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  Abstract
  BackgroundDysfunction of neuroplasticity due to N-methyl-d-aspartate (NMDA) receptor hypofunction may be a causal factor for memory and executive dysfunctioning in schizophrenia. Deregulation of NMDA transmission in the prefrontal cortex may also explain negative and positive symptoms. Clozapine augmentation with memantine targets altered NMDA receptor-mediated neurotransmission in schizophrenia and showed substantial beneficial effects on several symptom domains in a small proof-of-concept study. We evaluate effects of memantine add-on treatment to clozapine for memory and executive function, and negative and positive symptoms in schizophrenia.

MethodClozapine-treated patients with refractory schizophrenia were randomly assigned to 12 weeks of double-blind adjunctive treatment with memantine (n = 26) or placebo (n = 26). Crossover occurred after a 2-week placebo wash-out period. Primary endpoints were change from baseline to 12 weeks treatment and 14 weeks to 26 weeks treatment on memory and executive function using the Cambridge Neuropsychological Test Automated Battery (CANTAB), Positive and Negative Syndrome Scale (PANSS), and Clinical Global Impression Severity Scale (CGI-S). Side effects were assessed using the Liverpool University Neuroleptic Side-Effect Rating Scale.

ResultsWhen compared with placebo, memantine improved a composite memory score comprising verbal recognition memory and paired associates learning task scores on the CANTAB (effect size = 0.30) and PANSS negative subscale score (effect size = 0.29). Side effects were mild and transient.

ConclusionsIn patients with clozapine-treated refractory schizophrenia, memantine addition significantly improved verbal and visual memory and negative symptoms without serious adverse effects. These results justify further investigations on long-term memantine augmentation to clozapine in treatment-resistant schizophrenia.
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 Introduction

 Although clozapine is efficacious for treatment-resistant schizophrenia patients, as many as 70% of patients show only a partial response (Hasan et al.
Reference Hasan, Falkai, Wobrock, Lieberman, Glenthoj, Gattaz, Thibaut and Möller2012). Polypharmacy is frequently used; however, evidence concerning additional pharmacological treatment of refractory schizophrenia is limited (Muscatello et al.
Reference Muscatello, Bruno, De Fazio, Segura-Garcia, Pandolfo and Zoccali2014; Veerman et al.
Reference Veerman, Schulte, Begemann and de Haan2014a
, Reference Veerman, Schulte, Begemann, Engelsbel and de Haan
b
). Novel avenues of research are needed to bring about improved drug treatment of schizophrenia.

 On the basis of the glutamate hypothesis, with hypofunction of the glutamate N-methyl-d-aspartate (NMDA) receptor as an underlying mechanism for schizophrenia (Stone et al.
Reference Stone, Morrison and Pilowsky2007; Kantrowitz & Javitt, Reference Kantrowitz and Javitt2010), glutamate modulators can be seen as promising antipsychotic agents (Veerman et al.
Reference Veerman, Schulte and de Haan2014
c). The glutamate hypothesis of schizophrenia stipulates that hypofunction of the NMDA receptor is responsible for excitotoxic neurodegeneration, dysfunction of neuroplasticity and dysregulation of downstream neurons in response to glutamate release, resulting in cognitive impairment and negative symptoms (Javitt & Zukin, Reference Javitt and Zukin1991; Bressan & Pilowsky, Reference Bressan and Pilowsky2000; Howes & Kapur, Reference Howes and Kapur2009; Orellana & Slachevsky, Reference Orellana and Slachevsky2013). Positive symptoms may develop through disinhibition of prefrontal cortical γ-amino butyric acid (GABA) interneurons, which are responsible for recurrent inhibition of pyramidal neurons (Homayoun & Moghaddam, Reference Homayoun and Moghaddam2007).

 Memantine acts as a low-affinity type, uncompetitive, non-selective and voltage-dependent NMDA receptor antagonist (Parsons & Gilling, Reference Parsons and Gilling2007). Memantine is licensed for treatment of moderate-to-severe Alzheimer's disease (AD) (Areosa et al.
Reference Areosa, Sherriff and McShane2005). Efficacy in patients with moderate-to-severe AD was demonstrated in a meta-analysis of six randomized placebo-controlled trials showing modest beneficial effects on global status and cognition after treatment with memantine (Winblad et al.
Reference Winblad, Jones, Wirth, Stöffler and Möbius2007). Memantine has a favorable safety and tolerability profile (Farlow et al.
Reference Farlow, Graham and Alva2008).

 Favorable effects of memantine addition to non-clozapine antipsychotics described in case reports and open studies were replicated in only one of three placebo-controlled trials of memantine in combination with non-clozapine antipsychotics (Lieberman et al.
Reference Lieberman, Papadakis, Csernansky, Litman, Volavka, Jia and Gage2009; Lee et al.
Reference Lee, Lee, Lee, Park, Kim and Kim2012; Rezaei et al.
Reference Rezaei, Mohammad-Karimi, Seddighi, Modabbernia, Ashrafi, Salehi, Hammidi, Motasami, Hajiaghaee, Tabrizi and Akhondzadeh2013). However, memantine is thought to be more promising as an adjunctive therapy to clozapine than to non-clozapine antipsychotics. One small 12-week randomized, placebo-controlled trial (n = 21) demonstrated efficacy of memantine augmentation in patients with partial remission of negative symptoms of schizophrenia on clozapine treatment with large effect sizes (ESs) for overall symptoms (ES = 2.75), positive symptoms (ES = 1.38), negative symptoms (ES = 3.33) and global cognitive functioning (ES = −1.32) (de Lucena et al.
Reference de Lucena, Fernandes, Berk, Dodd, Medeiros, Pedrini, Kunz, Gomes, Giglio, Lobato, Belmonte-de-Abreu and Gama2009).

 The favorable effects of memantine augmentation to clozapine may be related to their conjunct action on NMDA receptors. This particular combination modulates glutamatergic neurotransmission at multiple levels (Veerman et al.
Reference Veerman, Schulte and de Haan2014c
): clozapine induces both up-regulation of α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors and NMDA receptors (Yeun et al.
Reference Yeun, Zhong and Yan2010; Tanahashi et al.
Reference Tanahashi, Yamamura, Nakagawa, Motomura and Okada2012), and memantine may enhance further up-regulation of NMDA receptors causing activation in the presence of a strong stimulus (Joshi et al.
Reference Joshi, Yang and Wang2007). NMDA receptors are highly expressed in the hippocampus (Bliss & Collingridge, Reference Bliss and Collingridge1993). Improvement of hippocampal dysfunction and functional connectivity between brain circuits, involving the prefrontal cortex (PFC) through NMDA-receptor mediated neuroplasticity, explains why combination therapy of clozapine and memantine possibly targets two specific cognitive domains: impaired memory and executive function.

 Inspired by the unique functional psychopharmacological characteristics of the memantine–clozapine combination and the substantial positive findings of the first proof-of-concept study, we conducted a second, larger and more elaborate trial studying effects of adjunctive memantine therapy on memory, executive function and symptom severity in clozapine-treated patients suffering from refractory schizophrenia.




 Method


 Study design

 The study was approved by the Central Committee on Research Involving Human Subjects and the Medical Research Ethics Committee (MREC) of Alkmaar Medical Center and was conducted in accordance with the Declaration of Helsinki (World Medical Association, 2013). The study was a 26-week single-center, double-blind trial that was randomized and placebo controlled. The trial consisted of two crossover, 12-week treatment phases and a placebo wash-out period of 2 weeks in the 13th and 14th week to avoid carryover effects (Fig. 1). Clozapine dosage and use of concomitant medications were at the discretion of the treating psychiatrist and remained as much unaltered as possible throughout the study. Subjects were randomly assigned to receive an identical number of either memantine or placebo tablets. During the memantine phase a dosage of 10 mg taken once daily was built up after 1 week to 20 mg taken once daily during 11 weeks as add-on therapy to ongoing clozapine treatment. The dose of 20 mg/day was similar to the dosage used in all four randomized placebo-controlled trials in patients with schizophrenia (de Lucena et al.
Reference de Lucena, Fernandes, Berk, Dodd, Medeiros, Pedrini, Kunz, Gomes, Giglio, Lobato, Belmonte-de-Abreu and Gama2009; Lieberman et al.
Reference Lieberman, Papadakis, Csernansky, Litman, Volavka, Jia and Gage2009; Lee et al.
Reference Lee, Lee, Lee, Park, Kim and Kim2012; Rezaei et al.
Reference Rezaei, Mohammad-Karimi, Seddighi, Modabbernia, Ashrafi, Salehi, Hammidi, Motasami, Hajiaghaee, Tabrizi and Akhondzadeh2013).
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Fig. 1. Patient disposition in a double-blind, randomized, placebo-controlled trial of memantine as adjunctive treatment to clozapine in refractory schizophrenia. SAE, Serious adverse event; AE, adverse event.




 Randomization to starting with either memantine or placebo was designated on a 1:1 basis in blocks of four. The allocation sequence was produced independently by the pharmacist of the VU Medical Center in Amsterdam. The code was concealed for patients, care providers, raters and investigators until all subjects had completed the trial and data had been entered into a computer data file.




 Study population, inclusion and exclusion criteria

 The study was performed from August 2013 until August 2014, at 12 Flexible Assertive Community Treatment (FACT) facilities of the Mental Health Service Organization North Holland North (Netherlands) (van Veldhuizen, Reference van Veldhuizen2007). The original eligibility criterion of ‘out-patients’ was broadened to patients living either independently or in a sheltered home and patients admitted to open long-stay wards, receiving care from an out-patient facility. This was reported to the MREC of Alkmaar Medical Center. Eligible subjects were between the ages of 18 and 60 years, met Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) criteria for schizophrenia on the Mini International Neuropsychiatric Interview Plus (MINI-Plus) (Overbeek et al.
Reference Overbeek, Schruers and Griez1999), and failed to achieve remission criteria proposed by Andreasen et al. (Reference Andreasen, Carpenter, Kane, Lasser, Marder and Weinberger2005), defined as simultaneous ratings of mild or less (⩽3 points) on eight of the following Positive and Negative Syndrome Scale (PANSS) items: P1 delusions, G9 unusual thought content, P3 hallucinatory behavior, P2 conceptual disorganization, G5 mannerisms and posturing, N1 blunted affect, N4 passive or apathetic social withdrawal, N6 lack of spontaneity and flow of conversation. At inclusion, duration of clozapine therapy was at least 6 months with a minimum of 12 weeks with a clozapine plasma level above 350 ng/ml or intolerability to achieve this threshold (Schulte, Reference Schulte2003). Patients with a recent deterioration needing treatment in an acute treatment ward were not included. Other exclusion criteria included pregnancy, lactating women, and female subjects without adequate contraception, known hypersensitivity to memantine, co-medication with glutamate modulators, lactose intolerance, uncontrolled epilepsy, myocardial infarction, uncontrolled hypertension, renal insufficiency, liver failure or AD (Wesemann et al.
Reference Wesemann, Sontag and Maj1983). The sample size was calculated at 52, based on an ES of 0.55 (α = 0.05, power = 0.80) and accounting for an estimated discontinuation rate of 20%. After complete description of the study to the subjects, written informed consent was obtained by the principal investigator. Care providers distributed study medication and monitored compliance on a daily basis in patients in sheltered homes and open long-stay wards and on a weekly basis in out-patients.




 Clinical assessments

 We used the Cambridge Neuropsychological Test Automated Battery (CANTAB), a computerized, non-linguistic cognitive testing battery (Levaux et al.
Reference Levaux, Potvin, Sepehry, Sablier, Mendrek and Stip2007). Test selection was based on six cognitive domains, recommended by the Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS): reaction time and psychomotor speed, sustained visual attention, verbal memory, visuospatial memory, learning and association ability, working visuospatial memory and strategy use, spatial planning and motor control and emotion recognition (Nuechterlein et al.
Reference Nuechterlein, Green, Kern, Baade, Barch, Cohen, Essock, Fenton, Frese, Gold, Goldberg, Heaton, Keefe, Kraemer, Mesholam-Gately, Seidman, Stover, Weinberger, Young, Zalcman and Marder2008; Barnett et al.
Reference Barnett, Robbins, Leeson, Sahakian, Joyce and Blackwell2010). One cognitive domain of the MATRICS Consenus Cognitive Battery (MCCB) was not assessed, because Intra/Extra-Dimensional Set-Shifting (IED) for reasoning and problem solving was too difficult for our patient population with severe cognitive disturbances.

 Two cognitive domains were selected as primary outcomes: memory and executive function (see Table 2
†
Footnote 
1
). Memory was assessed by computing a composite score of the sum of the CANTAB scores of four tasks: verbal recognition memory (VRM) free recall and VRM recognition, and paired associates learning (PAL) total errors and PAL first trial memory score. To reduce practice effects a parallel form of the VRM task, equivalent in difficulty, was used for the second and fourth measurement. Executive function was assessed by computing a composite of three CANTAB task scores: One Touch Stockings of Cambridge (OTS) problems solved on first choice, and spatial working memory (SWM) strategy and SWM between errors.

 The PANSS was used to assess severity of positive, negative and total symptoms of schizophrenia (Kay et al.
Reference Kay, Fiszbein and Opler1987). We assessed the effect of memantine on two subdomains of negative symptoms: (1) expressive deficits [flat affect (N1), poor rapport (N3), lack of spontaneity and flow of conversation (N6), mannerisms and posturing (G5), motor retardation (G7) and avolition (G13)]; and (2) social amotivation [emotional withdrawal (N2), passive/apathetic social withdrawal (N4) and active social avoidance (G16)] (Liemburg et al.
Reference Liemburg, Catelein, Stewart, van der Gaag, Aleman and Knegtering2013; Millan et al.
Reference Millan, Fone, Steckler and Horan2014). Global severity of psychopathology was determined by using the Clinical Global Impression Severity Scale (CGI-S) (Guy, Reference Guy and Guy1976).

 Careful clinical procedures were performed to assess safety and tolerability of memantine add-on therapy to clozapine. Physical examination included measurements of waist circumference and blood pressure. Regular controls of white blood cell count and differentiation were combined with measurements of liver and renal function, blood glucose, lipids and plasma clozapine level (12 ± 0.5 h after ingestion). The occurrence and intensity of side effects were assessed by self-rating on the Liverpool University Neuroleptic Side-Effect Rating Scale (LUNSERS) (Day et al.
Reference Day, Wood, Dewey and Bentall1995) augmented with rating of Likert scales for possible side effects of memantine (thrombosis, dyspnoea, and mycosis).

 All outcomes were rated before treatment initiation, after 12 weeks, after 14 weeks, and after 26 weeks. Two raters were trained in diagnostic interviewing and all clinical assessments. Inter-rater exact and adjacent agreement (within one scale point) was 96% for the PANSS, based on seven assessments (two live patient interviews and five videotaped patient interviews).

 Adverse events (AEs) were defined as any undesirable experience occurring to a subject during the study, whether or not they were considered to be related to memantine ingestion. All AEs, reported by either the subject or treatment staff, were recorded. Admission to a psychiatric hospital was no reason to break the code or for withdrawal from the study. A medical emergency was the only reason to break the code and withdraw the subject from the study.




 Statistical analysis

 To determine the effects of memantine on the hypothesized cognitive functions, schizophrenia symptoms, safety measures, and side effects, the two phases (memantine or placebo) of the crossover trial were compared using a linear mixed-effects model conducted in SPSS Statistics version 22.0.0 (SPSS Inc., 2014). This analytic approach can estimate random and fixed effects simultaneously (Putt & Chinchilli, Reference Putt and Chinchilli1999). A natural log transformation was applied to cognitive function scores assessed via the CANTAB, which are non-normally distributed, so that estimates from the linear mixed-effects models would be trustworthy.

 We conducted the analyses using an intention-to-treat (ITT) analytic approach and a per-protocol analytic approach, which included only protocol completers. Protocol completion was defined as having completed both treatment phases without a serious protocol violation in the memantine phase. There was no significant difference in study completion rate by random group assignment (group 1 = 23/26, group 2 = 21/26; χ2
1 = 1.209, p = 0.47). We also tested a number of covariates in the model, which are potentially related to the dependent variables. Covariates included patient age and gender, years of education, age of onset, duration of psychosis and duration of untreated psychosis. We followed the backwards trimming method described by Singer & Willett (Reference Singer and Willett2003) to construct our models: as covariates were entered into the model, one at a time, those that were significantly related to one of the model's parameters were retained. Only the patient's years of education variable was related to the slope paramater; thus, this variable was retained in the final model and the others were discarded.

 We first tested a model with random intercepts. However, the models failed to converge or produced errors in the Hessian matrix, so the intercept parameter was fixed to ensure trustworthy parameter estimates. The slope parameter was treated as a fixed effect after it was found that models with random slopes resulted in worse model fit. This indicates that models with fixed intercepts and slopes (i.e. constraining these parameters to be equal across participants) do not significantly differ from models in which these parameters are individually estimated. All tests of significance were two-tailed, and α was set to 0.05. Standardized ESs (Cohen's d) were calculated (Cohen, Reference Cohen1988). We performed a post-hoc analysis to assess whether memantine had a more pronounced effect on expressive deficits or social amotivation. To evaluate possible differences between in-patients admitted to long-stay wards and other included patients we performed a post-hoc analysis of demographic variables and baseline characteristics and also conducted a post-hoc analysis of out-patients, excluding patients admitted to long-stay wards.




 Reliability of analyses

 To include the full, randomized sample in the analyses, restricted maximum likelihood estimation was used, which has been shown to provide unbiased estimates when data are missing at random or missing completely at random (MCAR) (Little & Rubin, Reference Little and Rubin2002). There was some degree of missing data in our sample (see Tables 2 and 3 and online Supplementary Tables S1 and S2 for valid n's), but the data were determined to be MCAR (39) (χ2
737 = 144.40, p = 1.00), so the missing data did not introduce bias into the analyses.

 Two steps were taken in the analytic strategy to address unique sources of potential bias in the crossover design: (1) a period effect parameter and a period × treatment interaction were tested to determine whether the order in which memantine was received was related to the outcome and whether there was a larger effect in one of the phases of the trialFootnote 
2
; and (2) carryover effects were controlled for in all analyses.

 Other possible confounders were analysed, such as change in clozapine dosage, concomittant medication, substance use, and use of psychotherapy during the study. The element of expectation of the placebo response was tested by examining whether pretrial expectations of positive benefits of memantine moderated the effect on the outcomes of active drug and placebo. Further, we analysed the degree of successful blinding by examining the degree of accurate appraisal of receipt of memantine from the perspective of the patient and the rater.






 Results


 Baseline characteristics


Fig. 1 presents participant screening and enrolment flow data. A total of 134 patients were screened, of whom 116 patients met inclusion criteria; 64 eligible patients refused participation. The remaining 52 patients gave informed consent and were enrolled. Table 1 presents demographic and clinical characteristics of the study population. Omnibus tests revealed that the two groups did not differ on any parameter except for significantly higher expectations for improvement in daily activities and living conditions in the group first assigned to placebo, compared with the group first assigned to memantine. A post-hoc analysis showed no significant differences between the six in-patients and the 46 out-patients on any of the demographic variables or baseline characteristics.



Table 1. Patient demographics and baseline characteristics
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s.d., Standard deviation.





a
 Eleven patients received aripiprazole, two patients received quetiapine, one patient received olanzapine and one patient received zuclopenthixol acetate.





b
 Four patients received valproate and two patients received lithium.












 Clinical efficacy results

 Analysis of effects using an ITT approach, presented in Table 2, indicated that all effects were in the direction of desired effect. The following primary outcome variables significantly improved during the memantine phase in comparison with the placebo phase: memory composite (F
4,655, ES = 0.30, p = 0.032); PANSS negative symptoms (F
1,84 = 4.170, ES = 0.29, p = 0.043). Other primary outcomes did not significantly improve after addition of memantine compared with placebo: executive function composite (F
1,84 = 4.655, ES = 0.12, p = 0.395); PANSS positive symptoms (F
1,84 = 1.008, ES = 0.15, p = 0.299); PANSS total symptoms (F
1,84 = 1.869, ES = 0.19, p = 0.174); CGI (F
1,84 = 0.591, ES = 0.11, p = 0.443). A post-hoc analysis on PANSS negative symptoms showed that memantine had a more pronounced effect on the expressive deficits subscale score (ES = 0.17) compared with the social amotivation subscale score (ES = 0.01). Table 2 contains the results of analyses on the individual CANTAB tasks comprising the two composite scores for reference only. No specific hypotheses were tested concerning the individual CANTAB tasks.



Table 2. Intention-to-treat analysis of primary treatment effects
a
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 CO, Carryover effect (p value of paired t test); ES, effect size (Cohen's d); CANTAB, Cambridge Neuropsychological Test Automated Battery; VRM, verbal recognition memory-immediate (free recall) and verbal recognition memory-delayed (recognition); PAL, paired associates learning; SWM, spatial working memory; OTS, One Touch Stockings of Cambridge; CGI-S, Clinical Global Impression Severity Scale; PANSS, Positive and Negative Syndrome Scale; PANSS-P, PANSS positive subscale; PANSS-N, PANSS negative subscale; PANSS total, PANSS total symptom score.





a
 All effects were in the direction of the desired effect.




 * Significant beneficial effect.









 This pattern of significant results in the ITT approach was consistent with the per-protocol analyses: memory composite (F
4,150, ES = 0.31, p = 0.043); and PANSS negative symptoms (F
1,72 = 3.514, ES = 0.21, p = 0.043). Tables 2 and 3 and online Supplementary Tables S1 and S2 summarize results and statistics of primary outcomes, side effects and safety measures.



Table 3. Side effects and safety measures
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 AE, Adverse event; LUNSERS, Liverpool University Neuroleptic Side-Effect Rating Scale; s.d., standard deviation.





a Extrapyramidal symptoms: items 19, 29, 34, 37, 40, 43, 48; anticholinergic side effects: items 6, 10, 32, 38, 51; other autonomic side effects: items 15, 16, 20, 27, 36; allergic reactions: items 1, 35, 47, 49; psychic side effects: items 2, 4, 9, 14, 18, 21, 23, 26, 31, 41; hormonal side effects: items 7, 13, 17, 24, 46, 50; miscellaneous side effects: items 5, 12, 39, 44; red herrings: items 3, 8, 11, 12, 25, 28, 30, 33, 42, 45.









 A post-hoc analysis showed no evidence to suggest that the six patients admitted to long-stay wards responded differently to memantine than the 46 out-patients. In comparison with the full sample of 52 patients, the ESs were nearly identical in magnitude (data available on request).




 Possible confounders

 Tests for period effects and period × treatment interaction were non-significant across all outcomes. When matched-pair t tests were used to compare scores from the first baseline to the second baseline of the trial, carryover effects were significant for the memory composite from the CANTAB, PANSS positive, negative, and total scores. t Tests and a repeated-measures analysis of variance indicated no significant differences in clozapine levels across the four assessment times in the trial, suggesting that memantine has no effect on clozapine levels. Clozapine dosage (mean 350 mg, range = 75–1000 mg) remained unaltered in all subjects except in one subject in the placebo phase whose clozapine dosage was increased with 175 mg because of agitation and verbal aggression. Alterations in concomitant medications throughout the study were limited to changes in benzodiazepines in one subject in the placebo phase. Use of substances or psychotherapy did not significantly change during the trial (see online Supplementary Table S3). Tests of moderation based on low and high levels of expectation for improvement prior to beginning the trial revealed that the element of expectation did not contribute to the placebo effect. Blinding was successful, in that 45.7% of patients guessed correctly which group they had been randomized to. The raters were correct in 21.7% of cases.




 Safety and tolerability

 No significant changes in liver and renal function were observed. Compared with placebo, memantine did not significantly affect metabolic parameters, such as waist circumference, blood pressure, blood glucose or lipids (see Table 3). The only significant increase in reported side effects while taking memantine was found on the Allergic Reactions subscale of the LUNSERS (rash, sensitivity to sun, unusual skin marks, and itchy skin).

 Of all AEs (see Table 4), one report of dizziness, a common side effect of memantine in elderly patients with AD, was probably related to memantine. Complaints of dizziness were alleviated within 5 days of discontinuation of study medication. There were two reports of temporary increase in constipation, which were rated as possibly related to memantine. Both participants had been already treated with laxatives because of clozapine-induced constipation. We observed one serious AE (a suicide attempt during the placebo phase).



Table 4. Adverse events (n)
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 Discussion and conclusions

 Inspired by the unique psychopharmacological characteristics of the memantine–clozapine combination and the substantial positive findings of the first proof-of-concept study we conducted a second proof-of-concept study with a larger sample size and a computerized cognitive test battery to ensure accurate and objective study data with minimized inter-rater variability to evaluate the efficacy of memantine as an adjunct to clozapine in refractory schizophrenia.

 Memantine treatment added to clozapine was associated with significant improvement in memory (ES = 0.30). Memory-enhancing effects of the combination therapy of clozapine and memantine may be a result of up-regulation of synaptic NMDA receptor currents in the hippocampus, facilitating induction of long-term potentiation and therefore learning and memory (Kornmeier & Sosic-Vasic, Reference Kornmeier and Sosic-Vasic2012).

 Memantine did not significantly improve executive function (ES = 0.12). Executive function is a central cognitive process, involving the PFC, corticocortical and corticosubcortal networks (Evans et al.
Reference Evans, Chua, McKenna and Wilson1997; Lesh et al.
Reference Lesh, Niendam, Minzenberg and Carter2011). Enhancement of executive function would require effects on more elaborate networks and several cognitive domains including planning, working memory, strategy use, cognitive flexibility and ability to suppress impulsivity. Apparently, memantine addition does not improve the functioning in these networks, or alternatively longer treatment duration is needed.

 Negative symptoms significantly improved with a small ES (ES = 0.29). Memantine affected diminished expression to a larger extent than social amotivation. Improvement of expressive deficits may be a result of increased signal transmission with an enhanced signal-to-noise ratio in the PFC (Geerts & Grossberg, Reference Geerts and Grossberg2006; Hasan et al. Reference Hasan, Falkai and Wobrock2013) due to the particular combination of clozapine and memantine.

 Memantine and placebo did not differ significantly with respect to adverse effects, except for mild and transient allergic symptoms.

 Improvement of cognitive disturbances and negative symptoms is an important goal for treatment-resistant schizophrenia. Together these symptoms have a more pronounced impact on psychosocial functioning and quality of life than positive symptoms (Ventura et al.
Reference Ventura, Subotnik, Gitlin, Gretchen-Doorly, Ered, Villa, Hellemann and Nuechterlein2015). Clinical impairment of memory is one of the major disabilities in schizophrenia. Specifically, verbal memory is a strong predictor of functional outcome (Green, Reference Green1996). Favorable effects of memantine in combination with clozapine may be based on the neuroprotective properties and pharmacodynamic activities of this combination. In a recent proton magnetic resonance spectroscopy study anterior cingulate cortex glutamate levels were elevated in patients with treatment-resistant schizophrenia compared with patients with treatment-responsive schizophrenia, endorsing our hypothesis that memantine is specifically efficacious in refractory schizophrenia (Mouchlianitis et al.
Reference Mouchlianitis, Bloomfield, Law, Beck, Selvaraj, Rasquinha, Waldman, Turkheimer, Egerton, Stone and Howes2015).

 The effect of memantine augmentation that we found is in line with the improvement of negative symptoms that has been found in five trials of addition of a glutamate antagonist to clozapine in partially responding schizophrenia patients (Goff et al.
Reference Goff, Keefe, Citrome, Davy, Krystal, Large, Thompson, Volavka and Webster2007 (study 926); Zoccali et al.
Reference Zoccali, Muscatello, Bruno, Cambria, Micò, Spina and Meduri2007; Afshar et al.
Reference Afshar, Roohafza, Mousavi, Golchin, Toghianifar, Sadeghi and Talaei2008; de Lucena et al.
Reference de Lucena, Fernandes, Berk, Dodd, Medeiros, Pedrini, Kunz, Gomes, Giglio, Lobato, Belmonte-de-Abreu and Gama2009; Muscatello et al.
Reference Muscatello, Bruno, Pandolfo, Micò, Bellinghieri, Scimeca, Cacciola, Campolo, Settineri and Zoccali2010). Topiramate and lamotrigine both showed favorable effects on negative symptoms in each of two trials, with ESs varying from 0.76 to 1.37 and 0.66 to 1.21, respectively. Cognitive functioning had been assessed with different cognitive test batteries in five double-blind, placebo-controlled randomized trials of clozapine augmentation with glutamate antagonists. In one trial of topiramate (Muscatello et al.
Reference Muscatello, Bruno, Pandolfo, Micò, Bellinghieri, Scimeca, Cacciola, Campolo, Settineri and Zoccali2010) and two trials of lamotrigine add-on therapy to clozapine (Goff et al.
Reference Goff, Keefe, Citrome, Davy, Krystal, Large, Thompson, Volavka and Webster2007 (study 926); Vayısoğlu et al.
Reference Vayısoğlu, Anıl Yağcıoğlu, Yağcıoğlu, Karahan, Karcı, Gürel and Yazıcı2013), cognitive functions did not significantly change compared with placebo. However, two trials showed favorable results on cognition (Zoccali et al.
Reference Zoccali, Muscatello, Bruno, Cambria, Micò, Spina and Meduri2007; de Lucena et al.
Reference de Lucena, Fernandes, Berk, Dodd, Medeiros, Pedrini, Kunz, Gomes, Giglio, Lobato, Belmonte-de-Abreu and Gama2009). In the study by Zoccali et al. (Reference Zoccali, Muscatello, Bruno, Cambria, Micò, Spina and Meduri2007), the only cognitive function that significantly improved was semantic fluency after 24 weeks of addition of lamotrigine 200 mg daily.

 The differences and similarities between our results and that of the 12-week memantine add-on study by de Lucena et al. (Reference de Lucena, Fernandes, Berk, Dodd, Medeiros, Pedrini, Kunz, Gomes, Giglio, Lobato, Belmonte-de-Abreu and Gama2009) are striking. De Lucena et al. (Reference de Lucena, Fernandes, Berk, Dodd, Medeiros, Pedrini, Kunz, Gomes, Giglio, Lobato, Belmonte-de-Abreu and Gama2009) found exceptionally large ESs on all treatment outcome parameters. Most striking was the large ES of 3.33 concerning negative symptoms (de Lucena et al.
Reference de Lucena, Fernandes, Berk, Dodd, Medeiros, Pedrini, Kunz, Gomes, Giglio, Lobato, Belmonte-de-Abreu and Gama2009). But also the effect on global cognitive functioning (ES = −1.32), as measured by the Mini-Mental State Examination (MMSE) (Folstein et al.
Reference Folstein, Folstein and McHugh1975), was substantial. Caution is necessary, for efficacy of memantine was perhaps overestimated partly by chance in this relatively small sample study (21 patients) (Sinclair & Adams, Reference Sinclair and Adams2014; Tajika et al.
Reference Tajika, Ogawa, Takeshima, Hayasaka and Furukawa2015). The crossover design of our larger double-blind randomized clinical trial eliminated the influence of between-subject variability on effect. The MMSE, used by de Lucena et al. (Reference de Lucena, Fernandes, Berk, Dodd, Medeiros, Pedrini, Kunz, Gomes, Giglio, Lobato, Belmonte-de-Abreu and Gama2009), does not measure executive functioning and detects cognitive deficits only at an advanced stage, because tasks for language and memory functions are extremely simple (Feher et al.
Reference Feher, Mahurin, Doody, Cooke, Sims and Pirozzolo1992). We used a more sensitive and comprehensive cognitive test battery developed for assessment of cognitive impairments in schizophrenia intervention studies (Levaux et al.
Reference Levaux, Potvin, Sepehry, Sablier, Mendrek and Stip2007). The Brief Psychiatric Rating Scale (BPRS), used by de Lucena et al. (Reference de Lucena, Fernandes, Berk, Dodd, Medeiros, Pedrini, Kunz, Gomes, Giglio, Lobato, Belmonte-de-Abreu and Gama2009), merely covers three negative symptom items (blunted affect, emotional withdrawal and psychomotor retardation). We used the more sensitive PANSS scale with seven items on the negative symptom subscale (Eckert et al.
Reference Eckert, Diamond, Miller, Velligan, Funderburg and True1996) and four additional items on the general symptom subscale in the post-hoc analysis (Liemburg et al.
Reference Liemburg, Catelein, Stewart, van der Gaag, Aleman and Knegtering2013). Our patient population differed compared with that of the first memantine augmentation to clozapine study in mean age (42.35 v. 34.67 years) and mean duration of illness (22.88 years v. 17.84 years), CGI-S scores (6.15 v. 5.34) and mean total PANSS and total BPRS scores (81.21 and 14.38, respectively), suggesting that our patient population was more severely ill than were patients in the study by de Lucena et al. (Reference de Lucena, Fernandes, Berk, Dodd, Medeiros, Pedrini, Kunz, Gomes, Giglio, Lobato, Belmonte-de-Abreu and Gama2009). Although in our patients the severity of residual negative symptoms was comparable with the severity of persistent positive symptoms (mean PANSS negative subscale = 22.12, s.d. = 5.86; mean PANSS positive subscale = 21.02, s.d. = 6.34), negative symptoms prevailed in the study by de Lucena et al. (Reference de Lucena, Fernandes, Berk, Dodd, Medeiros, Pedrini, Kunz, Gomes, Giglio, Lobato, Belmonte-de-Abreu and Gama2009). While mean total BPRS score (14.38) corresponds with ‘markedly ill’ according to CGI-S (score 5) in the de Lucena study, our patient population was rated as severely ill (mean CGI-S score 6.15) due to prominent cognitive impairment. These differences between studies may partly explain the more moderate beneficial effects of memantine addition in our study. However, the difference in ES for all symptom domains between the de Lucena study and ours is very large. It has been demonstrated that among randomized trials, initially stronger effects are not unusual (Ioannidis, Reference Ioannidis2005; Tajika et al.
Reference Tajika, Ogawa, Takeshima, Hayasaka and Furukawa2015). Memantine was generally well tolerated in both studies. Although there were no drop-outs in the first study, one participant discontinued in our trial because of dizziness in the memantine phase.

 The results of our study are limited by the short memantine treatment duration of 12 weeks. A longer treatment duration may result in more pronounced treatment effects associated with an improved glutamatergic balance, as was found in patients with AD. In a meta-analysis of six randomized, placebo-controlled trials of memantine treatment in 2311 patients with AD, symptoms of delusion were more improved after 24 to 28 weeks compared with 12 weeks (Puangthong & Hsiung, Reference Puangthong and Hsiung2009). Furthermore, the crossover design resulted in carryover effects on several measures, including verbal memory and all PANSS subscales, despite a 2-week placebo wash-out period. Although the model controls for carryover effects, these cannot be discarded completely. Practice effects were minimized due to the fact that the number of subjects randomized to the placebo and memantine groups before crossover was the same and a parallel form was used for verbal memory. Tests on executive function, depending on strategy, show strong practice effects and low test–retest reliability (Lowe & Rabbitt, Reference Lowe and Rabbitt1998). However, there is no research on practice effects using the CANTAB in patients with severe cognitive disturbances suffering from refractory schizophrenia. Although our study included more patients than the first investigation by de Lucena et al. (Reference de Lucena, Fernandes, Berk, Dodd, Medeiros, Pedrini, Kunz, Gomes, Giglio, Lobato, Belmonte-de-Abreu and Gama2009) our sample size is still relatively small (Sinclair & Adams, Reference Sinclair and Adams2014). The results of our study need to be validated in a randomized multicenter long-term treatment study with a large sample size and enough power to clearly show a reduction of at least 25% of the baseline score in order to help further evaluate pro-cognitive properties of memantine in combination with clozapine in refractory patients and its potential to reduce negative symptoms associated with schizophrenia (Leucht et al.
Reference Leucht, Davis, Engel, Kissling and Kane2009).

 In conclusion, we found evidence that addition of memantine may be a well-tolerated treatment option for cognitive impairments and negative symptoms in patients with clozapine-refractory schizophrenia, deserving further study.
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 Footnotes
  
 
† The notes appear after the main text.




 
 

1
 The full results of the study are available by request from the first author (S.R.T.V.).




 
 

2
 A period effect was included as a control only as the study does not have sufficient power to test for such an effect directly. Further, a period effect was not hypothesized.
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 Fig. 1. Patient disposition in a double-blind, randomized, placebo-controlled trial of memantine as adjunctive treatment to clozapine in refractory schizophrenia. SAE, Serious adverse event; AE, adverse event.
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 Table 1. Patient demographics and baseline characteristics
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 Table 2. Intention-to-treat analysis of primary treatment effectsa

 

 


View in content
 [image: Figure 3]

 Table 3. Side effects and safety measures
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 Table 4. Adverse events (n)

 

 

 [image: Supplementary material: File] 
     



 Veerman supplementary material
 Table S1


 [image: Download Veerman supplementary material(File)] 
     
         
         
             
             
        
    



 
 
  

  
 
File
63.5 KB



[image: Supplementary material: File] 
     



 Veerman supplementary material
 Table S2


 [image: Download Veerman supplementary material(File)] 
     
         
         
             
             
        
    



 
 
  

  
 
File
55.3 KB



[image: Supplementary material: File] 
     



 Veerman supplementary material
 Table S3


 [image: Download Veerman supplementary material(File)] 
     
         
         
             
             
        
    



 
 
  

  
 
File
60.4 KB





        



 
 [image: alt] 
 
 



 You have 
Access
 [image: alt] 
 




Open access

 	53
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
53




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Veerman, Selene R. T.
Schulte, Peter F. J.
and
de Haan, Lieuwe
2017.
Treatment for Negative Symptoms in Schizophrenia: A Comprehensive Review.
Drugs,
Vol. 77,
Issue. 13,
p.
1423.


	CrossRef
	Google Scholar






Veerman, Selene
Schulte, Peter
and
de Haan, Lieuwe
2017.
Memantine add-on to clozapine treatment for residual negative symptoms of schizophrenia.
Psychopharmacology,
Vol. 234,
Issue. 23-24,
p.
3535.


	CrossRef
	Google Scholar






Kishi, Taro
Ikuta, Toshikazu
Matsuda, Yuki
and
Iwata, Nakao
2017.
Response to the letter from Dr. Veerman and colleagues.
Psychopharmacology,
Vol. 234,
Issue. 23-24,
p.
3537.


	CrossRef
	Google Scholar






Kishi, Taro
Matsuda, Yuki
and
Iwata, Nakao
2017.
Memantine add-on to antipsychotic treatment for residual negative and cognitive symptoms of schizophrenia: a meta-analysis.
Psychopharmacology,
Vol. 234,
Issue. 14,
p.
2113.


	CrossRef
	Google Scholar






Di Iorio, Giuseppe
Baroni, Gaia
Lorusso, Marco
Montemitro, Chiara
Spano, Maria Chiara
and
di Giannantonio, Massimo
2017.
Efficacy of Memantine in Schizophrenic Patients: A Systematic Review.
Journal of Amino Acids,
Vol. 2017,
Issue. ,
p.
1.


	CrossRef
	Google Scholar






Veerman, S. R. T.
Schulte, P. F. J.
Deijen, J. B.
and
de Haan, L.
2017.
Adjunctive memantine in clozapine-treated refractory schizophrenia: an open-label 1-year extension study.
Psychological Medicine,
Vol. 47,
Issue. 2,
p.
363.


	CrossRef
	Google Scholar






Talpos, John C.
2017.
Symptomatic thinking: the current state of Phase III and IV clinical trials for cognition in schizophrenia.
Drug Discovery Today,
Vol. 22,
Issue. 7,
p.
1017.


	CrossRef
	Google Scholar






O'Tuathaigh, Colm M P
Moran, Paula M
Zhen, Xuechu C
and
Waddington, John L
2017.
Translating advances in the molecular basis of schizophrenia into novel cognitive treatment strategies.
British Journal of Pharmacology,
Vol. 174,
Issue. 19,
p.
3173.


	CrossRef
	Google Scholar






Bledsoe, Douglas
Tamer, Ceyhun
Mesic, Ivana
Madry, Christian
Klein, Bradley G.
Laube, Bodo
and
Costa, Blaise M.
2017.
Positive Modulatory Interactions of NMDA Receptor GluN1/2B Ligand Binding Domains Attenuate Antagonists Activity.
Frontiers in Pharmacology,
Vol. 8,
Issue. ,


	CrossRef
	Google Scholar






Light, Gregory A
Zhang, Wen
Joshi, Yash B
Bhakta, Savita
Talledo, Jo A
and
Swerdlow, Neal R
2017.
Single-Dose Memantine Improves Cortical Oscillatory Response Dynamics in Patients with Schizophrenia.
Neuropsychopharmacology,
Vol. 42,
Issue. 13,
p.
2633.


	CrossRef
	Google Scholar






Hsu, Wen-Yu
Lane, Hsien-Yuan
and
Lin, Chieh-Hsin
2018.
Medications Used for Cognitive Enhancement in Patients With Schizophrenia, Bipolar Disorder, Alzheimer’s Disease, and Parkinson’s Disease.
Frontiers in Psychiatry,
Vol. 9,
Issue. ,


	CrossRef
	Google Scholar






Siskind, Dan J
Lee, Michael
Ravindran, Arul
Zhang, Qichen
Ma, Evelyn
Motamarri, Balaji
and
Kisely, Steve
2018.
Augmentation strategies for clozapine refractory schizophrenia: A systematic review and meta-analysis.
Australian & New Zealand Journal of Psychiatry,
Vol. 52,
Issue. 8,
p.
751.


	CrossRef
	Google Scholar






Zheng, W.
Li, X-H.
Yang, X-H.
Cai, D-B.
Ungvari, G. S.
Ng, C. H.
Wang, S-B.
Wang, Y-Y.
Ning, Y-P.
and
Xiang, Y-T.
2018.
Adjunctive memantine for schizophrenia: a meta-analysis of randomized, double-blind, placebo-controlled trials.
Psychological Medicine,
Vol. 48,
Issue. 1,
p.
72.


	CrossRef
	Google Scholar






Sinkeviciute, Igne
Begemann, Marieke
Prikken, Merel
Oranje, Bob
Johnsen, Erik
Lei, Wan U.
Hugdahl, Kenneth
Kroken, Rune A.
Rau, Carina
Jacobs, Jolien D.
Mattaroccia, Silvia
and
Sommer, Iris E.
2018.
Efficacy of different types of cognitive enhancers for patients with schizophrenia: a meta-analysis.
npj Schizophrenia,
Vol. 4,
Issue. 1,


	CrossRef
	Google Scholar






Joshi, Yash B.
and
Light, Gregory A.
2018.
Using EEG-Guided Basket and Umbrella Trials in Psychiatry: A Precision Medicine Approach for Cognitive Impairment in Schizophrenia.
Frontiers in Psychiatry,
Vol. 9,
Issue. ,


	CrossRef
	Google Scholar






Koola, Maju Mathew
2018.
Potential Role of Antipsychotic-Galantamine-Memantine Combination in the Treatment of Positive, Cognitive, and Negative Symptoms of Schizophrenia.
Complex Psychiatry,
Vol. 4,
Issue. 3,
p.
134.


	CrossRef
	Google Scholar






Kim, Euitae
2018.
Treatment-Resistant Schizophrenia : Pathophysiology and Treatment.
Journal of Korean Neuropsychiatric Association,
Vol. 57,
Issue. 3,
p.
230.


	CrossRef
	Google Scholar






Faden, Justin
and
Citrome, Leslie
2019.
Resistance is not futile: treatment-refractory schizophrenia – overview, evaluation and treatment.
Expert Opinion on Pharmacotherapy,
Vol. 20,
Issue. 1,
p.
11.


	CrossRef
	Google Scholar






JUNHO, BRUNO TERRA
and
DE OLIVEIRA, VICTOR FERNANDES
2019.
The role of NMDA receptor antagonists, amantadine and memantine, in schizophrenia treatment: a systematic review.
Archives of Clinical Psychiatry (São Paulo),
Vol. 46,
Issue. 6,
p.
165.


	CrossRef
	Google Scholar






Zhand, Naista
Attwood, David G.
and
Harvey, Philip D.
2019.
Glutamate modulators for treatment of schizophrenia.
Personalized Medicine in Psychiatry,
Vol. 15-16,
Issue. ,
p.
1.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Memantine augmentation in clozapine-refractory schizophrenia: a randomized, double-blind, placebo-controlled crossover study








	Volume 46, Issue 9
	
S. R. T. Veerman (a1), P. F. J. Schulte (a2), J. D. Smith (a3) and L. de Haan (a4)

	DOI: https://doi.org/10.1017/S0033291716000398





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Memantine augmentation in clozapine-refractory schizophrenia: a randomized, double-blind, placebo-controlled crossover study








	Volume 46, Issue 9
	
S. R. T. Veerman (a1), P. F. J. Schulte (a2), J. D. Smith (a3) and L. de Haan (a4)

	DOI: https://doi.org/10.1017/S0033291716000398





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Memantine augmentation in clozapine-refractory schizophrenia: a randomized, double-blind, placebo-controlled crossover study








	Volume 46, Issue 9
	
S. R. T. Veerman (a1), P. F. J. Schulte (a2), J. D. Smith (a3) and L. de Haan (a4)

	DOI: https://doi.org/10.1017/S0033291716000398





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















