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Abstract
Long-term lithium therapy is known to cause renal dysfunc-
tion, including nephrogenic diabetes insipidus (nDI) and 
chronic tubulointerstitial nephropathy, which may progress 
to end-stage renal disease (ESRD) in approximately 1% of 
patients. We report a case of resolution of lithium-induced 
nDI following living related kidney transplantation for ESRD 
secondary to chronic lithium toxicity. A 63-year-old male pre-
sented with ESRD and a 22-year history of severe nDI fol-
lowing 11 years of oral lithium treatment for bipolar disorder. 
He underwent a preemptive 1-haplotype matched living re-
lated kidney transplant from his son. Prior to the transplant, 
he had a daily urine output of 10-14 L. One month following 
transplant, the patient’s daily urine output decreased to 2-3 
L. His kidney function stabilized with a serum creatinine of 
1.4 mg/dl (6.4 mg/dl pre-operatively). Doppler ultrasound 
supports a functional shift from native kidneys to renal al-
lograft. This case report demonstrates reversal of nDI with 
kidney transplantation in a patient with ESRD secondary to 
lithium nephropathy, and highlights our poor understanding 
of this functional shift.
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Introduction
Following lethal cases of lithium intoxication in the 

1950s, lithium was removed from the market as a table salt 
substitute. However, to this day, it continues to be widely 
used in the treatment of bipolar disorder and refractory 
unipolar major depression [1]. As a monovalent cation, 
lithium is freely filtered through the glomeruli, and up 
to 80% of the filtered load is reabsorbed, mostly in the 
renal proximal tubule. In the distal nephron, lithium 
is absorbed through Epithelial Na Channels (ENaC) in 
the principal cells, where it may accumulate and induce 
nephrotoxic effects characterized by reduced urinary 
concentrating capacity [2,3].

The most common adverse effect of chronic lithium 
therapy is nephrogenic diabetes insipidus (nDI), which 
occurs in 40-50% of patients receiving lithium therapy 
[4,5]. Lithium-induced nDI appears to be reversible 
if exposure is limited to 1-2 years, but with chronic 
exposure, the process is irreversible or partially reversible 
at best [6]. Most patients with nDI compensate for 
urinary concentrating defects by increasing their water 
intake; however, the associated polydipsia and polyuria 
may profoundly impact quality of life. Furthermore, 
in situations where water intake is limited, the risk of 
hypernatremia and elevated serum osmolality increases, 
which may cause irritability, confusion, fatigue, lethargy 
and seizures.
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dosing throughout this period. The patient first noticed 
progressively increasing urinary volume and thirst around 
5 years after initiation of therapy. Lithium treatment 
was withdrawn after 11 years of therapy, without any 
improvement in the urine volume or thirst. At that time, 
the patient’s serum creatinine (Cr) was 2.6 and estimated 
glomerular filtration rate (GFR) was 28 ml/min. Over the 
following 15 years, his CKD continued to progress. He 
was placed on the renal transplant waiting list. At the time 
of evaluation and listing at our institution for a LRKT, he 
had a serum Cr of 5.3 mg/dl and a GFR of 12 ml/min/
m2. He had already had an ateriovenous fistula formed 
in anticipation of hemodialysis, but was not dialysis-
dependent at the time of transplant. While he had a 
number of sequelae of CKD, including fatigue, anemia, 
and hyperphosphatemia, his dominant symptoms were 
polyuria and profound thirst. He reported a daily urine 
volume in excess of 10 L and an associated thirst that 
woke him hourly at night.

Our patient had clear clinical and biochemical 
evidence of nDI. At an evaluation approximately one 
year prior to transplantation, he had maximally dilute 

A growing body of literature shows that long-term 
lithium use also leads to chronic kidney disease (CKD) 
in some patients, though this effect typically requires 
10-20 years of exposure. Chronic tubulointerstitial 
nephropathy is the most common cause of chronic 
kidney disease (CKD) in lithium treated patients, and 
follows a slowly progressive course that results in end-
stage renal disease (ESRD) in about 1% of these patients 
[7-9]. Although cessation of lithium treatment may 
slow the progression of CKD in some patients, those 
with more severe renal impairment may be less likely 
to benefit [9,10]. We present a case of severe nDI and 
ESRD secondary to lithium toxicity successfully treated 
by kidney transplantation.

Case Presentation
A 63-year-old Caucasian male with ESRD secondary 

to chronic lithium toxicity was seen in evaluation for 
kidney transplantation. The patient had a longstanding 
history of bipolar disorder treated with uninterrupted 
oral lithium for 11 years (1984 to 1995). Serum lithium 
levels were never monitored or used to adjust lithium 
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Figure 1: Serum and urine osmolality pre- and post-operatively.
Notes: Bold line denotes kidney transplantation (day 0); negative numbers denote number of days before transplantation; 
positive numbers denote number of days after transplantation. Urine osmolality estimated from the following: (urine specific 
gravity-1) *40000. Serum osmolality calculated from serum Na, glucose, and blood urea nitrogen: [serum osmolality = 2 Na + 
(glucose/18) + (BUN/2.8)].
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Three months post-transplant, the patient has stable 
renal function with a serum Cr of 1.4 mg/dl. At interval 
clinic appointments, urinalysis and blood work have 
demonstrated improved urinary concentrating ability in 
the setting of normal serum osmolality, beginning within 
one week of transplantation (Figure 1). The patient’s 
intense thirst has gradually disappeared and his urine 
output has decreased to approximately 2-3 liters per 
day. He can now sleep uninterrupted for 4 to 5 hours 
at night. An ultrasound of his native kidneys documents 
atrophy and his transplanted kidney has normal inflow 
and outflow with a resistive index of 0.76.

Discussion
To our knowledge, this is the first published case of 

resolution of lithium-induced nDI following pre-emp-
tive LRKT in a patient with ESRD secondary to chron-
ic lithium nephropathy. Post-transplant, our patient’s 
urine output decreased from 10-14 L/day to 2-3 L/day, 
and routine urine samples, which had been maximally 
dilute pre-operatively, became concentrated within one 
week of transplantation, providing clinical and biochem-
ical support for resolution of nDI. Additionally, the pa-
tient’s quality of life improved substantially in the ab-
sence of severe polydypsia and polyuria. This case report 
documents complete reversal of nDI as and additional 
benefit of kidney transplantation for patients with ESRD 
secondary to lithium therapy.

Among patients receiving long-term lithium treat-
ment, 40-50% develop nDI [4,5] and 21-65% develop 
chronic renal insufficiency [8,11-14], with about 1% pro-
gressing to ESRD [7,8]. The mechanism of lithium-in-
duced nDI is thought to involve ENaC-mediated entry 
into the principal cells of the collecting duct, which allows 
accumulation of lithium and a direct toxic effect of lith-

urine and inappropriately low urine osmolality for a 
high serum osmolality (urine specific gravity 1.005; 
serum Na 138 mmol/L; urine osmolality 211; serum 
osmolality 332). The same trend was seen one day pre-
operatively (urine specific gravity 1.003; serum Na 139; 
urine osmolality 151; serum osmolality 308), as shown 
in figure 1.

On July 6, 2011, the patient underwent a pre-emp-
tive 1-haplotype matched living-related kidney trans-
plant (LRKT) from his son. He was admitted overnight 
prior to transplantation to avoid dehydration, and re-
quired approximately 350 ml/hr of crystalloid solution 
to maintain his intravascular volume. Despite receiving 
350 ml/hr of ½ normal saline while fasting overnight 
(corresponding to 175 ml/hr of free water), his serum Na 
rose from 139 mmol/L to 144 mmol/L the following day, 
supportive of significant inappropriate water excretion. 
Intra-operatively, 5,500 ml of crystalloid solution were 
given. A standard LRKT to the right external iliac ves-
sels was conducted. Urinary drainage was achieved with 
a neo-ureterocystostomy with an anti-reflux mechanism 
over a double J stent. Prior to transplantation, his panel 
of reactive antibodies PRA (IgG) was 0 and his serologies 
for CMV and EBV were negative.

Tacrolimus, mofetil mycophenolate, and prednisone 
were given for maintenance immunosuppression. The 
patient had immediate graft function, and his post-oper-
ative course was uncomplicated. His fluid requirements 
and urine output decreased over the course of the hos-
pitalization, and by post-operative day 3, he no longer 
required IV fluids and had a 24-hour urine output of 3.7 
L. His kidney function also improved over this time peri-
od, with serum Cr decreasing from 6.4 mg/dl pre-opera-
tively to 1.5 mg/dl on post-operative day 4, when he was 
discharged from the hospital (Figure 2).
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Figure 2: Serum creatinine pre- and post-operatively.
Notes: Kidney transplantation = day 0; two values were collected on day 0 (at 1 hour and 6 hours post-transplant); negative 
numbers denote number of days before transplantation; positive numbers denote number of days after transplantation.
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some of the renal sequelae may be reversible with ces-
sation of lithium treatment among those who have been 
treated short-term, the likelihood that the effects will be 
reversible decreases substantially with longer duration of 
lithium exposure [9,10]. Since the initiation of the United 
Network for Organ Sharing registry in 1988, there have 
been 494 transplants for lithium-induced ESRD in the 
United States, of which approximately one-third were 
pre-emptive [23]. Data is not available regarding the 
prevalence of nDI among these transplant recipients. In 
the same time frame there were 7 transplants where nDI 
was listed as a primary diagnosis for transplant. None of 
which are reported in the primary literature.

Information in the scientific literature regarding kid-
ney transplant in patients with nephrogenic diabetes in-
sipidus (NDI) is limited. The prevalence of nephrogenic 
diabetes insipidus among patients with end stage renal 
disease (ESRD) has not been reported, as current popula-
tion analyses focus on dominant causes of ESRD such as 
diabetes mellitus, hypertension, and glomerulonephritis 
[24]. In the setting of congenital NDI, multiple anatom-
ic changes occur in the urinary tract including dilation 
of the bladder and hydroureter [25]. It is postulated that 
prolonged backpressure of urine within this system can 
lead to hydronephrosis and renal damage, and subse-
quently ESRD [26]. After a primary literature search of 
PubMed, Web of Science, and EMBASE of all available 
papers, we were able to identify one paper that described 
kidney transplantation in the setting of NDI and ESRD. 
Hora, et al. describes a patient with congenital NDI who 
developed multiple anatomic changes including bilateral 
megaureters as a result of daily diuresis of up to 10 L [27]. 
The patient subsequently developed laboratory evidence 
of renal disease at age 18 with a serum creatinine level 
of 2.33 mg/dL which progressed to above 4.52 mg/dL at 
age 42 at which point he received a deceased donor renal 
transplant. We did not identify any reports of renal trans-
plant in a patient with acquired NDI and end stage renal 
disease. Long term lithium has been implicated in causing 
acquired NDI by multiple reports, as lithium reduces the 
kidney’s concentrating ability, with some patients pro-
gressing to NDI, even when stopping the drug [28].

As described previously in this paper, long term lith-
ium use can lead to chronic tubulointerstitial nephrop-
athy progressing to end stage renal disease in 1% of pa-
tients [7,8]. Although the relationship between lithium 
and ESRD has been established for multiple decades, the 
incidence of lithium related ESRD has been increasing 
in several parts of the world [29,30]. Data from the Aus-
tralia and New Zealand Dialysis and Transplant Regis-
try demonstrated a marked increase in patients on renal 
replacement therapy (both dialysis and transplant) with 
lithium related ESRD from 0.19% of all new renal re-
placement patients from 1992-1996 to 0.70% from 2007-
2011 [29]. We conducted a primary literature search of 
PubMed, Web of Science, and EMBASE from 01/01/1994 

ium on the principal cells. Lithium also down regulates 
expression of aquaporin-2 and aquaporin-3, which are 
thought to inhibit the actions of anti-diuretic hormone 
(ADH), contributing to urinary concentrating defects 
[2,3,15]. In addition, lithium inhibits glycogen synthase 
kinase type 3ß (GSK-3ß) activity, which may affect tran-
scription of genes related to principal cell proliferation 
and aquaporin expression [5,15]. With chronic lithium 
exposure, the collecting duct undergoes structural re-
modeling and dysregulation of the cellular makeup, with 
an increased proportion of intercalated cells and prolif-
eration of principal cells [5]. These processes damage the 
collecting tubules in a dose- and time-dependent fash-
ion, leading to ADH resistance and nDI. Current medi-
cal treatment for nDI is limited to modest symptomatic 
relief with amiloride, thiazide diuretics, and, among pa-
tients without concurrent CKD, NSAIDs [5,16-19]. Salt 
restriction is thought to provide some benefit as well, but 
for the most part, the greatest symptomatic relief entails 
aggressive oral rehydration.

Concerning the mechanism by which LRKT reversed 
nDI in this patient, it is important to note that the pa-
tient’s native kidneys were preserved. The patient had 
immediate graft function post-transplant, with serum 
Cr dropping to 1.4 mg/dl within 5 days post-operatively. 
The patient’s urine output gradually decreased over the 
first 3 weeks post transplant. The renal allograft func-
tionally replaced the lithium-damaged native kidneys. 
The functional transition from native kidneys to allograft 
has been previously documented among patients with 
resolution of pathologic proteinuria following preemp-
tive kidney transplantation [20-22]. In a report of two 
cases with complete reversal of nephrotic syndrome 
post-transplant, renal scintiscan showed functional ex-
clusion of native kidneys (contributing to 22% and 18% 
of overall function, respectively) [21]. In a subsequent se-
ries of 14 cases with resolution of proteinuria an average 
of 4.5 weeks post-transplant, 2 patients received pre- and 
post-transplant radioisotope renograms that showed de-
creased radioisotope uptake post-transplant, suggestive 
of reduced blood flow to the native kidneys [20]. The 
mechanism accounting for this shift from native kidneys 
to allograft has not been elucidated. Hypotheses include 
suppression of native kidney hypertrophy by factors re-
leased by the normal allograft [20]. In our patient, the 
normalization of the volume of urine produced in a 24-
hour period further underscores our poor understanding 
of this phenomenon. Additional laboratory and clinical 
research is needed to understand the molecular mech-
anism responsible for this important functional shift in 
patients with renal transplantation.

Lithium nephrotoxicity is well documented in the lit-
erature. Renal biopsy samples from patients with lithi-
um-induced CKD demonstrate chronic tubulointerstitial 
nephropathy, with elements of focal segmental glomeru-
losclerosis and global glomerulosclerosis [9]. Although 
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for nDI among patients with lithium-induced ESRD 
qualifying for renal transplant. Furthermore, this report 
provides additional support for the functional transition 
from native kidneys to renal allograft post-transplant. 
These findings also provide valuable information for 
physicians when discussing the benefits of kidney trans-
plantation with this unique and rare patient population. 
This is especially important for both recipients and liv-
ing donors, as it may factor into their decision to pursue 
transplantation or donation respectively. Pre-emptive 
transplantation in this setting, with the concomitant 
avoidance of dialysis, carries additional proven health 
benefits for patients in ESRD. In summary, this case re-
port identifies reversal of lithium-induced nDI as an im-
portant advantage of kidney transplantation for patients 
with ESRD secondary to chronic lithium nephropathy.
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