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Abstract Despite the availability of alternative agents, lithium continues to be the stand-

ard against which all mood stabilisers, prescribed for acute and maintenance
treatment of bipolar (and, to a lesser extent, unipolar) mood disorders, are com-
pared. As a medication often used on a maintenance basis for a lifelong disorder,
the potential for lithium to cause long term organ toxicity has generated appro-
priate concern. Foremost among these concerns are its renal effects.

Lithium adversely affects renal tubular function, causing polyuria secondary
to a deficit in urine concentrating ability. This effect is probably progressive for
the first decade of lithium therapy, i.e. it correlates with duration of lithium ther-
apy. Although this effect of lithium is probably functional and reversible early in
treatment, it may become structural and irreversible over time. In contrast, the
effect of lithium on glomerular function is not progressive.

Conclusions in this area are hampered by the evidence that patients with psy-
chiatric disorders who are not receiving lithium also show defects in certain
aspects of renal function. Despite the generally sanguine data on glomerular
function, a very small group of patients may develop renal insufficiency due to
lithium (possibly in conjunction with other somatic factors) in the form of inter-
stitial nephritis. However, for the vast majority of patients, the renal effects of
lithium are benign.

Current strategies for minimising the renal effects of lithium include: (i) as-
siduously aoiding episodes of renal toxicity; (ii) monitoring serum lithium
concentrations in order to achieve optimal efficacy at the lowest possible con-
centration; (iii) monitoring serum creatinine levels on a yearly basis, getting
further medical evaluation when the serum creatinine level consistently rises
abovel40 mmol/L (1.6 mg/dl); and (iv) possibly administering lithium once a day.
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Despite the availability of alternative agents,ically, this manifests in an obligate polyuria, with
lithium continues to be the standard against whiclsecondary thirst. Although other mechanisms may
all mood stabilisers, prescribed for acute and mainalso contribute to the polyuria, it is the interference
tenance treatment of bipolar (and, to a lesser uniwith antidiuretic hormone—induced antidiuresis
polar) mood disorders are compaf8dGiven its  that is the most important cause of lithium-induced
longevity in the relatively young field of psycho- polyuria.
pharmacology, concerns about the long term ad-
verse effects of lithium have been increasingly
studied over the last decade.

Primary among these concerns has been the
fect of lithium on renal function. The question of
lithium-induced renal toxicity began with the 1977

report offl_rtinal k:loptsydabrl_()rn;éilg[es ”lha Sma“age of lithium-treated patients with this finding
group ot ithium-treated palientS. SINce hen, a - \ 564 across studies as did the percentage decrease

number of studies have evaluated renal functionin = o .o e osmolality. Boton and col-

lithium-treated patients. Because a series of papefaague@ estimated that 54% of lithium-treated pa-

published in 1987 to 1989 reviewed these studiege s ghowed diminished renal concentrating abil-

; 8-5] thi . S .
in some detaif; ! this article will highlight studle_s_ ity (as defined by a maximal urine osmolality <800

gnmollkg) with 19% showing polyuria (defined by

the results of earlier studies. In examining those, ', , \ =" " e output >3 L/day). In contrast
guestions for which few studies have been pUb”STﬁ] ; .

_ _ : chou?! relying heavily on his own data, estimated
ed, t.)(.)th older r_:md n_ewer_stud|es_ will be des_crlbe ean concentrating ability to be decreased by only
Additionally, this article will consider strategies to 7 to 10%. Additionally, most, but not all studies
preyent an(_j manage pote_nt?al renal dysfunction 3%ound an association ’betwe,en reduced maximal
sociated with the use of lithium. urine osmolality and duration of lithium treatment,
implying a progressive deficit.

These conclusions, however, were confounded
_ by evidence that patients with psychiatric disorders
1.1 Effect on Tubular Function who had never been treated with lithium also dem-

onstrated reduced maximal urine osmolality com-

Lithium is completely absorbed by the gastrom—pared to a control grof##® or normative data de-

testinal tract, filtered completely by the glqmerull rived elsewher&9 The relative contribution of the
and then reabsorbed, primarily in the proximal tu-

bule. Itis likely that little if any reabsorption occurs psyc_hlz_;ltrlc disorder |t_seWs the gffects O.f _other_
in the loop of Henl&6.71 Lithium accumulates in nonlithium-psychotropic agents in explaining this

R . 1
the collecting tubule, the likely site of its capacityfmd”.19 is still _unknown. Ano_ther studly fo_un_d

. no difference in tubular function between lithium-
to alter renal water excretion. It has been conclu:

sively shown that lithium interferes with the capac—treateoI patients and patients with psychiatric disor-

ity of the cortical portion of the collecting tubule dforj r?)OtbLetC;'(;”zgt |iI;fllltF§e(apS)éCf:;gt trigncc?onr:tr:)oll
in the kidneys to generate cyclic adenosine mong? 2UP ), pop

phosphate in response to antidiuretic hormon@'OUP: thereby precluding any clear interpretation
. 5] ) .. _of the results.

stimulation!> The consequence of this effect is to

reduce the capacity of the kidneys to preserve free 1.1.2 Early Longitudinal Studies

water, resulting in an impairment in renal concen- A few of the earlier studies used a longitudinal

trating ability and the production of an excessivelydesign to evaluate the potential progressive nature

dilute urine, defined as diabetes insipitfl<lin-  of tubule dysfunction in patients receiving lith-

1.1.1 Early Cross-Sectional Studies

A decade ago, reviews of earlier studies con-
e(1;I_uded that when evaluated in cross-sectional stud-
ies, lithium use was associated with a decrease in
renal concentrating ability, manifested by de-
creased maximal urine osmolali##! The percent-

1. Effect on Renal Function

O Adis International Limited. All rights reserved. Drug Safety 1999 Mar; 20 (3)



Lithium and Renal Disease 233

ium [1217] Results were inconsistent with 2 out of tent to which these changes are progressive and/or
3 studies finding a progressive increase in 24-houcorrelate with duration of lithium exposure is less
volumé!t2-14and only 1 out of 4 studié417Ifind-  clear. Most cross-sectional studies seem to show a
ing a progressive decline in maximal urine osmo-correlation between duration of lithium treatment
lality. However, with only 1 exceptiol#’! the and decreased maximal urine osmolality. In con-
length of time between examinations of renal func-rast, the more recent longitudinal studies, examin-
tion in these studies was 2 years or less. The onling patients with extended time between examina-
study with a longer time between examinationstions (mean = 8 years) did not consistently find
(mean = 4.7 years) found the largest progressivéurther progression of the tubular dysfunction over
deficit in renal concentrating capacity from a meantime. This may indicate that the progression of re-
of 713 to 573 mmol/k§-"] nal concentrating deficit occurs predominantly
within the first few years of treatment and that,
L]gslter (e.g. in the second and third decade of treat-
ment), no further consistent changes are seen.
Aside from its effects on water balance, lithium
Of 3 studies using a cross-sectional designrnay hz_ave other Ies_sertubular effgcts._lt_may cause
a mild incomplete distal tubular acidosis in patients

2176 %lfound clear deficits in maximal urine osmo- with and without reduced urine osmolaliiyHow-
lality and/or increased 24-hour urine volume as . . : S
ever, this effect is unlikely to be clinically rele-

compared with either population control partici- [25]
pants!®l or psychiatric control participants] The vant
third study?% provided few details, but found no  1.1.5 Renal Function After Lithium Discontinuation
abnormalities except for polyuria in 8% of the sam-  The potential reversibility of the effects of lith-
ple. Only 1 of these studiéd found a correlation ium on tubular function has been evaluated in a
between total lithium exposure (as a marker of duhandful of studies by measuring renal function in
ration of lithium treatment) and diminished urine patients who have discontinued lithium therapy for
concentrating ability. reasons other than renal dysfuncti&?3.26-28]De-
o ) tails of these studies are given in table II.
1.1.4 Recent Longitudinal Studies

L ; . Across studies, tubular dysfunction as mea-
Four longitudinal studies have re-examined re- . .
P, . sured by 24-hour urine volume and/or maximal os-
nal tubular function in lithium-treated patients (ta-

ble 1121241 The length of time between examina- molality either stayed constant or improved only

tions ranged from 3 to 10 years. Only 1 out of 4somewhat after lithium discontinuation and re-
studie€!] showed a significant decrease in tubularmamed abnormal compared with control popula-

function as defined by maximal urine osmolality. tions. These results imply that at some point during

. o . lithium treatment, a functional, potentially revers-

The reason for the disparity in results is unclear an . ;

: . ible abnormality becomes structural and only min-
cannot be explained by either length of follow-up . . : .

- : .. imally reversible. Results of renal biopsy studies
or number of participants studied. However, signif-, . : . . .
: -24] (reviewed in section 2) are consistent with these
icant loss of the sample at follow-{#8;24! and/or L -

- ; A clinical findings.
refusal to participate in follow-up examinati&#),
make the results of these studies tentative.
The studies of the effects of lithium on tubular

dysfunction can be summarised as follows: most, Most of the studies reviewed in section 1.1 also
but not all, the studies indicate that the use of lith-evaluated the effect of lithium on glomerular func-
ium is associated with a diminished capacity totion. Glomerular filtration rate is determined either
conserve free water as measured by 24-hour urinley measuring serum creatinine levels, endogenous
volume and/or maximal urine osmolality. The ex- creatinine clearance or by using alternative filtra-

1.1.3 Recent Cross-Sectional Studies

Over the last decade, 7 new studies have eval
ated lithium and renal tubular functi®f:24 The
details of these studies are given in table I.

1.2 Effect on Glomerular Function
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tion markers such a8Cr—EDTA (lchromium-  clearance is a more accurate measure of glomerular
ethylene diamine tetra acetic acid) clearance. Séfiltration rate. However, it too progressively over-
rum creatinine level measurement is a crude an@stimates glomerular filtration rate as glomerular
often inaccurate measure of glomerular filtrationfunction deteriorate!Cr-EDTA clearance is the
rate since extrarenal creatinine excretion, the effeci0St accurate measure of glomerular filtration rate
of muscle mass and other factors preclude a lined¢Sed in lithium studie&?!

relationship between serum creatinine level and ;| , ; caiier studies

glomerular filtration raté?®l Especially in the face  Examining the earlier studies published up to 1
of renal insufficiency, serum creatinine levels maydecade ago, previous reviéid all shared the
show almost no change despite a significant desame conclusions: lithium treatment is generally
crease in glomerular filtration rate. Creatinine not associated with a meaningful decrease in glo-

Table I. Recent studies evaluating tubular function in lithium-treated patients

Reference No. of patients  Duration of lithium Serum lithium Control group Results
treatment concentration
mean (y) range (y) mean range

(mmol/L) (mmol/L)

Cross-sectional studies

Conte et al.l? 50 6.3 1.5-14 0.58 0.34-0.8  Unstated 4/50 patients with polyuria.
(? demographic  Mean Umax (mmol/kg) = 950 +
controls) 56 in 10 patients. All other
values within normal limits
Bendz et al.l'8l 142 19 15-29 0.64 0.20-1 Demographic ~ Mean Umax (mmol/kg) = 580 +
controls 205.
44% of patients had abnormal
values.
12% of patients were ostenuric
Coskunol 107 45 0.76 Psychiatric Mean Umax (mmol/kg) = 814 +
et al.ll9 patients 170 (patients) vs 1042 + 132

(controls) [p < 0.0001].

24-h urine volume (ml/24-h) =
2194 + 1434 (patients) vs 794 +
346 (controls) [p < 0.0001]

Longitudinal studies

Jorkasky 65 baseline; 0.68 Increased urine volume at 1y.
et al.?2 51 (1y); Returning to baseline at 3y. No
18 (3y) difference in Umax at 3y
Nilsson & 37 15.4 8.9-20 0.56 at 0.30-0.85 Umax (mmol/kg) = 511 (range
Axelssonl?4 (7y between follow-up 164-946) at baseline and 397
examinations) (range 123-888) at follow-up (p
< 0.0001)
Hetmar 46 at baseline; 8.1 at baseline; 1-14 at 0.8 0.5-0.98 Umax (Mmol/kg) = 607 at
et al.[l 27 atfollow-up  19.5 at baseline; at baseline and 685 follow-up
(19 receiving follow-up (10y  11.5-23.5 follow-up (NS).
lithium) between at 24-h urine volume (ml/24-h):
examinations)  follow-up 3033 at baseline and 2917 at
follow-up (NS)
Kallner 207 12 0.61 Umax (mmol/kg) = 651 at
et al.l (50 patients baseline and 616 at follow-up
re-examined (NS)
after 5y)

NS = nonsignificant differences; Umax = maximal urine osmolality.

O Adis International Limited. All rights reserved. Drug Safety 1999 Mar; 20 (3)
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Table Il. Studies of lithium-treated patients who discontinued treatment

References No. of Time after Tubular function Glomerular function Comments
patients  lithium
discontinuation

Bucht & 87 3wk and 8wk  Umax (Mmol/kg) =517 + 197 at ~ Serum creatinine level Umax still lower than
Wahlinl26] baseline, 605 + 202 at 3wk and  (umol/L) = 82 + 16 at demographic controls (p = 0.001)
658 + 181 at 8wk (p = 0.001) baseline), 78 + 15 at 3wk  Serum creatinine level higher in
and 78 = 16 (NS) patients vs controls (p = 0.02 at
8wk)
Vestergaard 37 Mean = 14mo  24-h urine volume (L) = 2.8 at Creatinine clearance Urine volume post-lithium did not
& baseline and 2.19 at follow-up (ml/sec) = 1.51 in controls differ from ‘never treated’ group
Amdisen!*? (p <0.02). vs 1.49 in lithium-treated
Umax improved (p < 0.01) in patients (NS)

post-lithium vs pre-lithium but
still less (p < 0.01) than in ‘never
treated’ group

Bendz 36 3mo Umax (Mmol/kg) = 674 at Serum creatinine level
et al.””] baseline vs 751 at follow-up (umol/L) = 86.3 at
(p < 0.001). baseline and 90.6 at
24-h urine volume (L) = 2.5 at follow-up (NS).
baseline vs 1.9 at follow-up 51Cr-EDTA
(p < 0.001) (ml/min/1.73m?) = 80 at

baseline vs 88 at
follow-up (p < 0.05)

Hetmar 8 Unknown 24-h urine volume (L) = 3101 at  Creatinine clearance One patient discontinued lithium
et al.l?3 baseline vs 2981 at follow-up (ml/sec) = 1.44 at secondary to renal insufficiency
(NS). baseline vs 1.26 at

Umax (mMmol/kg) = 704 at follow-up (NS)
baseline vs 810 at follow-up (NS)

Bendz 13 5wk and 9wk  Umax (Mmol/kg) = 645 at Serum creatinine level

et al.l?8 baseline vs 637 at follow-up (umol/L) = 103 at baseline
(NS). vs 97 at follow-up (NS).

24-hour urine volume (L) =3.8  GFR (ml/min/1.73m?) =

at baseline vs 4.7 at follow-up 69 at baseline vs 74 at

(NS) follow-up (NS)
51Cr-EDTA = 5!chromium-ethylene diamine tetra acetic acid; GFR = glomerular filtration rate; NS = nonsignificant differences; Umax = maximal
urine osmolality.

merular filtration rate and, if a decrease is seen, isignificant correlation between reduced glomeru-
is typically mild and not clinically significant. In lar filtration rate and duration of lithium therapy,
1987, Boton et dfl estimated that glomerular implying that even if lithium-induced glomerular
filtration rate was reduced by an average of 15%dysfunction existed, it was not progressive in na-
across all published studies. Furthermore, this veryure. However, these conclusions were tempered
mild decrease cannot necessarily be attributed tgas were the studies on tubular function) by the
lithium alone since some patients had pre-existingacknowledgment that few studies had prospec-
renal disease, others had had lithium intoxicatiortively followed patients for long periods of time
(a presumed risk for lithium-induced renal damagewhile they were receiving lithium, thereby pre-
— see section 4) and many patients were takingluding definitive conclusions on this question.
other psychotropic medications with their own po-  Since these earlier reviews, the same 7 stud-
tential effects on renal function. ied18-24] that examined tubular function also re-
A second sanguine conclusion from the earliemported on glomerular function, 6 using creatinine
reviews was that the majority of studies found noor 5Cr-EDTA clearance as a markér20.22-24]

O Adis International Limited. All rights reserved. Drug Safety 1999 Mar; 20 (3)
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while 1 simply measured serum creatinine lev-<700 mmol/kg) showed no differences in glomer-
els[?! The findings of these studies are summar-ular function compared with those with normal tu-
ised in table lIl. bular function.
Bendz et all8l evaluating 142 patients all of

1.2.2 Recent Cross-Sectional Studies whom had been receiving lithium for at least 15

Three studies used a cross-sectional déSighl.  years found that 21% of the sample showed signif-
Conte etal® found no tubular function abnormal- jcantly reduced glomerular filtration rate compared
ities in 50 lithium-treated patients and no relation-yith a demographic population control group.
Shlp between duration of lithium treatment and Cre'Compared with patients whose g|0meru|ar filtra-
atinine clearance; however, the study provided fewjon rates were within the normal range, those with
details. Coskunol et &% compared 107 lithium-  diminished glomerular filtration rate had higher
treated patients to a psychiatric control populationrp4-hour urine volume (mean = 38301900 vs
and found no significant difference between the 23050+ 2000 ml/24h, p < 0.05), lower maximal
groups in terms of serum creatinine levels or creaturine osmolality (mean = 4865233vs605+ 191
inine clearance. Of note, patients with renal con-mmol/kg, p = 0.01). Additionally, in earlier studies
centrating defects (maximum urine osmolality from the same research group, only 7% of patients

Table I11l. Recent studies evaluating glomerular function in lithium-treated patients

References  No. of Duration of lithium Serum lithium Control group  Results
patients treatment concentration
mean (y) range (y) mean range
(mmol/L) (mmol/L)
Cross-sectional studies
Conte 50 6.3 1.5-14 0.58 0.34-0.8 Unstated (? No abnormalities noted
et al.?% demographic
controls)
Bendz 142 19 15-29 0.64 0.20-1 Demographic  GFR (ml/min) = 72 + 17 (21% below
et al.l*8l controls normal)
Coskunol 107 45 0.76 Psychiatric Creatinine clearance (ml/sec) = 1.44
et al.ll9] patients +0.36 in lithium-treated patients vs
1.4 + 0.34 in controls (NS)
Longitudinal studies
Jorkasky 65 baseline; 0.68 No change in creatinine clearance in
etal.l?? 51 (ly); women. Decreased creatinine
18 (3y) clearance (ml/min) in men: 107 + 4
at baseline
vs80 £ 11 at 3y (p < 0.04)
Nilsson & 37 15.4 8.9-20.4 (7y 0.56 at 0.30-0.85 Serum creatinine level (umol/L) = 92
Axelssonf?1] between follow-up (60-153) at baseline vs 102 (70-192)
examinations) at follow-up
Hetmar 46 at 8.1at 1-14 at 0.8 0.5-0.98 Creatinine clearance (ml/sec) 1.44 +
et al.?d baseline; 27 baseline;  baseline; at 0.32 at baseline vs 1.17 + 0.31 at
at follow-up  19.5 at 11.5-23.5 at follow-up follow-up (p < 0.01)
(19 patients  follow-up  follow-up (10y
receiving between
lithium) examinations)
Kallner 207 (50 12 0.61 S1Cr-EDTA (ml/min) = 74 + 14 at
et al.?4 patients baseline vs 73 + 15 at follow-up (NS)
re-examined
after 5y)

51Cr-EDTA = 5ichromium-ethylene diamine tetra acetic acid; GFR = glomerular filtration rate; NS = nonsignificant difference.

O Adis International Limited. All rights reserved.
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who had taken lithium for 6 years had a reducedvho discontinued the drug and within individuals
glomerular filtration rat@7:31 (compared with after they discontinued lithium. In 1 study, how-
21% in the more recent study of patients who hadver, patients who discontinued lithium showed a
taken lithium for a mean of 19 years), implying thatsignificant increase iflCr-EDTA while serum cre-
the longer duration of lithium treatment was asso-atinine levels did not chandg!

ciated with reduced glomerular function (although

at a subclinical level.) 5 Bi Studi f
. Biopsy Studies o

1.2.3 Recent Longitudinal Studies Lithium-Treated Patients

Of the 4 longitudinal studies published within
the last decade, all showed declines in creatinine The first renal biopsy study of lithium-treated
clearances over tifé24l or an increase in serum patients was that of Hestbech et?alwho found
creatinine level&Y One studi#? found this de- chronic, not acute, abnormalities consisting of fo-
crease occurred only in men, but this study had theal nephron atrophy and/or interstitial fibrosis, tu-
shortest follow-up time of 3 years. However, sincepular dilatation and cyst formation in 13 out of 14
glomerular filtration rate normally decreases overrenal specimens. Of the 14 patients, 10 had had at
time as a normal consequence of aging, 2 of thgeast 1 episode of lithium intoxication and 8 out of
studies adjusted the changes in creatinine cleart4 had had a biopsy taken in the context of lithium
ance for ag€&324With this statistical adjustment, toxicity. Because of this selection bias, it was ini-
the change in glomerular function virtually disap- tially unclear whether these findings reflected
pears. Thus, the longitudinal studies show no overchanges that might be seen in patients who had not
all trend towards progressive glomerular dysfunc-had at least 1 episode of lithium toxicity.
tion beyond that seen with normal aging. A second study from the same research
group!34 however, examined renal biopsy speci-
1.2.4 Other Glomerular Effects . L. o

qnens from 14 patients receiving lithium treatment

An unusual (only a total of 21 cases have bee lected on the basis of bolvuri d/or d d
reported to date) but well recognised renal compli-seece on the basis of polyuria andior decrease

cation of lithium therapy is nephrotic syndrome creatinine clearance and in whose history no other
typically associated with biopsy proven minimal cause of renal disease could be ascertained. They

change disease and manifested by high serum Créc_).und sim_ila.r morphologicall _ch.ang.es consistent
atinine levels, lithium toxicity and heavy protein- with chronic interstitial nephritis in this group. Re-
urial3233 Acute renal failure is often presd# nal concentrating ability showed an inverse corre-
Typically, the nephrotic syndrome disappearsIation with biopsy abnormalities while glomerular

within weeks after lithium discontinuation, al- function was reIatlve_Iy p;g?served.
though treatment with corticosteroids is occasion- Subsequent studiés** have generally sup-
ally needed. Reinstitution of lithium therapy after ported the findings of a chronic interstitial nephri-

the resolution of nephrotic syndrome results in théflS With relative preservation of glomeruli in lith-
re-emergence of the glomerular discé3e. ium-treated patients. Most investigators have
found the lesions to be nonspecific, seen in a num-

1.2.5 Renal Function After Lithium Discontinuation ber of other renal diseas€$. One set of unique

The studies (both from the last decade and preacute reversible renal lesions associated with lith-
viously) in which patients who discontinued lith- ium, characterised by cytoplasmic swelling with
ium were re-evaluated found no significant glycogen deposits in the distal convoluted tubules
changes in glomerular function after short termand collecting ducts has been suggested by 1
discontinuation (see table [f-23.26-28ICreatinine  groupl®8:49411 The relationship between these le-
clearances are generally comparable betweesions and the chronic changes seen in other studies
those patients who continued lithium and thosen unclear.

O Adis International Limited. All rights reserved. Drug Safety 1999 Mar; 20 (3)
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Whether the chronic interstitial changes foundthe classic changes already described in associa-
in patients with mood disorders treated with lith- tion with lithium treatment—induced interstitial fi-
ium can be definitively attributed to the prescribedbrosis, tubular atrophy, focal sclerosis and acquired
medication is still unknown since similar lesions renal cystic disease were seen. No other major risk
have been found in patients with psychiatric disor-factors for interstitial nephritis, such as paraceta-
ders who were not treated with lithid#3:40 Since  mol (acetaminophen) abuse, recurrent urinary tract
most of these patients were treated with other psyinfections, renal stones, etc., were present in any of
chotropic medications such as antipsychotics, it ithese patients. Only 1 of the patients had reported
as yet unclear whether it is the underlying psychi-acute lithium intoxication&®! All 5 patients had
atric disorder or other medications that may be asbeen exposed to lithium for at least a decade. Fur-

sociated with interstitial abnormalities. thermore, the biopsy findings were all similar and
consistent with lithium-induced changes seen in
3. Lithium-Induced Renal Insufficiency other human and animal studies.

Despite these case reports and case series, there
The general conclusion that lithium does notjs no direct causal evidence implicating lithium.
cause progressive renal insufficiency (as measuregldditionally, in some of the patients, other com-
by decreased glomerular filtration rate) does nolborbid medical disorders, such as hyperten&dn,
preclude the possibility that a small percentage ofnitral valve insufficiency?3l hyperuricaemi&!
lithium-treated patients might show progressive re-and hyperparathyroidisi?! were present, sug-
nal failure. As an example, Lokkegaard et*&ll. gesting the possibility that lithium plus these other
found very few low glomerular filtration rate val- disorders may have conferred the risk for renal in-
ues among lithium-treated patients, but 2 of theirsufficiency. Compounding the problem is the un-
original sample were excluded from the study be«nown rate of spontaneous renal insufficiency in
cause of low glomerular filtration rates following the general population. Thus, the rate of renal fail-
lithium intoxication. ure in lithium-treated patients is probably very
Another study of patients treated with lithium small, occurring in only a small group of vulnera-
for at least 10 years noted that 3 out of 19 (16%p)le patients possibly due to other medical, un-
had a plasma creatinine level of 140 mmol/L orknown familial or environmental factors.
greatet3! Lithium was discontinued in 2 of these
patients due to renal insufficiency. In a third study, 4 Risk Factors for Lithium-Induced
despite the conclusion of a ‘well preserved glomer-
ular filtration rate over 20 years’, 2 patients devel-
oped progressive renal insufficiency requiring lith- ~ Factors other than duration of lithium therapy
ium discontinuatior?3! Biopsies in both cases itself have been proposed as enhancing the risk of
showed changes consistent with tubulointerstitialeither tubular dysfunction or diminished glomeru-
nephritis. Finally, 3 out of 82 patients (4%) treatedlar filtration rate. They are: concomitant use of
with lithium showed evidence of renal insuffi- other medications, episodes of lithium intoxica-
ciency as defined by a serum creatinine level oftion, pre-existing somatic disorders and the lithium
above 185 mmol/L (2 mg/100nif¢! Renal biopsy treatment regimen (i.e. once dailymultiple dose
in 2 patients (the third patient refused biopsy)strategies.)
showed tubular and interstitial fibrosis. Many/[11.18.25.47-481 byt not allll217-42] studies
Additionally, 5 documented cases of patientshave found that concomitant use of other psy-
with progressive renal failure that required main-chotropic medications, especially antipsychotics,
tenance haemodialysis associated with lithiumis associated with higher rate of tubular dysfunc-
treatment have been reporiéd46! For the 4 pa- tion. In 1 study, patients taking lithium plus anti-
tients from whom biopsy specimens were obtainedpsychotics showed higher urine volume but normal

Renal Changes

O Adis International Limited. All rights reserved. Drug Safety 1999 Mar; 20 (3)
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proximal tubular function, suggesting that the de-evaluated retrospectively. In the second group of
fect was due to a lowered fractional resorption ofstudies the change in renal function — typically
water in the distal nephrdff! In the same study, maximal urine osmolality or 24-hour urine volume
patients treated with lithium plus antidepressants- was measured after patients had been switched
did not show alterations in renal tubular functionfrom 1 regimen to another.
compared with those treated with lithium alone. In  The 2 series of studi€&¢! (5 of these pa-
contrast, there is much less evidence that adjunger$®1-55 came from the same research centre) us-
tive treatment with antipsychotics is associatedng the first paradigm in which patients treated
with diminished glomerular filtration raié?48] with different regimens are evaluated retrospec-
It is generally assumed that episodes of lithiumtively found differences with patients treated with
intoxication increase the long term risk of renalonce daily doses, typically showing lower urine
damagé-15! although definitive data are lacking. volume. Consistent with this finding, animal stud-
Pre-existing somatic disorders which may inde-ies demonstrate clearly that rats treated with lith-
pendently diminish renal function enhance the riskium at a relatively constant concentration show re-
for lithium-induced renal effects. As an example,duced renal concentrating ability and greater
Bendz et al'8! found that lithium-treated patients tubular and interstitial scarring on biopsy speci-
taking medications for somatic conditions hadmens compared to rats treated with a regimen pro-
lower glomerular filtration rate and lower maximal ducing high peak alternating with low trough lith-
urine osmolality. Similarly, as noted in section 3, ium concentration§’! These 2 conditions mimic
some patients who have developed lithium-inducedhe difference between multiple daily dosages
renal insufficiency have also had active medicalonce daily administration in humans. Furthermore,
disorders. By themselves, these medical disorderkigher 24-hour urine volume correlates best with
would be unlikely to cause the interstitial fibrosis minimal serum lithium concentration, as opposed
seen, but they may have contributed to the renaio maximal lithium concentration or 12-hour lev-
effects of lithium. elsl571 All these lines of evidence suggest that in
One medical disorder that deserves special aterder to minimise lithium-induced tubular and in-
tention in this regard is hyperparathyroidism sinceterstitial effects, it is important that there be some
lithium treatment is associated with an increasedortion of the day when serum (really tubular) lith-
risk for hypercalcaemia and hyperparathyroid-ium concentrations are low, allowing regeneration
ism[43.49.501 One study found a higher rate of of renal tubular cells.
isostenuria with lithium-treated patients with  These findings, however, must be tempered by
hyperparathyroidism compared with those with2 methodological points. First, participants in the
normal parathyroid level8? The course of the human studies were assigned nonrandomly to the
lithium-associated hypercalcaemia after lithium 2 treatment conditions. Secondly, partly due to the
discontinuation is variable. However, given the asdower lithium clearance at nighl (and the greater
sociation with hypercalcaemia and renal dysfuncdoad of lithium during this time in the once daily
tion, serum calcium levels should be monitored indosage group), in order to maintain the same serum
lithium-treated patients. lithium concentration, those treated with twice
The greatest controversy regarding risk factorgdaily lithium require higher daily lithium doses
surrounds the potential association between thétypically 20% highef§°! thus introducing an im-
lithium treatment regimen and changes in renaportant confound. No studies have yet compared
function. Studies examining this question are of 2oncevs twice daily regimens with similar total
types. In 1 group of studies, renal function of pa-daily lithium doses.
tients treated with different lithium regimens (typ-  In contrast, studies in which patients have been
ically once dailyvs 2 and/or 3 times daily) were switched from 1 lithium regimen to another have
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generally not shown changes in tubular func-the majority of lithium-treated patients. Whether
tion [60-621 The exception to this is a recent study inabnormalities in urinary concentrating capacity
which urine volume decreased when patients werean be minimised by lowering the serum lithium
switched from multiple daily doses to once daily concentration has not been demonstrated in clinical
administration but only in those patients who hadstudies. However, measurements of distal re-
been treated with lithium for 5 years or 1&85.  apsorption of water indicate a strong correlation
Since the changes in tubular function may be irrewith serum lithium concentration, suggesting that

versible over time (as evidenced by the lack oflower concentrations are associated with enhanced
changes in maximal urine osmolality in the lithium |ithium-sensitive tubular functiol§®!

discontinuation studies noted in section 1.1.5 and There is no consensus as to the 0pt|ma| moni-

1.2.5), switching may only be effective (if at all) toring schedule of renal function in lithium-treated
relatively early in the course of treatment. patients. With increasing cost-consciousness in
An extension of the regimen in which lithium is heajthcare, measuring creatinine clearances and
given as a larger load at less frequent intervals i$neasurements of 24-hour urine volume and/or
the paradigm of administering 1.5 times the dailymaximal urine osmolality seems excessive as rou-
dose every other dd3] This would clearly pro- e screening procedures. Although measurement

duce a low trough concentration just before theyt serym creatinine levels is a rather crude method
dose was administered every 48 hours. In a randorg monitoring glomerular function since signifi-

assignment study of onpﬁ daﬂyevehry otheﬁ.dhqy cant loss of renal function can occur before serum
lithium, those treated wit every .Ot er d_ay ,',t UM creatinine levels increase, it remains the simplest,
showed only a trenq (not stgtlgtlcally S'gn'f'cam) least expensive and most reasonable screening
:g\évegsif Ifrsesatzzlyurr(;i{ﬁ%?lﬁ%'ﬁ?efoéggazfed t\r’]\/ghtool. Recommendations on how frequently serum
y 9 : ’ P creatinine levels should be measured in lithium-

random assignment to the 2 groups in the study, .
those treated with every other day lithium had haat reatﬁ?, Eﬁgﬁ"ms range from every 3 months to every
yeartt:>

significantly more lithium exposure before the trial No simple, inexpensive test of tubular function

= <
ﬁ(ransi?tr; Ofl (t)h)(/ee?rri\:3myoer2r?j,if?icuﬁ.?s)(,:&aclrlljr;?vgs is .av.ailable. Asking patients routinely about poly-
interpret. uria is sure_ly the smplgst probe. Measurement _of
24-hour urine volume is clearly more accurate if
the patient is organised and compliant enough to
cooperate. Asking about thirst is also useful since,
in 1 study, it strongly negatively correlated with

Given the data reviewed in section 1 to 4, it ismaximal urine osmolalit$\®}
important to look at what clinical strategies may be Another obvious method of minimising the risk
employed to diminish the tubular dysfunction as-Of renal dysfunction from lithium is to assiduously
sociated with lithium, causing polyuria and an ex-avoid episodes of lithium intoxication. Although
cessively dilute urine in many patients and intersti-the data suggesting this as a major contributing fac-
tial nephritis in a rare few. tor are based almost exclusively on anecdotes,

First, of course, patients receiving lithium common sense suggests this approach. Addition-
should have demonstrated a need for this treatmerly, lithium intoxications are mostly prevent-
by their diagnosis, symptom pattern and evidenceblel’% Lithium intake should be reduced or tran-
of benefit. As noted in section 1.1.1, distal tubularsiently discontinued in the face of gastrointestinal
function probably correlates with duration of lith- episodes resulting in diarrhoea, vomiting or dehy-
ium therapy whereas any decrease in glomeruladration. When other medications known to de-
filtration rate is unlikely to be time dependent in crease lithium clearance and to increase lithium

5. Management and Prevention
Strategies
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concentrations are added to a patient’s regimesium-sparing diuretic may have similar salutary ef-
such as thiazide diuretics, ACE inhibitors, somefects!’6] Despite these intriguing preliminary data,
nonsteroidal anti-inflammatory drugs, lithium it is premature to recommend supplemental potas-
concentrations should be checked and dosagesium on a routine basis for lithium-treated patients.
monitored accordingl§l! A corollary of this is Finally, the timing of lithium discontinuation in
that lithium-treated patients should have in-the presence of increasing serum creatinine levels
dividualised dose titration and monitoring to as- (‘creeping creatinines”y’] or decreasing creati-
sure optimal benefit at the lowest possible dosag®ine clearance is still a matter of clinical judgment.
and serum concentrations. At least 2 authof$"5% have suggested that serum
The data presented in section 4 on whether oncgreatinine values consistently above 140 mmol/L
daily lithium administration is associated with less (1.6 mg/dl) should trigger a medical evaluation.
tubular dysfunction compared to a multiple doseThere is no consensus as to the creatinine clearance
regimen cannot be easily translated into clinicalvalues below which lithium should be discon-
recommendations given the disparate resultdinued. Given the generally weak correilation be-
among studies. Furthermore, in light of the differ- tween tubular and glomerular dysfunction, how-
ences in lithium clearance between the 2 regimen€Ver, €ven marked polyuria does not hold the same
it is still unclear whether, in comparison to thoseSignificance. Lithium discontinuation for symp-
treated with divided doses, patients on once dailyfomMatic polyuria should be decided only on the ba-

regimens should be treated with a lower dosage (t5' ©f distress, not physiological markers.
maintain the same lithium concentration) or the _
same dosage but with a higher concentration. A 6- Conclusion

reasonable current recommendation would be that After 30 years of use in treating mood disorders,

i o X . ) , initially on a functional basis, progressing
benefit from administration of multiple daily 4 gryctural damage over time. In the vast majority
doses.. ) . of patients, the tubular damage is unassociated
Preliminary data have suggested the utility of it significant changes in glomerular filtration
potassium supplements in diminishing lithium-in- rate - Clinically important glomerular dysfunction

duced renal effects. In animal studies, supplemengom jithjum is rare and is unrelated to the duration
tal potassium reduces polyuria, hypo-osmolality of |ithjum therapy.

and lithium-induced structural abnormalitié%?=] Thus, for the vast majority of treated patients,

Potassium may reverse lithium-induced polyuriaihe effects of lithium on renal function do not lead
by increasing the fractional reabsorption of wateriy serious morbidity. For those patients who are
in the distal tubule by reversing the antidiuretic penefited by lithium, the risk-benefit ratio is over-
hormone effects of lithiufi¥l The results of 1 \helmingly in favour of continuing treatment. Be-
small open case seri€¥ support this approach by cause a few patients show either slowly increasing
demonstrating that adjunctive potassium signifi-serum creatinine levels and a rare few progress to
cantly decreased 24-hour urine volume fromiithium-induced chronic renal failure, however,
3856ml (926) to 2618ml £994) and increased monitoring of renal function in lithium-treated pa-
urine osmolality from 239 mmol/kgtB9) to 361 tients is still recommended. The tubular dysfunc-
mmol/kg ¢&127). Suggested dosages of adjunctivetion may be minimised by once daily administra-
potassium are 20 to 60 mmol/day taken in the forntion, avoiding episodes of lithium toxicity and
of supplements or by increasing dietary intake. Itpossibly adjunctive potassium treatment. Whether
has also been proposed that amiloride, the potashese measures will minimise the risk of the rare
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cases of lithium-induced chronic renal failure is 22.

still unclear.

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Schou M. Effects of long-term lithium treatment on kidney

23.

References

American Psychiatric Association. Practice guideline for the
treatment of patients with bipolar disorder. Am J Psychiatry
1994, 151: 1-31

. Hestbech J, Hansen HE, Amdisen A, et al. Chronic renal lesions

following long-term treatment with lithium. Kidney Int 1977; 25

12: 205-13

. Boton R, Gaviria M, Batlle DC. Prevalence, pathogenesis, and 26.

treatment of renal dysfunction associated with chronic lithium
therapy. Am J Kidney Dis 1987, 5: 329-45

function: an overview. J Psychiatr Res 1988; 22: 287-96

. Waller DG, Edwards JG. Lithium and the kidney: an update. 28

Psychol Med 1989; 19: 825-31

. Thomsen K. Renal handling of lithium: basic concepts and pres-

ent status. In: Christensen S, editor. Lithium and the kidney:
lithium therapy monographs. Vol. 3. New York (NY): Karger,
1990: 2-18

. Leyssac PP, Frederiksen O, Holstein-Rathlou NH. Renal tubular

transport of lithium. In: Christensen S, editor. Lithium and the
kidney: lithium therapy monographs. Vol. 3. New York (NY): 3
Karger, 1990: 19-33

. Singer |, Oster JR, Fishman LM. The management of diabetes31-

insipidus in adults. Arch Intern Med 1997; 157: 1293-301

. Wahlin A, Bucht G, Von Knorring L, et al. Kidney function in
patients with affective disorders with and without lithium ~ 32.

therapy. Int Pharmacopsychiatry 1980; 16: 253-9
Coppen A, Bishop ME, Bailey JE, et al. Renal function in lith-

jum and non-lithium-treated patients with affective disorders. 33

Acta Psychiatr Scand 1980; 62: 343-55

Gelenberg AJ, Wojcik JD, Falk WE, et al. Effects of lithium on  34-

the kidney. Acta Psychiatr Scand 1987; 75: 29-34
Vestergaard P, Amdisen A. Lithium treatment and kidney func-
tion. Acta Psychiatr Scand 1981; 63: 333-45
DePaulo Jr RJ, Correa El, Sapir DG. Renal function and lith-
ium: a longitudinal study. Am J Psychiatry 1986; 143: 892-5

Hetmar O, Clemmesen L, Ladefoged J, et al. Lithium: long-term 36.

effects on the kidney. Acta Psychiatr Scand 1987; 75: 251-8
Johnson GFS, Hunt GE, Daggin GG, et al. Renal function and

lithium treatment: initial and follow-up tests in manic-depres- 37.

sive illness. J Affect Disord 1984; 6: 249-63
Smigan L, Gucht G, Von Knorring L, et al. Long-term lithium

treatment and renal functions. Neuropsychobiology 1984; 11: 38.

33-8

Waller DG, Edwards JG, Papsthatis-Papayanni S. Longitudinal 39.

assessment of renal function during treatment with lithium. Q
J Med 1988; 68: 553-8

Bendz H, Aurell M, Balldin J, et al. Kidney damage in long-term  40.

lithium patients: a cross-sectional study of patients with 15
years or more on lithium. Nephrol Dial Transplant 1994; 9:
1250-4

Coskunol H, Vahip S, Mees ED, et al. Renal side-effects of
long-term lithium treatment. J Affect Disord 1997; 43: 5-10

Conte G, Vazzola A, Sacchetti E. Renal function in chronic
lithium-treated patients. Acta Psychiatr Scand 1989; 79:
503-4

Nilsson A, Axelsson R. Effects of long-term lithium treatment
on thyroid and renal function (serum creatinine and maximal

urine osmolality) — a prospective study in psychiatric patients. 44.

Curr Ther Res 1989; 46: 85-102

O Adis International Limited. All rights reserved.

24.

27.

41.

42.

43.

Jorkasky DK, Amsterdam JD, Oler J, et al. Lithium-induced
renal disease: a prospective study. Clin Nephrol 1988; 30:
293-302

Hetmar O, Povisen UJ, Ladefoged J, et al. Lithium: long-term
effects on the kidney: a prospective follow-up study ten years
after kidney biopsy. Br J Psychiatry 1991; 158: 53-8

Kallner G, Peterson U. Renal, thyroid and parathyroid function
during lithium treatment: laboratory tests in 207 people
treated for 1-30 years. Acta Psychiatr Scand 1995; 91: 48-51

. Waller DG, George JG. Lithium and the kidney. Adverse Drug

React Acute Poisoning Rev 1984; 3: 65-89

Bucht G, Wahlin A. Renal concentrating capacity in long-term
lithium treatment and after withdrawal of lithium. Acta Med
Scand 1980; 207: 309-14

Bendz H. Kidney function in a selected lithium population: a
prospective, controlled, lithium-withdrawal study. Acta Psy-
chiatr Scand 1985; 72: 451-63

. Bendz H, Sjodin I, Aurell M. Renal function on and off lithium

in patients treated with lithium for 15 years or more: a con-
trolled, prospective lithium-withdrawal study. Nephrol Dial
Transplant 1996; 11: 457-60

29. Schuster VL, Seldin DW. Renal clearance. In: Seldin DW,

Giebisch G, editors. The kidney: physiology and pathophys-
iology. 2nd ed. New York, (NY): Raven Press, 1992: 943-78

0. Gaspari F, Perico N, Remuzzi G. Measurement of glomerular

filtration rate. Kidney Int 1997; 52: S-151-4

Bendz H, Andersch S, Aurell M. Kidney function in an unse-
lected lithium population. Acta Psychiatr Scand 1983; 68:
325-34

Bosquet S, Descombes E, Gauthier T, et al. Nephrotic syndrome
during lithium therapy. Nephrol Dialysis Transplant 1997; 12:
2728-31

Gill DS, Chhetri M, Milne JR. Nephrotic syndrome associated
with lithium therapy. Am J Psychiatry 1997; 154: 1318-9

Hansen HE, Hestbech J, Sorensen JL, et al. Chronic interstitial
nephropathy in patients on long-term lithium treatment. Q J
Med 1979; 192: 577-91

35. Albrecht J, Kampf D, Muller-Oberlinghausen B. Renal function

and biopsy in patients on lithium-therapy. Pharmaco-
psychiatry 1980; 13: 228-34

Aurell M, Svalander C, Wallin L, et al. Renal function and bi-
opsy findings in patients on long-term lithium treatment. Kid-
ney Int 1981; 20: 663-70

Walker RG, Bennett WM, Davis BM. Structural and func-
tional aspect of long-term lithium therapy. Kidney Int 1982;
21:513-9

Walker RG, Dowling JF, Alcorn D, et al. Renal pathology asso-
ciated with lithium therapy. Pathology 1983; 15: 404-11

Jorgensen F, Larsen S, Spanager E, et al. Kidney function and
quantitative histological changes in patients on long-term lith-
ium therapy. Acta Psychiatr Scand 1984; 70: 347-55

Davies B, Kincaid-Smith P. Renal biopsy studies of lithium and
prelithium patients and comparison with cadaver transplant
kidneys. Neuropharmacology 1979; 18: 1001-2

Walker RG, Escott M, Birchall I, et al. Chronic progressive
renal lesions induced by lithium. Kidney Int 1986; 29: 875-81

Lokkegaard H, Andersen NF, Henriksen E, et al. Renal function
in 153 manic-depressive patients treated with lithium for
more than five years. Acta Psychiatr Scand 1985; 71: 347-55

Stancer HC, Forbath N. Hyperparathyroidism, hypothyroidism
and impaired renal function after 10 to 20 years of lithium
treatment. Arch Intern Med 1989; 149: 1042-5

Gitlin MJ. Lithium-induced renal insufficiency. J Clin Psy-
chopharmacol 1993; 13: 276-9

Drug Safety 1999 Mar; 20 (3)



Lithium and Renal Disease

243

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Von Knorring L, Wahlin A, Nystrom K, et al. Uraemia induced 62.

by long-term lithium treatment. Lithium 1990; 1: 251-3

Chugh S, Yager H. End stage renal disease following lithium
therapy. J Clin Psychopharmacol 1997; 17: 495-7

Bucht G, Wahlin A, Wentzel, et al. Renal function and morphol-
ogy in long-term lithium and combined lithium-neuroleptic
treatment. Acta Med Scand 1980; 208: 381-5

Lessen E, Vestergaard P, Thomsen K. Renal function of patients
in long-term treatment with lithium citrate alone or in combi-

nation with neuroleptics and antidepressant drugs. Arch Gen 65.

Psychiatry 1986; 43: 481-2

Bendz H, Sjodin I, Toss G, et al. Hyperparathyroidism and long-
term lithium therapy — a cross-sectional study and the effect
of lithium withdrawal. J Intern Med 1996: 240: 357-65

Racke F, Mc Henry CR, Wentworth D. Lithium-induced alter-
ations in parathyroid cell function: insight into the pathogen-
esis of lithium-associated hyperparathyroidism. Am J Surg
1994; 168: 464-5

Schou M, Amdisen A, Thomsen K, et al. Lithium treatment
regimen and renal water handling: the significance of dosage
pattern and tablet examination through comparison of results 69
from two clinics and different treatment regimens. Psy-
chopharmacol 1982; 77: 387-90

Plenge P, Mellerup ET, Bolwig TG, et al. Lithium treatment:
does the kidney prefer one daily dose instead of two? Acta
Psychiatr Scand 1982; 66: 121-8

Plenge P, Mellerup ET. Lithium and the kidney: is one daily

67

dose better than two? Compr Psychiatry 1986; 27: 336-42 72,

Hetmar O, Bolwig, TG Brun C, et al. Lithium: long-term effects
on the kidney. Acta Psychiatr Scand 1986; 73: 574-81

Hetmar O, Brun C, Clemmesen L, et al. Lithium: long-term 73.

effects on the kidney: II: structural changes. J Psychiatr Res
1987; 21: 279-88
Bowen RC, Grof CM, Grof E. Less frequent lithium adminis-

tration and lower urine volume. Am J Psychiatry 1991; 148: 74.

189-92

Plenge P, Mellerup ET, Norgaard T. Functional and structural 75.

rat kidney changes caused by peroral or parenteral lithium
treatment. Acta Psychiatr Scand 1981, 63: 303-13

Lauritsen BJ, Mellerup ET, Plenge P, et al. Serum lithium con- 76.

centrations around the clock with different treatment re-
gimens and the diurnal variation of the renal lithium
clearance. Acta Psychiatr Scand 1981; 64: 314-9

Amdisen A. Monitoring of lithium treatment through deter-
mination of lithium concentration. Dan Med Bull 1975; 22:
277-90

63.

64.

71.

7.

Muir A, Davidson R, Silverstone T, et al. Two regimens of
lithium prophylaxis and renal function. Acta Psychiatr Scand
1989; 80: 579-83

Kusalic M, Engelsmann F. Renal reactions to changes of lithium
dosage. Neuropsychobiology 1996; 34: 113-6

Jensen HV, Plenge P, Mellerup ET, et al. Lithium prophylaxis
of manic-depressive disorder: daily lithium dosing sched-
ule versus every second day. Acta Psychiatr Scand 1995;
92: 69-74

Jensen HV, Davidsen K, Toftegaard L, et al. Double-blind com-
parison of the side-effect profiles of daily versus alternate-day
dosing schedules in lithium maintenance treatment of manic-
depressive disorder. J Affect Disord 1996; 36: 89-93

. Vestergaard P, Thomsen K. Renal side effects of lithium: the

importance of the serum lithium level. Psychopharmacology
1981; 72: 203-4

. Gelenberg AJ, Bassak EL, Schoonover SC. The practitioners

guide to psychoactive drugs. 3rd ed. New York (NY): Plenum,
1991

68. Gitlin M. The psychotherapist’s guide to psychopharmacology.

2nd ed. New York (NY): Free Press, 1996

. Schou M. Forty years of lithium treatment. Arch Gen Psychiatry

1997; 54: 9-15

70. Schou M, Hansen HE, Thomsen K, et al. Lithium treatment in

Aarhus: 2: risk of renal failure and of intoxication. Phar-
macopsychiatry 1989; 22: 101-3

Harvey NS, Merriman S. Review of clinically important drug
interactions with lithium. Drug Saf 1994; 10: 455-63

Jefferson JW. Potassium supplementation in lithium patients: a
timely intervention or premature speculation? J Clin Psychi-
atry 1992; 53: 370-2

Olesen QV. The effects of potassium on the renal actions of
lithium in rats. In: Christensen S, editor. Lithium and the kid-
ney: lithium therapy monographs. Vol. 3. New York (NY):
Karger, 1990: 164-73

Olesen OV. The effect of potassium on some nephrotoxic ac-
tions of lithium in rats. Dan Med Bull 1984; 31: 270-82

Musa MN, Tripuraneni BR. Lithium-induced polyuria amel-
iorated by potassium supplementation. Lithium 1993; 4:
199-203

Batlle DC, Von Riotte AB, Gaviria M, et al. Amelioration of
polyuria by amiloride in patients receiving long-term lithium
therapy. N Engl J Med 1985; 312: 409-14

Jefferson JW. Lithium: a therapeutic magic wand. J Clin Psy-
chiatry 1989; 50: 81-6

O’Donovan C, Hawkes J, Bowen R. Effect of lithium dosing
schedule on urinary output. Acta Psychiatr Scand 1993; 87:
92-5

Correspondence and reprints: Dr Michael Gitlin, Depart-
ment of Psychiatry, Ambulatory Care Clinics, 300 UCLA

Abraham G, Waldron JJ, Lawson JS. Are the renal effects ofViedical Plaza, Suite 2200, Los Angeles, CA 90095-6967,
lithium modified by frequency of administration? Acta Psy- USA.

chiatr Scand 1995; 92: 115-8

O Adis International Limited. All rights reserved.

E-mail: MGitlin@NPIH.medsch.ucla.edu

Drug Safety 1999 Mar; 20 (3)



	Contents 231
	Abstract 231
	1. Effect on Renal Function 232
	1.1 Effect on Tubular Function 232
	1.1.1 Early Cross-Sectional Studies 232
	1.1.2 Early Longitudinal Studies 232
	1.1.3 Recent Cross-Sectional Studies 233
	1.1.4 Recent Longitudinal Studies 233
	1.1.5 Renal Function After Lithium Discontinuation 233

	1.2 Effect on Glomerular Function 233
	1.2.1 Earlier Studies 234
	1.2.2 Recent Cross-Sectional Studies 236
	1.2.3 Recent Longitudinal Studies 237
	1.2.4 Other Glomerular Effects 237
	1.2.5 Renal Function After Lithium Discontinuation 237


	2. Biopsy Studies of Lithium-Treated Patients 237
	3. Lithium-Induced Renal Insufficiency 238
	4. Risk Factors for Lithium-Induced Renal Changes 238
	5. Management and Prevention Strategies 240
	6. Conclusion 241
	References 242
	Correspondence and reprints 243
	E-mail 243

