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Objectives: This study aimed to determine the impact on practice of applying the

Extracorporeal Treatments in Poisoning (EXTRIP) Workgroup criteria to lithium

toxicity.

Method: We retrospectively examined the medical records of patients from three

hospitals who presented with chronic or acute on chronic lithium poisoning with a

lithium concentration ≥1.3 mmol/L (2008-2018). We determined which criteria were

met by patients and their subsequent course. We developed and validated a method

to predict if lithium concentration would be >1mmol/L at 36 hours.

Results: There were 111 acute on chronic and 250 chronic lithium toxic patients.

Nine patients (2.5%) were treated with haemodialysis. Six chronic patients had

neurological sequelae. The “estimated lithium concentration at 36 hours > 1 mmol/L”

criterion required pharmacokinetic calculations. A simple nomogram was developed

using Estimated Glomerular Filtration Rate (eGFR) and lithium concentration. For

chronic toxicity, the nomogram would have correctly predicted lithium concentration

>1.4 mmol/L at 36 hours in all except two patients. If EXTRIP criteria were followed,

dialysis would have been instituted for 211 patients (58%). However, only 51 patients

with chronic toxicity fulfilled both a concentration and a clinical criterion. Late

neurological sequelae were observed in five out of six patients who fulfilled a

concentration and a clinical criterion on admission, with the sixth meeting these

criteria shortly after admission.

Conclusions: The EXTRIP criteria are too broad, but minor modifications allow

haemodialysis to be targeted to those most at risk of sequelae. Most acute on chronic

poisonings do not need haemodialysis, but it might shorten hospital stay in those

with very high concentrations. The nomogram accurately predicts the fall in lithium

concentration for chronic poisoning.
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1 | INTRODUCTION

Lithium toxicity has low mortality but very significant morbidity. Pro-

longed admissions and recovery are common, and there is a significant

risk of permanent neurological sequelae.1 Lithium elimination is

greatly enhanced by haemodialysis.2 Endogenous lithium clearance is

about 15-20 mL/min with normal renal function. High efficiency inter-

mittent haemodialysis can increase lithium clearance 10-fold,2 and
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even low intensity methods (eg continuous renal replacement therapy

[CRRT]) will triple clearance.2 An even greater proportion of lithium

will be removed by extracorporeal treatment for patients with renal

impairment, as the endogenous lithium clearance will be lower. Mor-

bidity might be reduced by haemodialysis, but the indications are not

well established.3

Recently, the Extracorporeal Treatments in Poisoning (EXTRIP)

Workgroup systematically reviewed the evidence in the literature

and provided their evidence-based criteria of the indications for

haemodialysis in lithium poisoning (Table 1).2 However, the criteria

indicating need for dialysis were an unrelated set that lacked context

with respect to the type of lithium poisoning. This may reflect the

various sources from which the data were collected. The source ref-

erences for each criterion are not explicitly referenced. They did not

differentiate acute, acute on chronic or chronic lithium poisonings.2

Several criteria were vague, and it was unclear how some would

work in multi-agent exposures in acute poisoning. For example,

decreased level of consciousness is a recommended criterion for

haemodialysis but it is not quantified in order for it to apply in clinical

settings. We have used a GCS < 15 as the definition for a decreased

level of consciousness. EXTRIP suggested an estimated lithium con-

centration >1 mmol/L at 36 hours should be considered for

haemodialysis. However, no method was provided to assist clinicians

to make such an estimation. We aimed to apply these criteria to a

cohort of patients with lithium toxicity/poisoning (most of whom did

not receive dialysis) to provide insight into when and how the

EXTRIP criteria should be adopted. In addition, we developed and

validated a nomogram to predict lithium concentrations at 36 hours

and determined how this might affect risk assessment for chronic

and acute on chronic poisonings.

2 | METHODS

This is a retrospective review of patients who had either acute on

chronic or chronic lithium toxicity with a recorded plasma lithium level

of at least 1.3 mmol/L (therapeutic range 0.8-1.2 mmol/L in the acute

phase, 0.5-0.8 mmol/L in the maintenance phase) from the New South

Wales (NSW) Health Pathology and South Eastern Area Toxicology

Service (SEATS) database (1/2008 to 12/2018) in Sydney and the

Princess Alexandra Toxicology Service (PATS) database in Queensland

(7/2014 to 4/2019). The NSW Health Pathology and SEATS data

were from the Prince of Wales and Sutherland Hospitals in Sydney.

The PATS data included patients from the Princess Alexandra, Logan,

Royal Brisbane and Redlands Hospitals in Queensland. We systemati-

cally extracted the following from records: patient demographics, signs

and symptoms of toxicity, concurrent medications, treatments and

outcomes. Acute on chronic poisonings were defined as patients who

had taken an acute overdose while on lithium therapy. Chronic poi-

sonings were defined as patients who developed toxicity while taking

regular doses of lithium. We excluded patients whose medical records

did not contain the data needed to determine if EXTRIP criteria were

met and key outcomes occurred. We excluded repeat presentations if

there was a gap of less than 2 months from a prior presentation with

lithium toxicity.

One EXTRIP criterion is an expected lithium concentration

>1 mmol/L in 36 hours.2 The source paper for this was not

referenced, and there were no instructions for calculation. Therefore,

TABLE 1 EXTRIP recommendations for lithium poisoning

Extracorporeal treatment is recommended (1D)

Severe lithium poisoning

If kidney function is impaired and [Li+] > 4.0 mEq/La

A decreased level of consciousnessb

Seizure

Life-threatening dysrhythmias

Extracorporeal treatment is suggested (2D)

[Li+] > 5 mEq/L

If confusion is present

If the expected time to obtain [Li+] < 1.0 mEq/L with optimal

management is >36 hoursc

We defined severe lithium poisoning as

- stupor, rigidity, hypertonia, hypotension

- coma, convulsion, myoclonus, cardiopulmonary collapse.

(Grade II-III Amdisen criteria4 as interpreted by Waring et al5).
aWe defined impaired kidney function as eGFR < 45 mL/min/1.73 m2.

bWe defined decreased level of consciousness as GCS < 15.
cWe developed a method to predict lithium concentration at 36 hours

using estimated parameters.

What is already known about this subject

• Lithium toxicity can cause permanent neurological

sequelae and haemodialysis increases lithium elimination.

• The EXTRIP group provide suggested indications for

haemodialysis in lithium toxicity, but these have not been

validated.

• The same recommendations appeared to apply to acute,

acute on chronic or chronic lithium poisonings, and many

were only loosely defined.

What this study adds

• This study refines the EXTRIP recommendations, reduc-

ing by two-thirds the number of patients indicated for

haemodialysis but still selecting all those at risk of

sequelae.

• A nomogram was developed to aid prediction of the

EXTRIP criteria based on the expected fall in lithium con-

centrations over 36 hours in chronic lithium poisoning.

• Acute vs chronic setting and selected EXTRIP criteria for

lithium concentration, renal function and neurological

symptoms work well in combination to determine which

patients should receive haemodialysis.
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we calculated this using an estimate of renal function to estimate lith-

ium clearance. We estimated creatinine clearance (CrCL) using the

Cockcroft Gault equation. As weight was rarely recorded we used a

standard weight of 85 kg for men and 68 kg for women (derived from

Australian population medians). Lithium clearance (mL/min) was set as

0.161 × CrCL + 6.47.6 (We explored an alternative calculation of lith-

ium clearance using 0.235 × CrCL but the former method led to

slightly better agreement, data not shown). From the estimated clear-

ance and the initial concentration (C0) an estimate can be made of

future concentrations (Ct) using the simple method of Ct = C0 × e–kt,

where k = Cl/Vd. Volume of distribution Vd was set at 48 L for women

and 60 L for men (based on 0.8 L/ideal body weight kg). We used a

simpler method using k = (0.161 × eGFR + 6.47)/55 to produce a

nomogram that applied to all patients irrespective of variables other

than the eGFR. eGFR values were calculated using serum creatinine

levels in accordance to the Chronic Kidney Disease Epidemiology Col-

laboration (CKD-EPI) formula.7 The predicted lithium concentrations

at 36 hours were compared with actual concentrations from patients

who were not dialysed and had serial lithium levels taken.

Patient medical records were carefully examined to determine if

patients fulfilled the EXTRIP criteria. We derived the EXTRIP criteria

met by each patient on initial assessment. We compared the acute on

chronic with chronic groups using the Mann-Whitney or Chi-square

test as appropriate. We also graphically compared criteria and esti-

mates; all analysis was done using GraphPad Prism ® (V8). The study

was approved by the South Eastern Area Health Human Research

Ethics Committee (Ref Number: 17/201) and the Metro South Human

Education & Research Centre (HREC) (14/QPAH/308).

3 | RESULTS

We extracted data on 111 acute on chronic and 250 chronic lithium

intoxications; 167 other admissions were excluded due to insufficient

medical records or repeat presentation within 2 months (Figure S1).

The acute on chronic group was younger and had a higher lithium con-

centration, better renal function and higher estimated lithium

clearance compared with the chronic group (Table 2). Nine patients

(2.5%) were treated with dialysis (continuous veno venous

haemodiafiltration (n = 5), intermittent haemodialysis (n = 3), sustained

low efficiency dialysis (n = 1)) (Table S1). Six patients who were not

dialysed from the chronic group were diagnosed with severe neuro-

logical sequelae (Table S1). They had lithium concentrations between

1.8 and 3.2 mmol/L and moderate to severe renal impairment (eGFR:

21-54). One patient died with acute renal failure, pneumonia, and right

heart failure; the death was deemed not related to lithium toxicity

(Li concentration was 1.3 mmol/L on admission).

Serial lithium samples were taken from most patients (Figure 1).

The chronic toxicity patients’ serum lithium concentrations generally

fell steadily from the time of admission. Acute on chronic overdoses

had very unpredictable serum concentrations, although all patients

had concentrations <1 mmol/L by 72 hours. Some acute on chronic

poisoned patients had rising concentrations for up to 24 hours. Con-

versely, many had rapidly falling concentrations (apparent half-life

<12 hours), suggesting a predominant effect of distribution rather

than elimination. Consequently, the predictions of concentrations

36 hours later were excellent for chronic toxicity (mean bias 0 mmol/L,

SD 0.3, 95% limits of agreement –0.7 to +0.6). In contrast, in acute on

chronic toxicity, prediction was very poor (mean bias +0.4 mmol/L,

SD 0.4, 95% limits of agreement –0.5 to +1.2). The simpler eGFR

method had equivalent bias and limits of agreement to the above for

both acute on chronic and chronic toxicity groups (Figure S2).

A nomogram was developed from the simple eGFR method to

indicate which patients would have a lithium concentration above

1 mmol/L at 36 hours (Figure 2). The results of patients plotted on this

nomogram are shown in Figure 3. For chronic toxicity the nomogram

would have suggested dialysis for all patients who developed neuro-

logical sequelae, all patients who were dialysed and all but two

patients who still had lithium >1.4 mmol/L at 36 hours.

There were 81/111(73%) acute on chronic and 130/250 (52%)

chronic lithium toxicity patients who fulfilled at least one of the

EXTRIP criteria for dialysis (Figure 3). Each individual criterion was

met by between 0 and 80 patients (Figure 4). Only 51 chronic toxicity

TABLE 2 Demographic and clinical characteristics of acute on chronic and chronic lithium toxicity

Acute on chronic (n = 111) Chronic (n = 250) P valuea

Female 84 (76%) 160 (64%) 0.028

Age (years) 40 (16-93) 56 (15-96) <0.0001

Initial serum Li (mmol/L) 2.4 (1.3-8.6) 1.6 (1.3-7.1) <0.0001

Lithium dose (mg) 900 (250-1750) 900 (125-2500) 0.4

eGFR (mL/min/1.73 m2) 96 (16-155) 66 (5-148) <0.0001

Lithium clearance (ml/min) 23 (10-42) 18 (8-38) <0.0001

Nephrotoxic drugs 0 (0.0%) 6 (2.4%) 0.1

Lithium drug interactions 12 (11%) 62 (25%) 0.0024

Suspected to have infection 1 (0.9%) 62 (25%) <0.0001

Median length of stay (d) 1.4 (0.1-33) 4 (0.1-94) 0.0014

Note. Data are shown as medians (range) or counts (%). Nephrotoxic drugs were cyclosporin, cisplatin, β-lactam antibiotics, amphotericin B. Lithium drug

interactions were diuretics, angiotensin converting enzyme inhibitors, angiotensin receptor blockers, nonsteroidal anti-inflammatory drugs.
aMann-Whitney U test or Chi-square for categorical variables.
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patients fulfilled both a concentration (eg Li > 1 at 36 hours) and a

clinical (eg neurological toxicity, GCS < 15 or confusion) criterion. This

included 5/5 (100%) patients who had haemodialysis and 5/6 (83%)

patients who had neurological sequelae. One patient who developed

neurological sequelae fulfilled the concentration criteria, but was

recorded as having no neurological deficit on initial examination. The

patient subsequently was recorded as confused within a few hours.

There were 40 acute on chronic patients who fulfilled both a

concentration and a clinical criterion. However, only 7 met the

“>4 mmol/L and eGFR < 45” or “>5 mmol/L” concentration criteria

on initial assessment (8 patients at any time during admission). The

clinical criteria in the acute on chronic ingestions were generally

short-lived and in patients who had co-ingested other agents, caus-

ing sedation and/or confusion.

F IGURE 1 Serial lithium concentrations in
patients with chronic toxicity and acute on
chronic poisoning. Red lines indicate patients
who were dialysed, purple lines indicate patients
with rising levels and blue lines indicate patients
with initially rapidly falling levels (apparent half-
life <12 hours), indicating the rapid change was
caused predominantly by distribution. Black lines
represent patients who have an expected drop

in serial lithium concentration. Green areas
represent lithium concentrations up to
1.0 mmol/L
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4 | DISCUSSION

Lithium intoxication can cause severe morbidity and occasionally irre-

versible neurological damage, generally with chronic toxicity.4,10

Patients who have both clinical features and lithium concentrations

that are expected to be elevated for some time are those most likely

to derive benefit from haemodialysis.1,4,5 These criteria would result

in dialysis for roughly 20% of chronic toxicity patients; in our series

this included all those who developed neurological sequelae. How-

ever, acute on chronic toxicity has much lower risk. We found that

lithium concentrations in acute on chronic toxicity had no predictable

pattern, generally resolved within a few days and most CNS effects

were probably due to other agents. Thus, the two absolute concentra-

tion criteria were the only potentially useful criteria for dialysis after

acute on chronic toxicity. These criteria would result in dialysis for

around 7% of acute on chronic toxicity patients. Using both rec-

ommended and suggested EXTRIP criteria would lead to dialysis for

58% of all patients (Table 1) and 38% if restricting to just EXTRIP ‘rec-

ommendations’ (Table 1). Only 16% of patients would be dialysed

according to our suggested modification of these guidelines (Figure 5),

and yet this would still capture all those most likely to benefit and

those who had long-term neurological sequelae.

Haemodialysis may reduce the duration of brain exposure to toxic

lithium concentrations, although this is hard to demonstrate. Lithium

redistributes very slowly in and out of the brain, and recovery from

chronic toxicity after concentrations fall frequently takes many days

or weeks.4,10 Renal lithium clearance was estimated to be

10-25 mL/min in most of our patients. Intermittent haemodialysis can

achieve lithium clearance as high as 170 mL/min while CRRT has an

average clearance of 43 mL/min.2 It follows that any mode of dialysis

will increase the elimination of lithium several fold.

The nomogram we developed allows a simple and quick determi-

nation of whether lithium concentrations will remain elevated

(Figure 2). More complex nomograms that estimate actual lithium con-

centration at 36 hours have been described.8 The origin of the

EXTRIP's suggested criteria regarding lithium concentration

>1.0 mmol/L at 36 hours is unclear, but Hansen and Amdisen

suggested dialysis should be instituted in patients whose plasma lith-

ium concentration cannot be reduced to 1 mmol/L within 30 hours.4

In any case, longer or shorter time frame prediction is equally possible.

We suspect even more accurate predictions would be possible using

actual body weight to derive estimates of CrCl and Li Vd. However,

the nomogram worked surprisingly well and has the advantage of

avoiding the risk of calculation and data entry errors. Notably, our

determination of the 36 hour lithium concentration using the nomo-

gram was based on initial (or presentation) blood tests. However, the

steady decline in serial concentrations in chronic toxicity suggest that

the nomogram could utilise lithium measurements at any time point.

The EXTRIP recommendations did not differentiate between

chronic and acute poisoning. However, most previous studies have

F IGURE 2 Lithium nomogram to indicate if lithium concentration
is predicted to be >1 mmol/L at 36 hours. This nomogram used
lithium concentration and eGFR on presentation to predict if lithium
concentration will be above 1 mmol/L at 36 hours

F IGURE 3 Outcomes for patients compared to predicted lithium
concentrations. Patients above the nomogram line were predicted to
have lithium concentration >1 mmol/L at 36 hours. Only the
128 chronic and 78 acute on chronic patients with sufficient serial
samples to reasonably estimate actual concentrations at 36 hours are
shown
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highlighted that acute on chronic poisonings commonly have better

kidney function and much lower risk of neurotoxicity,1,4,5,10 and it is

not logical to have exactly the same criteria for all patients. Even using

the two higher concentration criteria may be unnecessarily interven-

tional, as good outcomes are usual with conservative management.

Chronic toxicity has a much poorer prognosis.4,10 Plasma concentra-

tions then reflect intracellular brain concentrations.9 Haemodialysis is

commonly recommended for patients with high serum concentrations

(typically >2.5 mmol/L) of lithium as these are associated with severe

neurological toxicity.4 It might be assumed these are also the patients

most at risk of neurological sequelae. However, in our study, the

patients with neurological sequelae had concentrations as low as

1.8 mmol/L, but they were also elderly with poor renal function

(Table S1). The advantage of the criterion of expected lithium concen-

tration >1 mmol/L at 36 hours is that it captured these patients. The

mechanism of lithium-induced neurological sequelae is not clear, and

it may not be simply lithium-induced neurotoxicity. For example, it

might result from wide osmotic fluctuations due to volume depletion

and dehydration from nephrogenic diabetes insipidus, which might be

more common amongst the elderly, chronic lithium users and those

with poorer kidney function.10

The key limitations of our study were that it was retrospective

and relied on the accuracy of data from medical records. A moder-

ate number of patients were excluded due to a lack of data

recorded in their medical records. There may be inaccurately

recorded outcomes and we had to use estimated body weights

based on population means. For patients who are well outside the

normal range of body weight, it would be better to use direct calcu-

lations for prediction. Prospective studies utilising these modified

EXTRIP criteria would be useful to determine if they have an impact

on short- and long-term morbidity. In addition, the formulation of

the lithium carbonate tablets was not well documented to indicate

whether they were immediate or sustained-release products. The

two products have different pharmacokinetics. However, based on

F IGURE 4 Heatmap representation of overlap of criteria in patients who fulfilled one or more EXTRIP criteria. Notes: Each column
represents one patient. A red or dark red bar indicates they fulfilled the EXTRIP criteria. Moderate/severe central nervous system toxicity: stupor,
rigidity, hypertonia, hypotension, coma, convulsion, myoclonus, cardiopulmonary collapse. Not shown are the 150 patients who did not fulfil any
criteria: acute on chronic (30/111) and chronic (120/250) group
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the lithium dosages, we worked out about 37% patients were on

sustained-release formulation.

5 | CONCLUSION

The current EXTRIP criteria require refinement to provide more pre-

cise guidance on which lithium intoxicated patients are likely to bene-

fit from haemodialysis. Our study clearly highlights the benefits of

determining the need for dialysis based on an integrated assessment

of the type of poisoning, lithium concentration, renal function and

clinical toxic effects (Figure 5). This reduces the numbers by two-

thirds, but still accurately identifies those most likely to benefit.
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