The committee considered the possibility of a tem-
poral association between initiating antibiotic treatment
and developing hypernatremia. Based on this hypothesis, the
dose of ampicillin/sulbactam was reduced to 12g per day
for the remainder of the 10-day treatment. Sodium levels
decreased 24 h after this dose modification and normalized
within 96 h (see Fig. 1).

Subsequently, there were no new episodes of hyperna-
tremia or other electrolytic disorders, and 28 days later, the
patient was transferred to a chronic care center.

Discussion

Since hypernatremia reflects a water balance disorder, its
presence should trigger a diagnostic approach to define
the appropriate treatment. For this, conducting a com-
plete clinical history and physical examination is essential,
emphasizing identifying predisposing factors and sources of
water loss. Hypernatremia in the ICU is an electrolytic dis-
order that occurs in 4-26% of patients and is caused by the
infusion of large amounts of isotonic fluids, high insensible
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losses, and inability to respond to thirst or the adminis-
tration of intravenous medication. It is associated with an
increased ICU stay and is configured as an independent pre-
dictor of mortality, even with relatively low levels.?

In our case, the patient had started treatment with
ampicillin/sulbactam 24h before the onset of hyperna-
tremia. The doses were recommended according to the IDSA
guidelines to treat cases of A. baumannii bacteremia in
hemodynamically unstable patients.® Despite starting the
appropriate treatment, hypernatremia was not corrected.
The sodium content of a 1.5-g vial of ampicillin/sulbactam is
approximately 115mg (5 mEq). Considering that the patient
received 27 g of this antibiotic daily, the total daily admin-
istered sodium amounted to 2070 mg (90 mEq).*

The literature does not describe cases of hypernatremia
associated with ampicillin/sulbactam. This lack of evidence
may be due to underdiagnosis and the fact that the doses
recommended for most infections are lower than those indi-
cated for treating A. baumannii bacteremia. The correlation
between the start of treatment, the development of hyper-
natremia, and the subsequent normalization of sodium upon
reducing the dose leads us to postulate this association.
This case report will help healthcare professionals consider
that, depending on the amounts used and the clinical con-
text, and after ruling out secondary causes, this antibiotic
could generate hypernatremia and establish appropriate
treatment.

Within the limitations of this case report, we could not
assess the patient’s perspective, as he had a severe neu-
rological deficit generated by the initial cerebral event.
Therefore, it was impossible to establish neurological
alterations that could have been derived from the hyper-
natremia, nor was it possible to evaluate the clinical and
paraclinical improvements that could be generated from the
correction of the disorder.

Ethics committee approval

The authors declare that before initiating this project, it
was subjected to rigorous evaluation by the local hospital’s
Ethics Committee.
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Sensitive data and identifying information were removed 4
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