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Lithium Augmentation in Antidepressant-Resistant Patients
A Quantitative Analysis

M.-P.V. AUSTIN, F.G. M. SOUZA and G. M. GOODWIN

A quantitativeanalysiswas usedtoexaminetheefficacyoflithiumaugmentationintheacute
treatmentof depressedpatientsresistantto a standardtrialof an antidepressant.Effectsizes
were measuredby the odds ratio usingthe Mantelâ€”Haenszelmethod. Onlycontrolledtrials
were includedinorderto minimisebiasin method. A highlystatisticallysignificanteffect for
lithiumaugmentationwas found, the pooledoddsratiobeing0.146 and its 95% confidence
interval0.05â€”0.44(i.e. the oddsof remainingillare reducedby between 56% and 95% with
the useof lithiumtreatment). While these resultssupportthe casefor lithiumaugmentation
in treatment-resistantdepression,there remainsconsiderableuncertaintyover the duration
of treatment necessaryto see and sustainthe treatment response.

Treatment-resistant depression is a common and well
known clinical problem. While 70-80Â°loof depressed
patients respond within three weeks to a tricycic
antidepressant and a further proportion may respond
within another 3-4 weeks to a second-line anti
depressant (Nolen et al, 1988), 10â€”30%of patients
with a major depressive illness do not respond to
antidepressants given at an adequate dose and for
an adequate period of time (Nolen et al, 1988).

Pharmacological augmentation of the effects of
either re-uptake inhibitors or monoamine oxidase
inhibitors (MAOIs) is an attractive second-line
approach to the management of treatment-resistant
depressed patients. To achieve it, a variety of
agents have been proposed, including L-tryptophan
(Pare, 1963), stimulants (Wharton et al, 1971), tn
iodothyronine (Goodwin et al, 1982) and reserpine
(Price eta!, 1987). However, positive results have been
most extensively reported with lithium. Himmeihoch
et al (1972) were the first to describe the benefits of
adding lithium to an antidepressant. Initially, the justi
fication for lithium augmentation was an empirical
one, but improved understanding of the mechanism
of action of antidepressants gave a better rationale
for its use (de Montigny & Aghajanian, 1978). The
first trial of lithium augmentation in resistant patients
was reported by de Montigny et a! (1981). In this
study, a dramatic improvement was reported in eight
depressed patients, 48 hours after the addition of
lithium to a previously ineffective tricycic regime.
There have now been 49 case reports and open
studies (as listed by Dinan & Barry, 1989; Thase eta!,
1989; Schou, 19%), with some 387 patients given
lithium in addition to a tnicycic or MAO!. No less
than 243 responded to a greater or lesser extent to
the addition of lithium, often within 48 hours as
de Montigny et a! (1981) had claimed. While these

findings may have been clinically convincing, they
cannot be taken as conclusive without controlled
evaluation of lithium augmentation.

To date there have only been seven double-blind,
placebo-controlled trials of lithium augmentation in
patients resistant to a standard course of an anti
depressant. Although traditional qualitative reviews
of the literature (SchÃ¶pf,1989; Schou, 1990) have
supported the benefits of this approach, they also
highlight the difficulty of drawing firm conclusions
based on the results of several small studies, none
of which is conclusive in itself and some of which
are actually negative. Since the efficacy of this
approach to treatment-resistant depression is of
considerable clinical importance, and trials of an
adequate size are difficult to perform, there is a need
to extract as much quantitative information from the
existing data as possible. The objective of this study
was to review the usefulness of lithium augmentation
in patients resistant to standard antidepressant
treatment by means of a â€˜¿�meta-analysis'.Quantitative
analysis or â€˜¿�meta-analysis'(Glass, 1977) can combine
the results of different trials of similar method to
improve the quantitative basis of our understanding
of a given treatment effect. Furthermore, it shifts
the focus to size of effect rather than levels of
significance in the evaluation of therapeutic efficacy
(Gardner & Altman, 1990).

Method
An attempt was made to gather data from all controlled
trials of lithium augmentation in antidepressant-resistant
patients. The relevant references were obtained using a
computer-aided search, and an informal search through
Index Medicus, recent journal reviews and published
studies.Directcontactwithauthors wasmadewhendetails
of interest were not available from the published data.
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The trials included in the review were required to have
random assignment to lithium or placebo and double-blind
evaluation. In addition, all studies included in this analysis
defined treatment-resistant patients as those not responding
to a minimum of 150mg/day of a tricycic antidepressant
(or an equivalent antidepressant) given for three weeks or
more. Patients were required to havea minimum lithium level
of 0.4 mmol/l at the time of assessmentof treatment response
(Blier & de Montigny, 1985). In spite of its small number,
the Kantor et a! (1986) study was included as we wished
to analyse the maximum number of patients. Two studies
were excluded, the first, by de Montigny et a! (1983), was
excluded due to its use of a lithium rather than a placebo
control group, and the second, by Cournoyer et a! (1984),
did not lend itself to this type of analysis because of its
cross-over design and lack of sufficient raw data to allow
inclusion of the results of the first phase of the trial. In
the studyby Stein&Bernadt(1988)the lithiumlevelsin the
double-blind placebo-controlled phase were @0.4mmol/l.
It wasworth analysing,however,becauseof the relatively
large number of patients studied. Effect sizes were therefore
calculated with and without this study. With Stein's study
included, 99 patients were analysed in total.

Statistical procedure

Both the significance and the magnitude of effect are
readily determined for categoricaldata from 2x 2 tables
(e.g. lithium/placebox responder/non-responder) using the
Mantelâ€”Haenszelmethod(Mantel&Haenszel,1959).For
the effect size, the odds ratio together with its associated
confidence interval has been advocated as both intuitively
comprehensible and statistically elegant (Yusuf et al,1985).
The expected number of failures in the lithium augmentation
group, E, was contrasted with the observed number of
failures, 0, as follows.

E_(b+d)(a+b)
n

where b + d is the number of patients not responding in the
lithium and placebo groups, a + b is the number of patients
in the lithium group, and n is the total number of patients
in the trial.

If treatment were beneficial 0â€”E would tend to be
negative. If, on the other hand, treatment were wholly
without effect, the quantity 0â€”E would differ only
randomly from zero, with variance Vand standard error
rv, wherevariancewasgivenby

@=(a+b)(c+d)(a+c)(b+d)
,2 (nâ€” 1)

For i individual studies, E(01-E) would differ randomly
from zero if treatment were without effect (with variance
equal to the sum of individual variances, E V,). E(O,â€”E1)

would be negative if treatment were effective. Statistical
significancewas expressedas two-tailedP values, where
P= 0.05correspondsto (O-E)/@IT'=1.96.(O-E)/Vi'and
the E(O@â€”E,)/V@V1 were assumed to be normally dis
tributed. The odds of failure for patients on lithium
augmentation compared with the odds of failure for patients
on placebo was chosen as the main measure of risk, and
was givenby the odds ratio Â±95Â¾confidence intervals:
exp((0â€”E)/VÂ±1.96/VT') (Yusuf et a!, 1985).

The@ of association tests for between-treatment differ
encesinefficacyoncestudyeffectsare removed:it wasgiven
with one degree of freedom by [E(0,â€”E1)]2/E V1.The jc@
of heterogeneitytests whether between-studydifferences
are significant: it was given by the difference between the
total@ and the@ of association with n â€”¿�1 degrees of
freedom, where the total@ was given by E[(0,â€”E,)2/V@].

Results

Table 1givesdetails of patient entry criteria, and lithium
duration, dose and serum levels. Either lithium or placebo
was added to an antidepressant in all studies. Most studies
reported on unipolar patients, except for SchÃ¶pfet a! (1989),
where a third of patients were bipolar. All patients met
either DSMâ€”IIIor RDC criteria for major depressive
disorder/episode. There was a wide range of scores on the
Hamilton Rating Scalefor Depression(HRSD)(Table 1),
suggestingthat the studies included patients with a wide
spectrum of illness severity. While all patients had been on
an antidepressant for three weeks or more, illness duration
at thetimeof entryintothetrialwassomewhatunclear,with
the exception of Zusky eta! (1988) and SchÃ¶pfeta! (1989),
who gave a mean illness duration of six months. In Table
1, â€˜¿�Duration'refers to the period during which the trial was
double-blind and placebo-controlled. This period was

T@ different in most casesfrom the full duration of the trial,
Â° b which in Heninger et a! (1983) was 24 days; in Zusky et

d a + d a! (1988) 21 days; and in Schopf et a! (1989) 14 days.
C + Table 2 shows the findings of these studies. SchÃ¶pf eta!

b + d â€œ¿� (1989) and Stein & Bernadt (1988) defined responders as
patients with a @50Â°1odrop in HRSD, and Kantor et al
(1986) used a @40%drop in HRSD. Heninger et a! (1983)
used a decrease of 2 or more points on the Short Clinical
Rating Scale (SCRS; a 15-point nurse-rated â€˜¿�psychopath
ology' scale)as theirmeasureof response,whileZuskyet a!
(1988)definedrespondersas those withan HRSD scoreof
7 or less. Only half the studies were said to be â€˜¿�significant'
(P<0.05), but all the studies(exceptStein&Bernadt, 1988)
showed a positive treatment effect as indicated by negative
0-E values.Indeed,whenpooledsignificancevalueswere
considered, these results were unlikely to have occurred by
chance (P<0.OOl).

Figure 1 illustrates both individual and pooled effect
sizes and confidence intervals. The pooled odds ratio is
0.146, with a 95Â¾confidence interval ranging from 0.05
to 0.44. The pooled 0â€”Evalue is â€”¿�6.5,which means that
13 out of 34 patients, or nearly 401o, were â€˜¿�responders'
when treated with lithium.

The@ of heterogeneity was 2.5 (NS), indicating that the
studies did not significantly differ in the results they

Responders Non-responders
a b
C

a+c

Lithium
Placebo
Total

gives
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Study Patient entry criteria Duration Lithium dose and serumlevel(a)

Heningereta!, 1983 Unipolar:14/15 12 days 900-1200mg/dayMean
HRSD:34.5Â±10.4 0.5-1mmolfl(b)

Kantoreta!, 1986 MeanHRSD:23.3 Â±3.8 48 hours 900mg/dayLevels
notavailable(c)

Zusky eta!, 1988 Patientswith HRSD@12 14 days @300mg/dayMean
HRSD:22.6Â±8.9 @0.4mmol/l in 2ndweekEpisode

duration: 9months(d)

SchÃ´pfeta!, 1989 Patientswith HRSD@15 7 days@ 800mg/dayUnipolar:
18/27 0.6-0.8mmol/lMean

HRSD:20Â±4.9Episode
duration: 8monthsStein

& Bernadt, 1988 Mean HRSD:25.1 Â±5.2 3 weeks 250mg/dayMean
level 0.23mmol/lobtained.

When Stein & Bernart's (1988)study was included, that many clinicians would in practice wait morethanthe
x2 of heterogeneity was 8.5, giving a P value of 0.005, four weeks before changing to another treatment if

thereby highlighting its differences in method from the rest no response was seen.
of the studies. With inclusion of this study, the pooled odds Secondly one must question whether a response
ratio increasedto 0.29, whilethe 95% confidenceintervals to lithium augmentation given for only 48 hours can
became 0.12â€”0.73â€”¿�a significant increase in width, as onewould cx ect be regarded as fully meaningful. The rationale for

the original design of the de Montigny et a!(1981)trial
was based on the hypothesis that â€˜¿�chronic'

ISCUSS Ofl administration of tricycic antidepressants leadstoNo
statistical synthesis can overcome flaws in method increased sensitivity of forebrain neurons to 5-HTandinherent

in the studies themselves. Firstly, while that the acute administration of lithium releases5-HTmost
authors chose to use the de Montigny et al on to these receptors to form the basis of antidepress

(1981) definition of treatment-resistant depression ant efficacy. This acute pre-synaptic enhancementof(@
150mg/dayofa tnicycicantidepressantgivenfor transmitterreleasehasbeenshowntooccuratlithium3

weeks leading to an HRSD score decrease of concentrations @0.4mmol/l (Blier & deMontigny,less
than 4OClo),many clinicians would favour the 1985). Some authors do report a therapeuticeffectWorld

Psychiatric Association (1974) definition, after 48 hours of lithium augmentation atappropriatewhich
requires that a patient be treated for between concentrations (de Montigny et a!, 1983;Cournoyerfour

and six weeks with a tnicycic antidepressant at eta!, 1984; SchOpf eta!, 1989), but others reportlittlea
dose@ 150 mg/day in order to be defined as or no effect until one week after commencementoftreatment-resistant.

Nevertheless, it is doubtful lithium (Heninger et a!, 1983). Schopf et a!(1989)Table

2Results
ofcontrolledtrialsoflithiumaugmentation1Study

Lithium @acebo 0 -E V P

Responders Non-responders RespondersNon-responders(a)

Heningereta!, 1983 5 3 0 7 â€”¿�2.30.88<0.014(b)
Kantor eta!, 1986 1 3 0 3 â€”¿�0.40.24NS(c)
Zusky eta!, 1988 3 5 2 6 â€”¿�0.50.92NS(d)
SchÃ¶pfeta!, 1989 7 7 0 13 â€”¿�3.31.34<0.005Total

16 18 2 29 â€”¿�6.53.38<0.001Stein
& Bernadt, 1988 2 14 4 14 +0.8 1.27NSTotal+Stein

& Bernadt 18 32 6 43 â€”¿�5.74.65 <0.008
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Table 1
Controlledtrialsof lithiumaugmentation

1. 0â€”E is the observed minus expected number of failures in the lithium group; V is the variance of 0â€”E; P is the two-tailed probability
corresponding to each normal deviate given by (0â€” E)NV
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overcome by their combination to give a grand total
of 99 patients in all (if Stein's study is included). Since

_____________________________ probably up to 30Â°loof patients treated with a tnicycic
______________________________ antidepressant do not respond, this remains a rela

tively disappointing total: these patients are not rare.
________________________ The majority of the patients included in this

analysis were moderately depressed (total mean
HRSD score, 2@4.4).Although illness severity is
said not to influence response to lithium augmentation
(de Montigny et a!, 1983; SchOpf, 1989), it cannot

_____________________________ be assumed that lithium would be efficacious in
severely depressed patients. Thus the range of
patients to which the favourable effect of lithium
applies remains uncertain.

I I I I A binary outcome scale, required for the Mantel
0 1 2 3 4 5 Haenszel method, may appear too crude to assess

an acute treatment such as lithium augmentation.
However, we believe it reasonably reflects clinical
decision-making. The other advantage lies in the
simplification of the raw data for direct analysis; this
minimises bias of method but allows optimal use of
the available data by pooling all study results.

In summary, our findings suggest that lithium aug
mentation is effective. The pooled effect size is large
and our presentation of the results illustrates the
difference in emphasis between a statistical analysis
based on significance levels and one based on effect
size. Thus â€˜¿�negative'studies (Kantor eta!, 1986; Zusky
eta!, 1988;Stein & Bernadt, 1988)are not statistically
discriminating but, equally, are not necessarily nega
tive (in terms of effect size), as would be reported in
traditional reviews (Schopf, 1989; Schou, 1990). The
difference is not a trivial one because the analyses lead
to opposite conclusions: that lithium is ineffective
(because â€˜¿�notsignificant'), or that it may be effective
(as shown by a significant effect size)but that the con
fidence interval is too great to allow certainty. We
believe that the present review supports the practice of
lithium augmentation in treatment-resistant patients.
The odds of remaining ill are reduced by between 56%
and 95Â°lowith lithium augmentation. This appears
to be a worthwhile benefit. However, the present
data do not offer clues as to who will respond, and
we do not know for how long to continue treatment.

Stein& Bernadt@ : I I
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(a) ti::i

(b) I I I

(c) I I

(d)

Pooled@

Total i:i::i

ODDS RATIO
Fig. I The odds ratio with the 95'!. confidence intervals for
individual and pooled data from lithium augmentation studies.
Studies (a)â€”(d)are as in Table 1. The left side(< 1) favours a positive
effect of lithium augmentation and the right side (> I) favours no
effect. Some studies have 95'!. confidence intervals which extend
beyond 5 and are not drawn in full (Kantor et a! (1986), 0.004 to
11.6;Stein& Bernadt(1988), 0.22 to 15.8). â€˜¿�Pooled'refersto pooled
results of studies (a)â€”(d).

report an increase in the proportion of responders
from about 20Â°loresponding at 48 hours to 40%
responding within two weeks.

Individual studies have other more minor variations
that may limit their comparability. Heninger et a!
(1983) used a nurse-rated scale, the SCRS, to assess
outcome, thus making the detail of their results less
comparable with those of other studies. However,
they report unambiguously the favourable clinical
outcome of the study. Kantor et a! (1986) suffered
a large number of drop-outs, and due to the resulting
small numbers this study, taken on its own, was
entirely inconclusive. SchOpf et a! (1989) included
bipolar patients who, when depressed, appear to
show a response to lithium alone. This could have
increased the chance of a spurious positive response
to lithium augmentation; however, the ratio of
responders to non-responders in the unipolar and
bipolar groups is similar at one week, and so the
response to lithium does not appear to have been
biased by the inclusion of bipolar patients. This
similarity of response to lithium augmentation in
unipolar and bipolar patients has also been reported
by Price eta! (1986). Other problems with the Schopf
et a! (1989) study included the use of small doses of
neuroleptics in a number of patients, and less than
adequate doses of antidepressant in others (although
tricycic serum levels for these patients were reported
to be within the therapeutic range). The limitation of
small numbers in all the studies is only partly
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