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Abstract Lithium has been used for the management of

psychiatric illnesses for over 50 years and it continues to

be regarded as a first-line agent for the treatment and

prevention of bipolar disorder. Lithium possesses a narrow

therapeutic index and comparatively minor alterations in

plasma concentrations can have significant clinical seque-

lae. Several drug classes have been implicated in the

development of lithium toxicity over the years, including

diuretics and non-steroidal anti-inflammatory compounds,

but much of the anecdotal and experimental evidence

supporting these interactions is dated, and many newer

medications and medication classes have been introduced

during the intervening years. This review is intended to

provide an update on the accumulated evidence docu-

menting potential interactions with lithium, with a focus on

pharmacokinetic insights gained within the last two dec-

ades. The clinical relevance and ramifications of these

interactions are discussed.

Key Points

Research and clinical evidence accumulated over the

past 20 years has implicated many medication

classes in the development of lithium toxicity,

including diuretics, non-steroidal anti-inflammatory

drugs, ACE inhibitors, angiotensin II receptor

antagonists (blockers), antiepileptic drugs, and

possibly antidepressants and antipsychotics.

The majority of evidence associating medications

with lithium toxicity consists of case reports,

observational studies, and small prospective trials.

Few controlled comparative studies have been

published to date.

Drug interactions with lithium can be somewhat

unpredictable and caution is advised whenever any

medication is combined with lithium, particularly in

elderly populations and those with compromised

renal function, electrolyte abnormalities, or

dehydration.

1 Introduction

Lithium salts have been administered for the treatment and

prevention of mood disorders for over 60 years [1]. From

the outset, it was evident that lithium was associated with a

wide variety of potential toxicities but clinicians and

researchers also realized that this medication demonstrated

unprecedented therapeutic potential for ameliorating epi-

sodes of both mania and depression. Over time, other

medications were identified that possessed mood-stabiliz-

ing properties and appeared to have a wider therapeutic
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index than lithium, leading to a sharp decline in the pop-

ularity of this older compound.

In recent years, the clinical utility of lithium has

undergone a renaissance of sorts due, in part, to longitu-

dinal data demonstrating that lithium had a more favorable

effect on suicidality than other mood stabilizers [2, 3].

Newfound concerns about the safety and long-term efficacy

of these compounds contributed to the ascension of lithium

as well [4]. Today, lithium is regarded as a first-line agent

for the prophylaxis of bipolar disorder, but the safe and

efficacious use of this medication demands a comprehen-

sive understanding of its pharmacokinetic disposition,

adverse effect potential, and the relative risk (RR) of drug

interactions [5, 6].

2 Pharmacology of Lithium

Lithium is a monovalent cation and the third element

featured on the periodic table. It is quite abundant in nat-

ure, frequently found in groundwater, and the concentra-

tion of lithium circulating in the human body is

approximately 2.5 lEq/L or roughly 1/500th of the rec-

ommended plasma level for a patient with bipolar disorder

[7]. Interestingly, several studies have analyzed a potential

association between the concentration of lithium in tap

water and the incidence of violent behavior in society,

consistently reporting that higher concentrations are cor-

related with less suicidality, homicidality, and rape [8–10].

Researchers have also uncovered compelling evidence that

lithium may have neuroprotective effects, implying that it

may have beneficial or prophylactic benefit for Alzhei-

mer’s dementia and other neurodegenerative conditions

[11]. Others have theorized that it may aid recovery from

traumatic brain injury as well [12].

In spite of the relatively long history of the medicinal

use of lithium, a single cogent explanation for its psychi-

atric effects remains elusive. Researchers laboring under

the monoamine hypothesis for mood disorders have

reported that lithium enhances serotonin activity by several

mechanisms, including increased synthesis of the neuro-

transmitter, inhibition of presynaptic serotonin 5-HT1A

autoreceptors, and downregulation of postsynaptic 5-HT2

receptors [13]. Evidence exists to suggest that lithium may

facilitate norepinephrine release and enhance glutamatergic

activity as well [14, 15]. Researchers have focused more

intently on the effect of lithium on second messenger

systems in recent years, reporting an inhibition of inositol

monophosphatase and, ultimately, inositol depletion [16].

Lithium is also known to reduce protein kinase C activity,

ultimately altering neurotransmission through effects on

genomic expression [17]. There is also evidence to suggest

that lithium may stimulate neurogenesis through indirect

actions on neural growth factors [18].

3 Pharmacokinetics of Lithium

3.1 Absorption

Lithium is generally administered as an oral salt formula-

tion containing either lithium carbonate (tablets or capsules

in immediate-release or sustained-release preparations) or

lithium citrate (liquid preparation). Both of these salt for-

mulations dissociate in the upper gastrointestinal tract,

releasing the lithium ion, which is rapidly and completely

absorbed primarily through passive diffusion [19]. The

absorption process is slowed somewhat by the presence of

food in the stomach, which may explain the decrease in

gastrointestinal adverse effects commonly reported when

lithium is administered after meals [20]. Maximal con-

centrations of the immediate-release preparations are usu-

ally seen approximately 1–2 h after administration, and

sustained-release preparations have been reported to peak

5–6 h after ingestion [21].

3.2 Distribution

As a water-soluble monovalent cation, lithium is not bound

to plasma proteins and distributes widely throughout the

body following oral absorption. The final volume of dis-

tribution for lithium approximates that of total body water

(0.79 L/kg), but concentrations of the ion can vary sub-

stantially depending on the tissue or compartment sampled.

The concentration of lithium in circulation (or the central

compartment) is approximately twice that found in red

blood cells, muscle or cerebrospinal fluid, and approxi-

mately equivalent to concentrations in heart or lung tissue

[22, 23]. This complex and prolonged distribution phase is

truly multicompartmental. For the purposes of pharma-

cokinetic modeling, however, lithium’s distribution is

described as two-compartment, with the chaotic alpha

phase lasting approximately 8 h, and the linear beta phase

ensuing thereafter. The practical relevance of this distinc-

tion is that clinicians are advised to wait until the alpha

phase has been completed until sampling from the central

compartment (i.e., 10 h after oral administration).

Lithium must cross the blood–brain barrier to exert ther-

apeutic effects but the process is delayed somewhat, with

peak concentrations occurring approximately 24 h after oral

administration There is much variability in regards to the

ratio of concentrations in the central nervous system (CNS)

to plasma, but brain concentrations are roughly 50 % lower

than the periphery once steady state has been achieved [22].
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Lithium concentrations also vary substantially within CNS

compartments but the clinical significance of this phe-

nomenon is unclear. The efflux of lithium out of the CNS is

also delayed, resulting in a CNS terminal half-life that is

6–12 h longer than in plasma. This may explain, to some

extent, the persistence of neurotoxicities long after plasma

concentrations have dropped to subtherapeutic levels.

3.3 Elimination

Lithium is not metabolized and is eliminated almost

entirely via renal means. Consequently, plasma concen-

trations are exquisitely sensitive to physiological factors

effecting renal function such as age, dehydration, sodium

balance, and hemodynamics. Lithium is filtered entirely by

the glomerulus and 75 % of the ion is reabsorbed in the

renal tubule [24]. As a result, lithium clearance equates to

approximately one-quarter of the glomerular filtration rate

(GFR). The majority of this reabsorption occurs in the

proximal tubule in a manner very similar to the renal

handling of sodium [25]. Lithium also appears to undergo

distal reabsorption in the collecting duct [25].

The serum half-life of lithium is approximately 24 h in

young healthy subjects, and steady-state dynamics are

ordinarily achieved within 3–4 days in the central com-

partment [26, 27]. Individuals who are elderly or renally

impaired may have terminal half-lives of 48 h or longer,

and steady-state concentrations may not be achieved for a

week or more.

3.4 Therapeutic Drug Monitoring

Due to the prolonged distribution phase, it is recommended

that plasma samples be obtained at least 10 h after the last

lithium dose [28]. Clinicians are also advised to verify that

patients have achieved steady-state dynamics prior to

obtaining samples (i.e., lithium dosed at regular intervals

for minimum of 3 half-lives).

Controversies continue to exist regarding a recom-

mended therapeutic range for lithium concentrations in the

plasma [23]. Back in 1967, researchers Schou and Baastrup

[29] recommended that clinicians maintain steady-state

concentrations within a range of 0.6–1.5 mEq/L. Recent

guidelines in Europe (from the National Institute for Health

and Clinical Excellence [NICE]) recommend a much nar-

rower plasma concentration of 0.6–0.8 mEq/L, while those

published in the USA advocate for slowly titrating into a

range of 0.5–1.2 mEq/L [30, 31]. As the risk of adverse

effects clearly increases with higher concentrations, a rea-

sonable approach for acute treatment may be to empirically

titrate to a target steady-state concentration of 0.8 mEq/L

and adjust dosing requirements based on tolerability and

therapeutic effects in a patient-specific manner.

Recommendations also differ in regards to acute versus

maintenance lithium treatment with some investigators

suggesting that lower concentrations be maintained for

prophylaxis (as opposed to active treatment). In an effort to

resolve this controversy, a large prospective study was

conducted that compared relapse rates for patients main-

tained at a concentration of 0.4–0.6 mEq/L versus those

assigned to achieve a concentration of 0.8–1.0 mEq/L [32].

Patients in the lower concentration range were found to be

three times more likely to relapse into manic states, sup-

porting the maintenance of comparatively higher concen-

trations for optimal outcomes.

While there is clearly a correlation between plasma

concentrations and both clinical and toxic effects, the

therapeutic action of lithium is ultimately mediated in the

CNS where quantification of concentrations is impractical

at the present time. It is worthwhile to note, however, that

researchers have successfully quantified CNS concentra-

tions of lithium through magnetic resonance spectroscopy

and reported stronger associations with brain levels than

those found in the periphery [33].

As mentioned previously, lithium appears to have a

relatively narrow therapeutic index, with symptoms of

toxicity often manifest after relatively minor increases in

plasma concentrations. Mild symptoms of acute toxicity

include a worsening tremor, diarrhea, nausea, sedation, and

confusion. These symptoms may progress to dysarthria,

ataxia, delirium, arrhythmias, seizures, and acute renal

failure as levels continue to increase. Lithium intoxication

can be described as either acute or chronic in nature, with

acute toxicity often precipitated by an overdose (intentional

or accidental), and chronic toxicity developing over a

period of several days or weeks as lithium accumulates in

the peripheral compartments. Chronic toxicity appears to

carry a much worse prognosis due to the saturation of

peripheral compartments such as the cerebellum, and

irreversible symptoms of toxicity may occur.

There are also pronounced differences in the sensitivity to

lithium toxicity among patient populations. Sensitivity is

particularly pronounced in elderly patients, who are often

unable to tolerate plasma concentrations toward the upper

limits of the recommended therapeutic range (e.g.,[1.0

mEq/L) [34, 35]. Similarly, pediatric patients are often more

inclined to experience adverse effects at plasma concentra-

tions that are generally well-tolerated in adults [36].

4 Drug Interactions with Lithium

Given the remarkable sensitivity of individuals to fluctu-

ating lithium concentrations and the plethora of conditions

that may alter lithium disposition, it is not surprising that

there is ample concern over the coadministration of
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medications that may alter lithium disposition and either

precipitate toxicity or lead to relapse. As lithium is not

metabolized, these interactions do not involve biotrans-

formation through enzyme systems such as cytochrome

P450. Most often, lithium interactions occur through the

direct effect of other medications upon renal function and

GFRs, which ultimately impacts its disposition and renal

handling. The remainder of this article is devoted to a

summary of the current medical literature documenting

drug interactions that have been reported with concurrent

lithium administration. Overall, the preponderance of evi-

dence is circumstantial, consisting of case reports, retro-

spective observations, and a few small comparative trials,

but as this body of literature has accumulated over the past

50 years, the RR of drug interactions posed by certain

compounds has emerged and may guide us in optimizing

the safe and efficacious use of this unique and invaluable

psychotherapeutic agent.

For the purposes of this review, the author searched

PubMed (1966–2015), EMBASE (1980–2015), Google

Scholar�, and the Cochrane Library database using the

MeSH terms lithium, toxicity, drug interactions, thera-

peutic drug monitoring, and their associated medication

classes (e.g., diuretics, Non-steroidal anti-inflammatory

drugs (NSAIDs), ACE inhibitors, Angiotensin II receptor

antagonists (ARBs), Antiepileptic Drugs (AEDs), antide-

pressants, and antipsychotics). In addition, the author

cross-checked references and citations from previous

reviews of lithium toxicity, therapeutic drug monitoring,

and drug interactions.

A summary of the medication classes and their risk of

interactions with lithium is given in Table 1. Table 2

provides a definition of the risk ratings.

4.1 Diuretics

Some of the earliest evidence of drug interactions with

lithium can be found with the coadministration of diuretics,

though effects vary depending on the class of diuretics in

question. Thiazide diuretics have been demonstrated to

increase steady-state lithium concentrations by approxi-

mately 20–25 %, whereas loop diuretics and potassium-

sparing diuretics appear to have less of an effect on lithium

disposition under controlled conditions. Osmotic diuretics

cause a more robust decrease in lithium concentrations and

were once used as an antidote for lithium intoxication. A

more indepth discussion of the effects of diuretics on the

pharmacokinetics of lithium can be found in Sects. 4.1.1–

4.1.5.

4.1.1 Thiazide Diuretics

Initial reports describing lithium intoxication in patients

receiving thiazide diuretics began appearing in the 1970s,

Table 1 Summary of

medication classes and risk of

lithium interactions

Medication class Effect on lithium

concentrationa
Risk

ratingb
Comment

Diuretics

Thiazides :: D

Loops :–:: C : Risk if elderly, medical co-

morbidities

K? sparing No effect A

Osmotic ;;; C

Methyl xanthine ;;; C

ACE inhibitors :: D Delayed toxicity; : risk if elderly

ARBs : C

NSAIDs :–:: C Variable effects; caution with all

Antidepressants No effect B Rare 5-HT syndrome

Antipsychotics No effect B Rare neurotoxicity

AEDs No effect B Rare neurotoxicity with

carbamazepine

Neuromuscular blockers No effect C Prolonged neuromuscular blockade

Calcium channel antagonists

(blockers)

No effect C : Intracellular lithium (?)

AEDs antiepileptic drugs, ARBs angiotensin II receptor antagonists (blockers), NSAIDs non-steroidal anti-

inflammatory drugs
a Impact on lithium concentrations: : (0–20 %); :: (20–40 %); ::: (40–60 %); :::: ([60 %); ;;;
(40–60 %)
b Risk rating adapted from Lexi-interact data fields [185]; see Table 2
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with chlorothiazide, hydrochlorothiazide, chlorthalidone,

and bendrofluazide all implicated in the medical literature

[37–40]. The precipitation of lithium toxicity was rela-

tively rapid in these reports, and the symptoms usually

reversed within a few days upon discontinuation. One

notable exception to this pattern, however, can be found in

the case report published by Macfie [38] where a 66-year-

old developed serious neurologic sequelae after exposure

to a combination diuretic (amiloride and hydrochloroth-

iazide) that persisted for the duration of the 7-week follow-

up. In this case, as well as all others located in the litera-

ture, the absolute magnitude of lithium elevation was dif-

ficult to determine due to incomplete information reported

on oral dosing and plasma sampling.

The impact of thiazide diuretics on lithium disposition

was eventually studied in several small investigations that

demonstrated a consistent and significant decline of

20–25 % in clearance values [41–45]. Petersen et al. [41]

conducted the first open-label prospective trial in human

models, describing the effects of long-term thiazide

administration. Twenty-two subjects who had been

receiving either hydroflumethiazide or bendrofluazide were

given 600 mg oral dosages of lithium carbonate on two

successive days and clearance values were compared to

pharmacokinetic parameters obtained 2 months after stop-

ping thiazides. The authors reported a mean 21 % decrease

in lithium clearance (and corresponding 24 % increase in

plasma concentrations) among patients receiving concur-

rent thiazides. Another small investigation examined the

impact of chlorothiazide in four healthy volunteers, with a

26 % decrease in lithium clearance reported [42].

Himmelhoch et al. [43] published the results of a ret-

rospective investigation of 12 subjects who had been

receiving various dosages of chlorothiazide for

nephrogenic diabetes insipidus. The authors calculated a

60 % decrease in lithium clearance values, though plasma

sampling was conducted 3–4 h after oral dosing, a time-

frame corresponding to the extensive distribution phase of

the drug when pharmacokinetic interpretation is

compromised.

In 1979, Jefferson and Kalin [44] conducted a more

rigorous investigation of the impacts of diuretics on lithium

disposition, exposing lithium-treated patients to furosemide

and hydrochlorothiazide, respectively, in a crossover,

open-label fashion . A total of five healthy young subjects

completed the 6-week investigation. Lithium clearance

values were not significantly different from baseline when

furosemide (40 mg daily) was administered concurrently.

However, the combination of hydrochlorothiazide (50 mg

daily) and lithium resulted in a 22 % decrease in clearance,

which was significantly different from baseline values as

well as during concurrent furosemide administration.

From a methodological perspective, Crabtree et al. [45]

conducted the most impressive study to date, completing a

randomized controlled trial comparing the effects of

hydrochlorothiazide and furosemide in 13 healthy young

subjects. The results of this investigation were remarkably

consistent with the Jefferson and Kalin [44] trial, reporting

a 19 % decrease in lithium clearance during

hydrochlorothiazide administration (vs. baseline values)

and no significant alteration in lithium distribution when

furosemide was administered.

Although data documenting the effect of thiazide

diuretics on lithium clearance are limited to several pub-

lished case reports and a few small controlled trials in

relatively healthy subjects, the impact on lithium disposi-

tion appears to be significant and potentially dangerous.

For some patients, this elevation may impose serious

Table 2 Risk rating definitions (adapted from Lexi-Interact Data Fields [185])

Risk

rating

Action Description

A No interaction Data have not demonstrated either pharmacodynamic or pharmacokinetic interactions between the specified agents

B No action

needed

Data demonstrate that the specified agents may interact with each other, but there is little to no evidence of clinical

concern resulting from their concomitant use

C Monitor

therapy

Data demonstrate that the specified agents may interact with each other in a clinically significant manner. The

benefits of concomitant use of these two medications usually outweigh the risks. An appropriate monitoring plan

should be implemented to identify potential negative effects. Dosage adjustments of one or both agents may be

needed in a minority of patients

D Modify

regimen

Data demonstrate that the two medications may interact with each other in a clinically significant manner. A

patient-specific assessment must be conducted to determine whether the benefits of concomitant therapy outweigh

the risks. Specific actions must be taken in order to realize the benefits and/or minimize the toxicity resulting from

concomitant use of the agents. These actions may include aggressive monitoring, empiric dosage changes,

choosing alternative agents

X Avoid

combination

Data demonstrate that the specified agents may interact with each other in a clinically significant manner. The risks

associated with concomitant use of these agents usually outweigh the benefits. These agents are generally

considered contraindicated
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clinical consequences due to the narrow therapeutic index

of the mood stabilizer, but the identification of individuals

who may be uniquely predisposed to this interaction is not

yet evident. At the present time, clinicians are best advised

to avoid adding thiazide diuretics to patients previously

stabilized on lithium treatment. If thiazides must be initi-

ated, it would seem prudent to reduce lithium daily dosages

by 25–50 % and obtain plasma concentrations once a new

steady-state concentration has been achieved (i.e.,

approximately 1 week after the initiation of thiazide in

younger patients without evidence of renal or hemody-

namic compromise).

4.1.2 Loop Diuretics

From a hemodynamic perspective, the pharmacologic

effects of loop diuretics are generally considered to be

more potent than thiazides. Initial physiology studies in

rats, however, actually reported an increase in lithium

clearance values when loop diuretics were introduced [46,

47]. In addition, small comparative studies in humans

found that thiazides had a more profound effect on

decreasing lithium clearance, while furosemide had negli-

gible effects on lithium disposition [44, 45, 48]. One

plausible explanation for this apparent discrepancy

involves the anatomical site of diuretic activity. Thiazides

act by inhibiting sodium reabsorption in the distal tubule,

triggering a compensatory increase in sodium and lithium

reabsorption in the proximal tubule. In contrast, loop

diuretics such as furosemide and bumetanide exert their

direct effects more proximally in the ascending limb of the

loop of henle and, since distal lithium reabsorption is

minimal, compensatory increases in lithium transport are

not ordinarily observed [49].

In 1968 Thomsen and Schou [50] examined the effects

of several medications on lithium disposition in six healthy

human subjects. A single 600 mg oral dose of lithium

carbonate was administered and baseline clearance values

were calculated. Subjects then sequentially received con-

current medications such as furosemide, bendroflumethi-

azide, ethacrynic acid, spironolactone, acetazolamide, urea,

and theophylline. The authors reported an 11 % decrease in

lithium clearance following furosemide exposure (not sta-

tistically significant, or NS), as well as a 2 % decrease with

bendroflumethiazide (NS), a 2 % increase with ethacrynic

acid (NS), a 16 % increase with spironolactone (NS), a

31 % increase with acetazolamide (p\ 0.05), a 36 %

increase with urea (p\ 0.05), and a 58 % increase fol-

lowing theophylline (p\ 0.05).

Unfortunately, the safety of combining loop diuretics

with lithium in clinical practice cannot be assured. Multiple

case reports have been published over the years describing

the precipitation of lithium toxicity following exposure to

loop diuretics [40, 51, 52]. Interestingly, all of these case

reports featured elderly subjects (age range: 63–72 years)

with other medical illnesses, suggesting the possibility that

loop diuretics may be more likely to impair lithium elimi-

nation among individuals with conditions such as hyper-

tension, congestive heart failure, renal compromise, or

sodium-restricted diets. More recently, Juurlink et al. [53]

conducted a large retrospective case-control study of

patients maintained on lithium in the Canadian national

health database. Cases were patients who were admitted to

hospital for presumed lithium intoxication (3.9 % of the

lithium-treated population overall) while controls were

beneficiaries stabilized on lithium without evidence of

toxicity. After multivariate analysis, researchers reported

that the highest RR for lithium toxicity was found in

patients starting loop diuretics (RR = 5.5; 95 % confidence

interval [CI] 1.9–16.1) and ACE inhibitors (RR = 7.6;

95 % CI 2.6–22.0), while exposure to thiazides or non-

steroidal anti-inflammatory drugs (NSAIDs) was not asso-

ciated with a statistically significant risk. Although study

findings were hampered by relatively small sample size for

the case cohort, as well as various selection biases, the

conclusions did add further evidence that the risk of adding

loop diuretics to patients stabilized on lithium therapy may

be enhanced in older populations, as well as those with co-

morbid medical conditions or sodium-restricted diets.

4.1.3 Potassium-Sparing Diuretics

Amiloride has long been used clinically as an antidote for

lithium-induced nephrogenic diabetes insipidus, an adverse

effect experienced by nearly 50 % of patients receiving

long-term lithium treatment [54, 55]. Two retrospective

open-label studies and one recent randomized controlled

trial have demonstrated that amiloride is not only effective

for decreasing urinary volume but also lacks any appre-

ciable effects on serum concentrations of lithium or other

electrolytes [56–58].

The relative safety of administering spironolactone to

patients stabilized on lithium has not been extensively

explored. In the investigation conducted by Thomsen and

Schou [50], spironolactone was reported to increase lithium

clearance by 16 % (i.e., decrease the lithium concentration

by 20 %), a difference which was not statistically different

from baseline values. An earlier study also examined the

effect of spironolactone on lithium and reported equivocal

findings [59]. While the investigators witnessed a consis-

tent increase in serum lithium concentrations, the urinary

excretion rate for lithium remained unchanged, suggesting

that these observed outcomes were the result of transient

hypovolemia, and it was unclear how continued exposure

to spironolactone would impact lithium disposition at

steady state.
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Published evidence of research or clinical experience

with the coadministration of triamterene and lithium could

not be found. Given the pharmacological similarities

existing between triamterene and amiloride, one would

anticipate that changes in the pharmacokinetic parameters

of lithium would be minor, but the safety of this combi-

nation remains purely speculative at the present time.

4.1.4 Osmotic Diuretics

Osmotic diuretics, such as mannitol and urea, can signifi-

cantly enhance the clearance of lithium from the body,

decreasing plasma concentrations and placing patients at

risk for relapse. Presumably, this interaction is due to the

creation of an ionic gradient which promotes the excretion

of water and electrolytes into the renal tubule. Historically,

guidelines for the management of lithium toxicity often

advocated for the use of mannitol to abruptly lower the

serum concentration, though considerable disparities have

been noted in these recommendations, and hydration or

extracorporeal removal are more widely advocated today

[60].

Thomsen and Schou [50] first demonstrated the impact

of urea on lithium disposition in their seminal study dis-

cussed in Sects. 4.1.2 and 4.1.3. After subjects were given

oral doses of urea ranging from 60 to 83 g, lithium clear-

ance values increased by 36 % on average, a difference

deemed to be statistically significant. Obek [61] conducted

an open-label study in nine dogs who received a mannitol

infusion and reported a 52 % increase in lithium excretion

rates. A subsequent case report describing the successful

management of lithium toxicity confirmed the benefits of

mannitol in facilitating lithium removal in humans, and a

prospective study documented this finding as well [49, 62].

4.1.5 Methyl Xanthine Diuretics

Medications such as theophylline, aminophylline, and

caffeine belong to another class of diuretics known as

methyl xanthines, which can also expedite lithium excre-

tion. While the popularity of theophylline and amino-

phylline for the treatment of asthma has waned in recent

years, the common and often excessive consumption of

caffeine among people with mood disorders has the

potential to complicate long-term lithium administration.

Aminophylline was found to have the most profound

effect on lithium clearance in the aforementioned study by

Thomsen and Schou [50]. Individual doses of

500–1000 mg increased excretion rates of lithium by 58 %

on average (p\ 0.01) [50]. Theophylline was also studied

in an open-label investigation of ten healthy subjects sta-

bilized on lithium salt over a period of 9 days. After

theophylline was introduced and maintained between

plasma concentrations of 5.4–12.7 lg/dL for 5 days,

lithium levels fell by 26 % on average, which was both

statistically and clinically significant. A further investiga-

tion by Holstad et al. [63] analyzed the utility of intra-

venous theophylline as an antidote for lithium intoxication,

reporting a dose-dependent increase of 51 % in lithium

clearance. Unfortunately, the administration of theo-

phylline was also associated with an increase in the inci-

dence and severity of acute adverse effects, a finding that

was reported by other researchers as well [50].

Caffeine was initially studied by Bikin et al. [64], who

failed to uncover any changes in lithium disposition fol-

lowing the introduction of caffeine. Mester et al. [65] and

others explored this interaction in a different fashion,

measuring lithium concentrations in subjects who drank

coffee on a regular basis before discontinuing the stimulant

and sampling lithium levels 2 weeks later. Lithium con-

centrations were increased by 24 % under these conditions,

and seven of the 11 subjects experienced classic signs and

symptoms of caffeine withdrawal (e.g., headache, malaise,

etc.). More recently, the excessive consumption of diet cola

was associated with a dramatic decrease in lithium con-

centrations and subsequent admission to a psychiatric

hospital for one adult patient with bipolar disorder [66].

From case reports and a limited number of controlled

investigations, it appears that all methyl xanthines are

capable of increasing lithium clearance and significantly

lowering serum concentrations. This pharmacokinetic

interaction appears to be related to the natriuretic effect of

methyl xanthines in the proximal tubule, where they are

capable of blocking transport of both sodium and lithium

[67]. While the practical significance of this interaction is

somewhat limited, clinicians should be advised that abrupt

changes in caffeine consumption could precipitate sub-

stantial variations in plasma lithium concentrations.

4.2 ACE Inhibitors

ACE inhibitors are commonly prescribed for hypertension,

congestive heart failure, and the prevention of diabetic

nephropathy. Fundamentally, the primary pharmacological

action of ACE inhibitors is to prevent the conversion of

angiotensin I to angiotensin II, thereby leading to a

decrease in aldosterone production, a decrease in sodium

reabsorption, and relative volume depletion. This decrease

in angiotensin II synthesis also results in peripheral

vasodilation and a dose-related decrease in the GFR. Col-

lectively, these physiologic effects would lead to a com-

pensatory increase in lithium reabsorption in the proximal

tubule and an increase in circulating lithium

concentrations.

Shortly after the introduction of ACE inhibitors in the

1980s, a variety of case reports of lithium toxicity began
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appearing in the medical literature [68–77]. DasGupta and

colleagues [78] subsequently conducted a small prospec-

tive study of nine healthy volunteers in an effort to sub-

stantiate this potential interaction. Subjects received

lithium alone for 10 days, followed by lithium and enala-

pril for 10 days, and lithium monotherapy once again for

the final 6 days. The authors reported that there was no

significant change in lithium concentrations following the

addition of enalapril, though one subject experienced a

31 % increase in concentrations.

In contrast, a retrospective study of 20 patients stabi-

lized on lithium therapy reported a 36 % increase in con-

centration following the initiation of various ACE

inhibitors, and four individuals presented to the emergency

department with symptoms strongly suggestive of lithium

intoxication [79]. The authors noted that there was a sig-

nificant delay in the manifestation of toxicity, which was

consistent with previous published case reports where

patients generally received concurrent treatment for

3–5 weeks before symptoms emerged. This apparent dis-

crepancy in study findings may be due to the fact that the

prospective study recruited healthy volunteers lacking

medical co-morbidities, as well as the fact that the inves-

tigators employed relatively low doses of lithium and ACE

inhibitors to minimize the risk of serious toxicities.

While virtually all ACE inhibitors have been implicated

in the precipitation of lithium toxicity, a recent case report

suggests that there may differences in the RR posed by

specific agents [80]. Meyer et al. [80] described a patient

who had a gradual and profound increase in serum lithium

concentrations following a change from fosinipril (20 mg

daily) to lisinopril (20 mg daily). Over a period of

2 months, lithium concentrations increased from 0.7 to

3.4 mEq/L, resulting in hospitalization and bradycardia.

The authors speculated that the differential effect of

lisinopril may be due to the fact that it can accumulate

under conditions of worsening renal function, but also

mentioned that it is the only ACE inhibitor with a linear

dose–response curve.

From multiple case reports and other observational data,

it appears that the introduction of ACE inhibitors may

place patients stabilized on lithium in danger of significant

toxicity. Given the delayed nature and variable magnitude

of this interaction, the combination of lithium with ACE

inhibitors should be avoided if at all possible.

4.3 Angiotensin II Receptor Antagonists

Angiotensin II receptor antagonists (blockers; ARBs) are a

relatively new class of antihypertensive medication which

act as antagonists at the AT1 receptor subtype. This pri-

mary mode of action results in an increase in plasma renin

concentrations and angiotensin II levels, and an increase in

urinary sodium excretion [81]. Effects on serum aldos-

terone concentrations appear to be dose dependent and

variable. As with ACE inhibitors, the coadministration of

ARBs with lithium might be expected to produce a relative

natriuresis and potential volume depletion, leading to a

compensatory rise in lithium reabsorption in the proximal

convoluted tubule, and potential toxicity.

In 1995, Barthelmebs et al. [82, 83] examined the

impact of several medications on lithium excretion in rats.

While the ACE inhibitor ramipril decreased lithium

clearance by 44 % (p\ 0.05) and the NSAID indometha-

cin decreased elimination by 54–57 % (p\ 0.05), intro-

duction of the ARB losartan resulted in a non-significant

6 % increase in lithium excretion. However, given the

dose-dependent effects that ARBs can have on human renal

physiology, it is difficult to determine if exposure in these

rat studies approximated dosages typically prescribed in

clinical practice. Furthermore, the lack of medical co-

morbidities in these models may also discourage the

extrapolation of exposure in rats to what might be observed

in patients.

Since that time, a total of eight case reports involving

four ARBs have been published describing the develop-

ment of lithium toxicity after initiation of the antihyper-

tensive [84–91]. The ages of patients described in these

case reports ranged from 51 to 77 years of age and the

indication was hypertension for all. The onset of toxicity

was highly variable between patients, but the presentation

for most patients occurred between 11 days and 5 weeks

after starting the ARB. In each instance, the symptoms of

toxicity resolved fairly quickly after concurrent adminis-

tration had ceased, and in cases where lithium was later

reinstated in the absence of the ARB, lithium disposition

returned to baseline values.

Although there have not been any prospective studies

investigating the safety of combining ARBs with lithium

published to date, the presence of multiple case reports

describing a significant interaction strongly suggest that

caution is advised.

4.4 Non-Steroidal Anti-Inflammatory Drugs

Among all classes of medications, interactions between

NSAIDs and lithium may be the best described. Case

reports of lithium intoxication following the introduction of

NSAIDs have been quite voluminous, and a variety of

small, prospective trials have also documented significant

increases in lithium concentrations when NSAIDs were

coadministered [92]. Given the ubiquitous role that

NSAIDs have assumed in the management of common

conditions such as febrile illness, acute pain, and chronic

inflammation, and the fact that many of these agents are

readily available without a prescription, the relative safety
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of combining NSAIDs with lithium treatment is a pertinent

concern.

Review of the prospective studies that have examined

the impact of NSAIDs on lithium disposition reveals that

most, if not all, of the agents in this class have the potential

for decreasing clearance and potentiating toxicity, but the

effects are highly variable and less predictable than antic-

ipated. Virtually all of the investigations are quite small,

and most recruited healthy volunteers to participate, a

patient population that may not be representative of the

individuals who are most likely to be exposed to con-

comitant treatment. As can be seen in Table 3, the mean

decrease in lithium clearance was approximately 10–25 %

for most investigations, but the range of clearance values

was often quite large [93–105]. In addition, individual case

reports describing concentration increases of 100 % or

more are particularly daunting [106–108]. However, given

the narrow therapeutic index of lithium, even a decrease of

20 % in clearance values can have significant clinical

ramifications.

The mechanism underlying this important interaction

has not been clearly delineated but the common assumption

is that the inhibition of prostaglandin synthesis by NSAIDs

may decrease renal blood flow and facilitate the reab-

sorption of sodium and (presumably) lithium [109]. If this

hypothesis was accurate, one would anticipate that there

would be a predictable hierarchy among the NSAIDs, with

agents possessing the strongest inhibitory effects on renal

prostaglandin production demonstrating the greatest impact

on lithium clearance. Unfortunately, results from prospec-

tive trials do not necessarily support this pattern. Aspirin

(acetylsalicylic acid) has inhibitory effects on renal pros-

taglandins that are comparable with other NSAIDs, yet

results of two of three studies did not demonstrate a sig-

nificant effect on lithium elimination, and the results of the

third trial reported a small but significant increase in

clearance. Similarly, a prospective study comparing the

infusion of aspirin to sodium salicylate found that even

though aspirin had a much more significant impact upon

renal prostaglandin synthesis, only sodium salicylate

caused a substantial decrease in lithium clearance values.

This discrepancy may be explained, in part, by the fact that

most studies of this interaction included healthy young

volunteers, and previous research has demonstrated that

renal prostaglandins are not influential in the maintenance

of sodium and fluid homeostasis for individuals who are

normally hydrated and lacking other renal or medical co-

morbidities [110]. Clearly, the precise mechanism by

which NSAID agents increase lithium retention has yet to

be elucidated.

In 2003, researchers from the US Food and Drug

Administration presented the results of a pharmacovigi-

lance study examining the safety of concomitant NSAID–

lithium treatment which has shed further light on this

interaction [92]. The primary aim of the investigation was

to explore the potential impact of the cyclo-oxygenase

Table 3 Prospective studies of the effect of non-steroidal anti-inflammatory drugs on lithium clearance

Medication [reference] Oral dose Patient population Mean change in lithium clearance

Indomethacin [93] 50 mg tid Volunteers (n = 10) ; 23.3 % (p = 0.002)

Indomethacin [94] 50 mg tid Volunteers (n = 4) ; 23.5 % (NA)

Indomethacin [95] 50 mg qid Volunteers (n = 7) ; 5.6–8.0 % (p\ 0.01)

Ibuprofen [96] 400 mg qid Volunteers (n = 11) ; 19.2 % (p\ 0.05)

Ibuprofen [97] 400 mg qid Psychiatric inpatients (n = 9) ; 12–66 % (NA)

Naproxen [98] 220 mg q8 h Volunteers (n = 9) ; 5.3 % (p[ 0.05)

Naproxen [99] 750 mg daily Psychiatric inpatients (n = 7) ; 20.0 % (range 0–42 %; p\ 0.05)

Diclofenac [100] 150 mg daily Volunteers (n = 5) ; 24.9 % (p = 0.002)

Ketorolac [101] 10 mg qid Volunteers (n = 5) ; 18.4 % (range 8–34 %; p = 0.031)

Flurbiprofen [102] 100 mg bid Psychiatric outpatients (n = 11) ; 7.0 % (p = 0.18)

Meloxicam [103] 15 mg daily Volunteers (n = 16) ; 17.5 % (90 % CI 13–22)

Sulindac [99] 150 mg bid Psychiatric inpatients (n = 4) No change

Aspirin [104] Intravenous Volunteers (n = 6) No change

Aspirin [93] 1000 mg qid Volunteers (n = 10) : 5.9 % (p = 0.023)

Aspirin [105] 975 mg qid Psychiatric outpatients (n = 7) No change

Sodium salicylate [104] Intravenous Volunteers (n = 6) ; 22.2 % (p\ 0.05)

Acetaminophen [98] 650 mg q6 h Volunteers (n = 9) ; 11.6 % (p[ 0.05)

CI confidence interval, NA not applicable, qid four times daily, qx h every x h, tid three times daily, ; indicates decrease, : indicates increase
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(COX)-2 class of NSAIDs on lithium elimination specifi-

cally, but the authors also provided a thorough synthesis of

the medical literature describing interactions with any

members of the NSAID class. In regards to celecoxib, the

only COX-2 inhibitor currently marketed in the USA, the

authors were unable to locate any prospective investiga-

tions but cited five case reports of lithium intoxication,

with serum concentrations increasing from 56 to 99 %. In

each case, the symptoms of lithium intoxication resolved

following discontinuation of the COX-2 inhibitor, but the

authors ultimately concluded that ‘‘it must be assumed for

patient safety…that any NSAID has the potential to

increase serum lithium concentration in any particular

patient.’’

In summary, virtually all members of the NSAID class

have been reported to increase lithium concentrations to a

significant extent. Multiple small prospective studies have

been published which suggest that lithium clearance values

generally decrease by 10–25 %, but most of these studies

featured healthy volunteers and there is reason to suspect

that patients with alterations in renal function, volume

status, or other as yet unidentified co-morbidities may be

uniquely at risk for more profound elevations in serum

concentrations. It is hoped that further research will be

conducted in future years to identify these vulnerable

populations, as well as delineating which NSAIDs pose the

higher risk and whether occasional use of these medica-

tions is permissible.

4.5 Antidepressants

Lithium is often added to antidepressants as an augmen-

tation strategy for treatment-refractory depression [111]. It

is also prescribed together with antidepressants for the

acute management of bipolar depression. The safety of this

combination is, therefore, an obvious concern. Fortunately,

only a handful of case reports of acute adverse reactions

with this combination have surfaced, and prospective

pharmacokinetic studies have failed to demonstrate a sig-

nificant effect of antidepressants on lithium disposition.

A variety of case reports of purported serotonin syn-

drome were attributed to the lithium–selective serotonin

reuptake inhibitor (SSRI) combination in the 1990s, lead-

ing investigators to speculate that the serotonergic activity

of lithium may enhance the pharmacologic actions of

SSRIs, precipitating acute and excessive serotonin activity

[112–116]. Upon further analysis, however, many of these

patient presentations include adverse effects that could be

attributed to either lithium or SSRIs alone, and it is unclear

if the toxicity could reasonably be attributed to the unique

combination of agents. Furthermore, many clinicians are

unaware of the fact that SSRI monotherapy can precipitate

serotonin syndrome in predisposed patients, particularly

when patients are exposed to supertherapeutic doses or

achieve extremely high concentrations [115].

In 2000, Hawley and others [117] compiled an extensive

review of published studies and reports on the combination

of lithium with SSRIs, arriving at the conclusion that the

two classes of psychotropic agents appeared to be generally

well-tolerated together and that verifiable case reports of

serious or lethal toxicity could be not identified . These

results are consistent with a previous retrospective study by

Bauer et al. [118] who compared the adverse effects of

fluoxetine alone to those of patients receiving fluoxetine

with lithium. Both cohorts contained 110 patients in total

and there was no significant increase in adverse effects in

general, as well as no differences in a subgroup analysis of

‘serotonergic side effects,’ such as gastrointestinal upset,

nervousness, tremor, and sweating. Prospective pharma-

cokinetic studies have also analyzed the impact of virtually

all SSRIs (and many other new antidepressants) on

lithium’s parameters and consistently found minimal

effects on the disposition of the ion [119–124].

The preponderance of evidence available at the present

time seems to suggest that lithium can be safely administered

with SSRIs, as well as other classes of antidepressants.

4.6 Antipsychotics

Lithium is commonly administered with antipsychotics,

most often for the acute management of manic or mixed

manic episodes associated with bipolar disorder. Several

case reports have been published describing acute and

irreversible neurotoxicity with the combination of lithium

and antipsychotics, though these episodes often resemble

rare serious events that can be attributed to the adminis-

tration of either agent alone (e.g., delirium, dysphoria,

encephalopathy, dyskinesias, neuroleptic malignant syn-

drome, etc.) [125–128]. Early case reports featured the

combination of lithium with conventional antipsychotics

but atypical antipsychotics have been implicated with this

interaction as well [129–132].

Since these two classes of psychotropic agents are often

prescribed together and case reports of neurotoxicity have

been relatively sparse, it would appear that this potential

interaction is a rare and idiosyncratic phenomenon. Both

retrospective and prospective studies of patients have

compared adverse effects with lithium monotherapy,

antipsychotic monotherapy, and combination treatment,

concluding that there is no significant difference in toxic

potential [133–135]. In contrast, a recent review of com-

bination treatments for bipolar disorder concluded that the

incidence of adverse effects is higher when lithium is given

concomitantly with antipsychotics, though this was pri-

marily in reference to adverse effects of a chronic and less

severe nature [136].
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In several of the case reports describing serious neuro-

toxicity, lithium concentrations increased abruptly follow-

ing the administration of antipsychotics, but prospective

pharmacokinetic studies have examined the potential

impact of antipsychotics on lithium disposition and repor-

ted no significant change in serum lithium concentrations

[137–141]. This has led to speculation that the change in

lithium concentrations may have been precipitated by acute

agitation and associated dehydration, electrolyte abnor-

malities, or renal compromise (secondary to myoglobinuria

and myonecrosis).

Researchers have also theorized that this neurotoxicity

may be due to increased intracellular or erythrocyte con-

centrations of lithium, relative to serum concentrations

sampled in the periphery. This hypothesis was supported

by several early studies featuring exposure to haloperidol

or phenothiazines, but subsequent investigations failed to

replicate these findings and actually reported decreases in

lithium concentrations intracellularly [142–145]. A recent,

preliminary investigation of cell cultures suggests that

while lithium alone can decrease oxidative stress (which

may be the mechanism underlying its neuroprotective

action), the combination of antipsychotics with lithium

may actually increase laboratory markers for oxidative

stress and neurodegeneration [146]. This notable finding

warrants replication and further study.

Although there have been a variety of case reports of

severe neurotoxicity induced by the combination of lithium

and antipsychotics, it remains unclear if these events are

due to the synergistic potential of the two psychotropic

medications or if the adverse effects were induced by a

single agent alone. From pharmacokinetic studies, one can

infer that concomitant antipsychotic treatment is unlikely

to increase lithium concentrations, but these investigations

have not yet explored the impact of this combination in the

effective compartment (i.e., the CNS). Given the docu-

mented effectiveness of administering antipsychotics with

lithium to acutely manage bipolar episodes, and the rela-

tively rare phenomenon of neurotoxicity, it would not

appear that this unique combination should be discouraged.

However, clinicians are well-advised to closely monitor

neurotoxic sequelae and ensure that adequate hydration and

electrolyte status are maintained to minimize toxic

potential.

4.7 Antiepileptic Drugs

The successful treatment and prevention of bipolar disorder

often entails the utilization of several concurrent psy-

chotropic medications. Anticonvulsants such as valproic

acid and carbamazepine were once commonly adminis-

tered with lithium and, although this practice has become

less popular with the introduction of atypical

antipsychotics into the psychopharmacological armamen-

tarium, the safety of polypharmacy in this population

remains a clinical concern.

Valproic acid rose to prominence as a valuable treat-

ment option for acute mania, rapid cycling bipolar disorder,

and schizoaffective illness over two decades ago. It is still

commonly prescribed for these purposes, occasionally in

combination with lithium, and continues to be a recom-

mended treatment strategy, particularly for patients not

responding adequately to initial monotherapy regimens

[147]. Over the years there has been a multitude of clinical

experience with this combination and it appears to be well-

tolerated. Reports of adverse effects from clinical trials are

more representative of cumulative toxicities associated

with either drug alone than any underlying interactions

[148–150]. Only a single prospective pharmacokinetic

study has been published in the literature investigating a

potential interaction, and the authors reported that a minor

increase in valproic acid concentrations was observed (i.e.,

increased area under the plasma concentration–time curve

[AUC] and maximum concentration [Cmax]) while the

disposition of lithium was unaffected [151].

The combination of lithium with carbamazepine was

once a fairly popular approach to refractory bipolar disor-

der and a variety of cases of neurotoxicity were observed

[152–154]. In each of the case reports, patients had been

stabilized on lithium for an extended period of time prior to

receiving carbamazepine and quickly developed symptoms

such as ataxia, tremors, hyperreflexia, and nystagmus once

combination treatment began. All of the symptoms

resolved upon discontinuation of the anticonvulsant. Sub-

sequent pharmacokinetic studies failed to reveal any sub-

stantial changes in the disposition of lithium or

carbamazepine, leading some researchers to speculate that

the latter agent was increasing the lithium concentration

intracellularly or in certain unspecified compartments in

the CNS [155–157]. Other authors have found that carba-

mazepine actually improved lithium tolerability, due to the

fact that daily doses of the original mood stabilizer were

reduced after concomitant treatment improved clinical

symptoms [158]. Mixed messages have also been reported

on the impact of combination treatment on thyroid func-

tion, with some investigators reporting a decrease in thy-

roid-stimulating hormone concentrations when

carbamazepine was added to lithium and others noting a

greater decline in free T4 and T3 concentrations [158, 159].

Lamotrigine is often prescribed for the management of

bipolar depression or mixed manic episodes. Although

some authors have voiced theoretical concerns about

additive cognitive deficits when lamotrigine is added to

lithium, there are no published case reports of toxicity with

this combination available at the present time [160]. A

small open-label study investigated the impact of
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lamotrigine on lithium disposition and reported that there

were no significant differences in pharmacokinetic

parameters [161]. Conversely, a retrospective study of

potential interactions was conducted by a therapeutic drug

monitoring service which reported that lithium resulted in a

13 % decline in lamotrigine concentrations, which was

deemed to be statistically significant [162] As this study

was observational, the authors raised the possibility that

temporal changes in medication adherence may have

introduced confounding variables.

Topirimate is another antiepileptic drug (AED) that is

occasionally used in combination with mood-stabilizing

agents. A case report of lithium toxicity was published in

2004 which described the course of a bipolar patient sta-

bilized on lithium and topirimate who increased the dose of

her AED to lose weight (from 500 to 800 mg daily) [163].

Five weeks later she reportedly had lost 35 pounds

(15.9 kg) but she was also complaining of severe anorexia,

nausea, fatigue, and impaired concentration. These symp-

toms resolved when her topirimate dose was reduced back

to the previous regimen. In the only prospective study of

this combination published to date, the effects of topirimate

were observed in 12 healthy volunteers [164]. The authors

measured a 16 % increase in lithium clearance that was

reported to be of borderline statistical significance, and

they theorized that this interaction may be due to the weak

inhibitory effects that the AED has on carbonic anhydrase

activity.

4.8 Other Medications

Because lithium toxicity can be precipitated by a host of

physiological factors, it is not surprising that many medi-

cations have been implicated temporally in the etiology of

this phenomenon without clear evidence of causation. For

example, antibacterials and antineoplastic agents have been

associated with the development of lithium toxicity in

various case reports but it is often difficult to control for

other related factors encountered with the infection or

malignancy being treated, such as hyperpyrexia, dehydra-

tion, renal compromise, and electrolyte disturbances [23,

165, 166]. A review of all published case reports of

iatrogenic toxicity is beyond the scope of this pharma-

cokinetic review but there are certain combinations worth

highlighting.

From multiple case reports as well as controlled

experiments in animal models, it appears that lithium may

potentiate or prolong the effects of neuromuscular blocking

agents such as pancuronium and succinylcholine [167,

168]. It has been theorized that lithium would be more

likely to augment the effects of non-depolarizing neuro-

muscular blockers (e.g., pancuronium and vecuronium) as

it can decrease acetylcholine release, but adverse sequelae

have been reported with depolarizing agents as well (e.g.,

succinylcholine) [169]. A related and controversial concern

is the administration of electroconvulsive therapy (ECT) to

patients receiving lithium, where multiple case reports of

seizures and delirium have been detailed in the medical

literature [170, 171]. While some authors believe this to be

a contraindication, others have found ECT to be well-tol-

erated in patients maintained on lithium and advise clini-

cians to continue the mood stabilizer if clear benefits are

evident [172].

The safety of combining lithium with calcium antago-

nists has also been questioned following multiple case

reports of toxicity [173–176]. Although treatment details

and chronology were often unclear, classic signs of toxicity

were rapidly apparent shortly after initiation of calcium

antagonists such as verapamil and diltiazem in spite of the

fact that lithium concentrations were not elevated. A sub-

sequent prospective study examined the effects of a single

dose of nifedipine on lithium and reported no significant

changes in plasma concentrations, prompting researchers to

suggest that this may be a rare, idiosyncratic pharmaco-

dynamic interaction of unknown etiology [53, 177].

An additional interaction worthy of mention may occur

when sodium bicarbonate is administered to patients sta-

bilized on lithium. Multiple case reports depict patients

who are unable to achieve therapeutic concentrations with

lithium while ingesting large amounts of antacids con-

taining sodium bicarbonate [178, 179]. This phenomenon

would be consistent with the results of the controlled study

conducted by Thomsen and Schou [50] where bicarbonate

infusion was associated with a 27 % increase in lithium

clearance.

Finally, the impact of concurrent ethanol ingestion on

lithium disposition is a vital concern, particularly when one

considers that 36–61 % of individuals with bipolar disorder

will have an alcohol use disorder in their lifetime [180].

Preliminary investigations suggested that lithium may

actually serve to discourage drinking in alcoholics, but

subsequent studies failed to conclusively demonstrate

therapeutic benefits in regards to abstinence or co-morbid

depression [181–184]. Unfortunately, study researchers

failed to quantify the effects of ethanol on lithium dispo-

sition or adequately address potential symptoms of lithium

toxicity. In theory, one might anticipate that ethanol

ingestion might have significant deleterious effects on

lithium treatment. From a pharmacokinetic standpoint, the

diuretic effects of acute ethanol ingestion may lead to an

increase in lithium reabsorption and an elevation in plasma

concentrations. Pharmacodynamically, individuals with a

history of chronic alcohol abuse often have neurological

impairments such as tremor, memory loss, and confusion

that could be exacerbated by lithium administration. In

addition, from a psychopathological perspective, chronic
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alcohol administration may also diminish the mood-stabi-

lizing properties of lithium, engendering future depressive

episodes. Unfortunately, none of these effects have been

studied in either a prospective or observational fashion and

further investigations are clearly warranted [53].

5 Conclusion

In spite of the development and release of novel psychotropic

agents, lithium continues to be widely utilized for the

maintenance treatment of bipolar affective disorder.

Prospective investigations have confirmed and refined our

knowledge of a narrow therapeutic range for the mood sta-

bilizer, and any alterations in renal function, hydration sta-

tus, or electrolyte concentrations can have profound effects

on lithium disposition. Over the past 20 years, evidence of

potential drug interactions has continued to accumulate. For

example, it has become evident that there may be significant

differences between individual diuretic agents and NSAID

compounds in regards to their impact on lithium concentra-

tions. Furthermore, case reports and observational studies

have also emerged to suggest that ACE inhibitors, ARBs,

SSRIs, atypical antipsychotics, and newer AEDs may also

impart an increased risk for toxicity. At the present time,

much of the evidence supporting lithium drug interactions is

limited to anecdotal reports, and it is hoped that controlled

studies may be conducted in the future to further delineate

the risk inherent with specific medications, as well as to

identify vulnerable patient populations.
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