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INTRODUCTION

Gitelman syndrome is an autosomal recessive disorder 
caused by inactivating mutations in the thiazide-sensitive 
sodium-chloride cotransporter (NCCT) that is expressed on 
the luminal surface of renal distal convoluted tubule cells.1 
First described in 1966,2 Gitelman Syndrome is character-
ized by hypokalemic metabolic alkalosis, hypocalciuria, and 
low-normal blood pressure.3 It classically presents in late 
childhood or adulthood. Predominant symptoms include 
muscle cramps and weakness, tetany, salt craving, polydipsia,  
and fatigue.4

Acquired Gitelman-like syndromes also have been 
described. In Sjogren’s syndrome, anti-NCCT autoanti-
bodies are postulated to inhibit or disrupt NCCT function 
and thereby precipitate the classical syndromic findings.  
Likewise, a Gitelman-like syndrome has been described in 
patients treated with the DNA alkylating agent, cisplatin.5 
Although the mechanism of cisplatin nephrotoxicity is not 
well characterized, morphologic studies in humans with 
cisplatin nephropathy demonstrate focal tubular necro-
sis predominantly in the distal convoluted tubule and the 
collecting ducts.6 These findings raise the possibility that  
cisplatin-induced damage to the distal convoluted tubule, 
and perhaps to the SLC12A3 gene (coding for NCCT) itself, 
may underlie the pathophysiologic process.

Herein we describe a case of suspected bendamustine- 
induced Gitelman-like syndrome in a patient undergoing 
treatment for follicular lymphoma with bendamustine and 
rituximab.

CASE PRESENTATION

A 51-year-old man presented with the chief complaint 
of severe bilateral leg cramping and weakness. Review of 
systems was positive for recent poor dietary intake. He 
denied polyuria, vomiting, diarrhea, weight loss, laxative 
use, diuretic use, licorice ingestion, or changes in home 
medications. His medical history was notable for essential 

hypertension treated with combination amlodipine-benaz-
epril; active stage IV follicular lymphoma for which he was 
undergoing treatment with bendamustine and rituximab; 
and hypokalemia, which was diagnosed after completing his 
first cycle of bendamustine-rituximab and had been taking 
oral potassium chloride. At the time of presentation he had 
completed six cycles of bendamustine-rituximab therapy, 
with bendamustine last administered six weeks prior to 
presentation.

On physical examination, he appeared chronically ill but 
was in no acute distress. His vital signs were as follows: tem-
perature 97°F, heart rate 80 beats/min, blood pressure 99/58 
mmHg, respiratory rate 20 breaths/min, and O2 saturation 
100% on room air. Rest of physical exam was normal.

Laboratory studies showed serum sodium 140 meq/L, 
potassium 1.6 meq/L(normal 3.5 to 5meq/L), chloride 97 
meq/L, HCO3_ 36 meq/L(normal 22 to 32 meq/L), BUN 10 
mg/dl, creatinine 0.88 mg/dl, calcium 8.9 mg/dl, magnesium 
1.6 meq/L( normal 1.5 to 2 meq/L) and phosphorus 1.6 mg/
dl( normal 2.5 to 4.5 mg/dl). In addition, creatinine kinase 
was 2685 IU/L (normal 22 to 198 IU/L), and venous blood 
gas showed pH 7.43 and pCO2 59. The patient’s electrocar-
diograms demonstrated sinus rhythm with a corrected QT 
interval of 457 ms and non-specific repolarization abnor-
malities. Subsequent work-up revealed urine creatinine 89 
mg/dL, urine potassium 28 mEq/L, urine sodium 74 mEq/L, 
urine calcium 0.1 mg/dL, and urine chloride 93 mEq/L, 
which corresponded to a urine potassium-to-creatinine ratio 
of 31 mEq/g, a transtubular potassium gradient of 9.25, and 
a urine calcium-to-creatinine ratio of 0.001. 24-hour urine 
confirmed potassium wasting with a potassium excretion 
of 107 mEq,. A diuretic screen was negative. Serum renin 
activity was elevated at 5.32 ng/ml/h. Serum aldosterone 
was <1 ng/dL. Other studies were notable for TSH 3.1 uIU/
mL, corticosterone <20 ng/dL, and 11-deoxycortisol <20 ng/
dL. Renal ultrasound demonstrated normal appearing kid-
neys with normal Doppler waveforms and flow velocities. 
The patient was treated with oral and intravenous potas-
sium and as well as with spironolactone 50 mg by mouth 
daily. Potassium values returned to the normal range and 
his leg cramps and weakness improved. The patient’s home 
amlodipine-benazepril was discontinued. 

One month after hospital discharge the patient was found 
to be hyperkalemic to 5.4 mEq/L(normal 3.5 to 5meq/L); 
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potassium chloride and spironolactone were discontinued 
To date, the patient has continued on rituximab mainte-
nance therapy and remains in remission. He has received no 
further bendamustine therapy. Serum potassium and bicar-
bonate have been monitored routinely and remain in the 
normal ranges since discontinuation of spironolactone and 
supplemental potassium. He has remained normotensive for 
over 1 year since hospital discharge.

DISCUSSION

We described a case of hypokalemic metabolic alkalosis, 
hypocalciuria, hyperreninemia, and normotension in a 
patient undergoing treatment for follicular lymphoma with 
combined bendamustine and rituximab therapy. This con-
stellation of metabolic abnormalities is similar to those seen 
in classical Gitelman syndrome. To our knowledge, this rep-
resents the first case of a bendamustine-induced Gitelman- 
like syndrome.

Bendamustine is a nitrogen mustard compound with a 
mechlorethamine moiety that engenders DNA alkylating 
properties.7 It has a volume of distribution of approximately 
20–25 L,7 with disproportionately high levels of the drug 
found in the liver and kidney according to a mouse model.8 
Cellular uptake of bendamustine is mediated – at least in 
part – by organic anion transporter proteins 1 and 3 (OAT1 
and OAT3), which are expressed on lymphoma cells9 and 
in renal proximal tubule cells.10 Non-enzymatic hydroly-
sis is the predominant metabolic mechanism and results 
in metabolites with little or no cytotoxic activity.11 Phase 
I metabolism by CYP1A2 also occurs and yields metab-
olites with cytotoxic activities that are less than or equal 
to that of the parent compound.12 Neither inhibitors nor 
inducers of CYP1A2 appear to affect the bendamustine con-
centration-time profile.7 Elimination occurs largely via the 
urine, though only a small fraction of drug is excreted in 
its native form.11 The effective half-life of bendamustine is  
approximately 40 minutes.7

Although bendamustine is not considered to be nephro-
toxic per se, hypokalemia was reported in 5% of patients with 
rituximab-refractory indolent and transformed non-Hodgkin 
lymphoma being treated with bendamustine monotherapy.6 
The exact mechanism is unknown. The dose of bendamus-
tine used in these patients was 120 mg/m2 on days 1 and 2 of 
21-day cycle, with dose reduction to 90 mg/m2 if severe  tox-
icities were identified, defined as having either life-threat-
ening adverse events or severe non-life-threatening events 
that warrant hospitalization. Due in part to the above find-
ings, bendamustine carries a manufacturer’s recommenda-
tion for routine monitoring of serum potassium levels due 
to an established risk of hypokalemia.13 Our patient devel-
oped hypokalemia after receiving bendamustine at 90 mg/
m2 on days 1 and 2 of a 28-day cycle (total cumulative dose 
of 180 mg/m2). He then developed a hypokalemic metabolic 

alkalosis with hypocalciuria after six (6) cycles of bendamus-
tine-rituximab, equating to a cumulative bendamustine dose 
of 1080 mg/m2, which is the standard dose for the treatment 
of follicular lymphoma. 

The precise mechanism by which bendamustine induced 
a Gitelman-like syndrome in our patient is not known. He 
developed a constellation of metabolic derangements con-
sistent with a Gitelman-like syndrome after completing six 
cycles of bendamustine-rituximab therapy, which equated to 
a cumulative bendamustine dose of 1080 mg/m2 (90 mg/m2 
on days 1 and 2 of a 28-day cycle for six (6) cycles). These met-
abolic derangements completely resolved after two months 
of potassium replacement and spironolactone therapy. Alto-
gether this speaks to a subacute and reversible process as the 
cause. Therefore, we hypothesize the reversible inhibition 
of the NCCT by bendamustine or one of its metabolites as a 
possible underlying pathophysiologic mechanism. Another 
possibility is a bendamustine-dependent autoimmune pro-
cess targeting the NCCT specifically or distal convoluted 
tubule cells in general. In support of this theory, bendamus-
tine has been implicated in a drug-dependent autoimmune 
process (hemolytic anemia) in a patient with follicular lym-
phoma.14 Additionally, and as aforementioned, an autoim-
mune-type process is thought to have caused an acquired 
Gitelman Syndrome in a patient with Sjogren’s Syndrome.15

Finally, it is important to comment on the magnesium 
and aldosterone levels in our patient, specifically that his 
magnesium level was within our institution’s normal range 
(1.6 mg/L or 0.8 mmol/L) and his aldosterone level was low 
(<1 ng/mL). Classically, Gitelman syndrome is characterized 
by hypomagnesemia and elevated aldosterone levels. The 
pathophysiology of hypomagnesemia in Gitelman syndrome 
remains to be fully elucidated, but may be related to altered 
expression of the TRPM6 magnesium transport channel or 
distal convoluted tubule cell death.16 Either abnormality 
would result in renal magnesium wasting. However, this 
theory has been disputed by Lin et al,17 who examined two 
families with proven Gitelman syndrome. They found that 
affected men had severe hypokalemia with paralysis, but 
also had normal serum magnesium. As a result, although the  
Kidney Disease: Improving Global Outcomes (KDIGO) 
Controversies Conference includes both hypomagnesemia 
(<0.7 mmol/L) and inappropriate renal magnesium wast-
ing (fractional excretion of magnesium >4%) as biochemi-
cal diagnostic criteria for Gitelman Syndrome,18 KDIGO 
also acknowledges that hypomagnesemia may be absent 
in patients with Gitelman Syndrome.18 Thus, the absence 
of hypomagnesemia in our patient does not exclude drug- 
induced Gitelman-like Syndrome as a diagnosis. As for al- 
dosterone, hypovolemia is thought to cause activation of 
the renin-angiotensin-aldosterone system.18 Interestingly,  
the KDIGO Conference does not include elevated aldoste-
rone levels in its proposed diagnostic criteria,18 but elevated 
renin levels and activity are included. Our patient did have 

37N O V E M B E R  2 0 1 8   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  N O V E M B E R  I S S U E  W E B P A G E  |  R I M S

http://www.rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2018-11.asp
http://www.rimedicalsociety.org


CASE REPORT

elevated renin activity, consistent with our diagnosis. In 
sum, neither the normal magnesium nor the low aldoste-
rone rules out a diagnosis of drug-induced Gitelman-like 
syndrome in our patient. In fact, the low aldosterone level 
may simply reflect the expected downstream effect of 
benazepril, which he had been taking prior to admission. 
Furthermore, hypokalemia inhibits aldosterone production, 
small changes in plasma potassium have a greater effect 
on aldosterone than on renin secretion.19 Therefore, his 
severe persistent hypokalemia would explain the suppressed  
aldosterone production. 

CONCLUSION 

In conclusion, our case provides evident that bendamustine 
is capable of inducing a reversible Gitelman-like syndrome. 
For this reason, if hypokalemia is detected on routine moni-
toring, then prescribers should consider evaluating for other 
metabolic derangements such as those common to Gitel-
man syndrome given that specific and effective therapies are 
available.
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