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Abstract

Cyclophosphamide has been previously observed to induce hypona-
tremia. The mechanism remains unclear. Cyclophosphamide may 
produce a syndrome of inappropriate anti-diuretic hormone-like 
phenomenon through impairment of the kidney’s ability to dilute 
urine. Whether cyclophosphamide or its metabolites have a direct ef-
fect on the kidney, a vasopressin-like effect on the kidney, or cause 
vasopressin release is unknown. A 29-year-old man with intracranial 
germinoma diagnosed at age 11 treated primarily with chemo-radi-
ation developed a recurrence 17 years later and was noted to have 
panhypopituitarism with resultant central diabetes insipidus. He was 
admitted for chemotherapy with cisplatin, cyclophosphamide and 
mesna. His admission serum sodium was normal, but he became hy-
ponatremic while undergoing chemotherapy with cyclophosphamide 
and mesna in conjunction with the initiation of intravenous hydra-
tion with 5% dextrose/0.45% normal saline despite withholding two 
doses of desmopressin (DDAVP). The sodium eventually normalized 
after administration of 20 mg intravenous furosemide. A similar epi-
sode occurred several weeks later, while again receiving cisplatin, 
cyclophosphamide and mesna chemotherapy. He again became hy-
ponatremic despite receiving isotonic saline fluids and withholding 
DDAVP during cyclophosphamide treatment. Serum sodium did 
not improve with three doses of 10 mg intravenous furosemide but 
improved instead with sodium chloride tablets. The mechanism of 
cyclophosphamide-induced hyponatremia remains unknown. Given 
that this patient’s central diabetes insipidus prevents him from se-
creting increased amounts of anti-diuretic hormone, hyponatremia is 
likely induced by a direct nephrogenic effect of cyclophosphamide or 
its metabolites.
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Introduction

It is well known that cyclophosphamide can result in hypona-
tremia. The mechanism, however, by which cyclophosphamide 
induces hyponatremia is yet to be fully elucidated. There is one 
prior case report that discusses the anti-diuretic effects of cy-
clophosphamide in an 8-year-old girl with established central 
diabetes insipidus [1]. Our case of a 29-year-old gentleman 
also with central diabetes insipidus and resultant cyclophos-
phamide-induced hyponatremia adds to the limited literature 
and suggests that cyclophosphamide or its metabolites must 
have a direct renal effect resulting in hyponatremia.

Case Report

A 29-year-old man with a history of intracranial germino-
ma diagnosed at age 11 was primarily treated with chemo-
radiation and subsequently developed a recurrence 17 years 
later. He developed panhypopituitarism with resulting central 
diabetes insipidus requiring desmopressin (DDAVP). He was 
admitted for chemotherapy with cisplatin, cyclophosphamide 
and mesna (Fig. 1). His admission serum sodium was 142 
mmol/L (normal range: 136 - 145). His serum sodium de-
clined slowly over the course of a few days to 135 mmol/L 
while receiving cisplatin and his home dose of DDAVP. A 
significant decline in serum sodium to 125 mmol/L occurred 
while undergoing chemotherapy with cyclophosphamide and 
mesna in conjunction with the initiation of intravenous hy-
dration with 5% dextrose/0.45% normal saline despite with-
holding two doses of DDAVP. There was an accompanying 
decline in serum osmolality (osm) from 282 to 264 MoM/kg 
(normal range: 275 - 295). Urine sodium was 102 mmol/L and 
urine osm was 308 MoM/kg (50 - 1,200) with a correspond-
ing serum sodium of 126 mmol/L, suggesting anti-aquaresis. 
With 20 mg intravenous furosemide, serum sodium improved 
to 137 mmol/L with an associated urine sodium of 43 mmol/L 
and urine osm of 132 MoM/kg. The serum sodium peaked at 
142 mmol/L. The hyponatremia occurred within 6 h after ad-
ministration of cyclophosphamide and lasted approximately 
35 h.

A similar episode occurred several weeks later, while 
again receiving cisplatin, cyclophosphamide and mesna chem-
otherapy (Fig. 2). The patient’s serum sodium declined from 
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141 mmol/L to a nadir of 122 mmol/L and serum osmolality 
declined from 288 to 258 MoM/kg, despite receiving intrave-
nous isotonic saline fluids and holding DDAVP after cyclo-
phosphamide was initiated. The hyponatremia occurred within 
6 h after receiving the cyclophosphamide. Urine osm was 654 
MoM/kg concurrent with a serum sodium of 130 mmol/L sug-
gesting anti-aquaresis. Subsequently in the hospital course, 
when the sodium reached a nadir of 122 mmol/L, the anti-

diuretic hormone level was undetectable. Serum sodium did 
not improve with three doses of 10 mg intravenous furosem-
ide but improved instead with sodium chloride tablets 4 g by 
mouth every 4 h to 134 mmol/L on discharge. The urine osm 
improved to 126 MoM/kg with a corresponding serum sodium 
increase to 132 mmol/L later in the hospital course during the 
upward trajectory of serum sodium. Hyponatremia resolved 
after approximately 55 h.

Figure 2. Sodium trend and relevant medication administration over the second hospital course. 

Figure 1. Sodium trend and relevant medication administration over the initial hospital course. 
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Discussion

Cyclophosphamide is an alkylating agent that has both anti-
neoplastic and immunosuppressive properties. It is postulat-
ed to induce hyponatremia by limiting the renal excretion of 
water [2]. The exact mechanism by which cyclophosphamide 
produces this anti-diuretic effect is still under investigation. 
Some putative mechanisms are that cyclophosphamide or its 
metabolites induce vasopressin release, or directly act on the 
renal collecting tubules, or that cyclophosphamide metabolites 
have a vasopressin-like effect on the kidney [2-4]. A post-mor-
tem exam in a patient with fatal, severe cyclophosphamide-
induced hyponatremia showed loss of Herring’s bodies and 
degranulation of hypothalamic neurosecretory organelles, sug-
gestive of syndrome of inappropriate anti-diuretic hormone 
(SIADH) [3, 5]. Some studies, including ours, however, have 
shown that plasma vasopressin levels are not elevated in pa-
tients who have received intravenous cyclophosphamide, thus 
suggesting more credibility to the theory that cyclophospha-
mide or its metabolites directly act on the kidney [2, 6]. In 
addition to our patient, it has previously been reported that an 
8-year-old girl with central diabetes insipidus developed cy-
clophosphamide-induced antidiuresis [1], which suggests that 
cyclophosphamide does not cause vasopressin release since 
these patients would be unable to increase vasopressin levels. 
The undetectable anti-diuretic hormone level in our patient 
during an episode of hyponatremia also validates this point.

Recently, pre-clinical rodent studies have investigated the 
mechanism of this water retention and have suggested that cy-
clophosphamide may induce a drug-induced nephrogenic syn-
drome of inappropriate diuresis (NSIAD) by activating the vas-
opressin receptor 2 and upregulating aquaporin-2 channels and 
Na-K-2Cl cotransporter type 2, resulting in decreased renal wa-
ter excretion [7]. Our patient, who is unable to secrete vasopres-
sin and yet experienced significant cyclophosphamide-induced 
hyponatremia, supports this mechanism of an NSIAD that does 
not require vasopressin to induce the electrolyte derangement.

Studies have shown that cyclophosphamide-induced hy-
ponatremia frequently occurs 4 to 12 h after administration of 
intravenous cyclophosphamide and resolves in approximately 
24 h [2]. Our patient experienced hyponatremia within 6 h af-
ter cyclophosphamide initiation but it resolved after a much 
longer period of time (35 and 55 h). The prolonged duration of 
this hyponatremia is of unclear etiology. Perhaps, our patient 
was slower to metabolize this drug than other patients typically 

are or perhaps the furosemide, used with the aim of helping 
the hyponatremia, actually prolonged the hyponatremia. It is 
also possible that the DDAVP in our patient also prolonged the 
duration of hyponatremia. In the future, it may be beneficial to 
withhold DDAVP for a longer period of time prior to initiation 
of cyclophosphamide so as to take advantage of this patient’s 
diabetes insipidus and invariable progression to polyuria and 
hypernatremia.

While it is well known that cyclophosphamide can result 
in hyponatremia, the mechanism by which this occurs is yet 
to be fully elucidated. Our case report, to our knowledge, pre-
sents only the second case in the literature of a patient with 
diabetes insipidus who developed cyclophosphamide-induced 
hyponatremia, thus providing a human example that lends fur-
ther credence to pre-clinical data. In the future, cyclophospha-
mide or its metabolites may even be considered as prototypes 
for the development of new drugs to treat diabetes insipidus.
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