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Abstract

OBJECTIVE—To review the assessment and treatment of treatment-refractory pediatric 

obsessive-compulsive disorder (OCD).

METHOD—A PubMed search was conducted to identify controlled trials in pediatric OCD. 

Additionally, practice guidelines for the treatment of adults and children were further reviewed for 

references in treatment-refractory OCD across the lifespan.

RESULTS—Pharmacotherapy with selective serotonin reuptake inhibitors (SSRIs) and 

cognitive-behavioral therapy are effective treatments for pediatric OCD. Evidence suggests that 

CBT is additionally effective even in pediatric patients with refractory OCD symptoms. 

Antipsychotic augmentation, raising SSRI dosage, and several glutamate-modulating agents have 

some evidence of efficacy in adults with treatment-refractory OCD but have not been studied in 

pediatric populations.

CONCLUSION—Several pharmacological treatment options exist for children with refractory 

OCD symptoms. However, little evidence-based data exist to guide treatment for our most 

challenging pediatric OCD patients. Further research is needed to evaluate the efficacy/side-effect 

profile of commonly used interventions in treatment-refractory pediatric OCD.

Keywords

obsessive-compulsive disorder; cognitive-behavioral therapy; serotonin uptake inhibitors; 
antipsychotic agents; systematic review

© 2015 American Academy of Child and Adolescent Psychiatry

Correspondence to Michael H. Bloch, MD, MS, Child Study Center, Yale University School of Medicine, PO Box 207900, New 
Haven, CT 06520; michael.bloch@yale.edu.. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Disclosure: Dr. Bloch has received grant or research support from the NIH K23 Award, the Trichotillomania Learning Center, the 
Tourette Syndrome Association, the Patterson Foundation, NARSAD, the Rembrandt Foundation, and the American Academy of 
Child and Adolescent Psychiatry Research Initiative Junior Investigator Award. Dr. Storch has received grant funding from NIH, the 
Centers for Disease Control and Prevention, the Agency for Healthcare Research and Quality, the International OCD Foundation, and 
Ortho-McNeil Scientific Affairs Pharmaceuticals. He has received textbook honorarium from Springer, the American Psychological 
Association, Wiley Publishers, and Lawrence Erlbaum Associates. He is an educational consultant for Rogers Memorial Hospital. He 
serves as a consultant for Prophase, Inc. and CroNos, Inc., and serves on the Speaker's Bureau and Scientific Advisory Board of the 
International OCD Foundation. He has received research support from the All Children's Hospital Guild Endowed Chair.

HHS Public Access
Author manuscript
J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2016 April 01.

Published in final edited form as:
J Am Acad Child Adolesc Psychiatry. 2015 April ; 54(4): 251–262. doi:10.1016/j.jaac.2015.01.011.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



INTRODUCTION

Despite the existence of highly effective, safe treatments in pediatric obsessive-compulsive 

disorder (OCD), a substantial fraction of children with OCD do not achieve adequate 

symptom relief. Roughly one-quarter to one-third of children do not experience a treatment 

response with first-line treatments for OCD.1 A large number of children with OCD judged 

to be “clinical responders” in treatment studies still have significant residual symptoms. 

Even with the best evidence-based care provided by the most experienced OCD clinicians 

(combined treatment in the POTS trial), over 46% of children do not achieve a remission of 

their OCD symptoms.1 Perhaps an even greater issue in the treatment of pediatric OCD than 

the efficacy of evidence-based treatments is the lack of availability of these treatments to 

many children with OCD.

Children with OCD symptoms that do not respond to evidence-based treatments are among 

the most challenging and difficult patients with OCD to treat. Perhaps the most frustrating 

aspect in the care of these children is the lack of pediatric research devoted to the problem. 

This clinical review will focus on the assessment and treatment of children with refractory 

OCD symptoms after briefly reviewing first-line treatments. Treatment-refractory pediatric 

OCD is defined as failing to achieve adequate symptom relief despite receiving an adequate 

course of cognitive-behavioral therapy (CBT) and at least 2 adequate trials of selective 

serotonin reuptake inhibitors (SSRI) (or clomipramine). For a more extensive review of the 

assessment and treatment of uncomplicated pediatric OCD, please refer to the recently 

published AACAP practice parameters.2

METHOD

We searched PUBMED (December 9, 2013) using the medical subject heading (MeSH) 

term “obsessive-compulsive disorder” and using the search filters (1) “all child (ages 0–18)” 

and (2) “randomized controlled trials” or “meta-analysis.” Furthermore, several recent 

evidence-based treatment guidelines and systematic reviews in OCD (across all ages) were 

scanned for additional references and guidelines.2–8 Finally, evidence and recommendations 

from the recent AACAP practice parameters in OCD were included in this review.2 

Recommendations made in this review are accompanied by a statement regarding the 

strength of the underlying support that are based on the criteria utilized in AACAP Practice 

Guidelines (clinical standard, clinical guidance, clinical opinion, or not endorsed).9 

Additionally, the evidence level behind each of the recommendations is specified with 

particular attention in regards to whether studies were conducted in pediatric and/or adult 

populations.

RESULTS

First-Line Treatments

Figure 1 depicts a clinical algorithm for choosing optimal treatment for treatment-naïve 

children with OCD. Cognitive-behavioral therapy (CBT) and pharmacological treatment 

with selective serotonin reuptake inhibitors (SSRIs) are first-line treatments for OCD 

(clinical standard: meta-analysis and randomized controlled trials in children and adults). 
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When OCD first presents, families should be advised to start CBT alone or in combination 

with medication (clinical standard: meta-analysis and randomized controlled trials in 

children).

Cognitive-Behavioral Therapy—CBT is a time-limited, present-oriented form of 

behavioral psychotherapy that teaches children and family members tools to adaptively 

respond to obsessive-compulsive symptoms. CBT represents a joint therapist and patient 

effort that together forms a collaborative team to address symptoms. Unless clinically 

indicated, parents should play a substantial and active role in treatment (i.e., learning to be 

the child's “coach”) to foster overall gains, homework compliance, and generalization of 

skills. There are three primary treatment components: psychoeducation, cognitive therapy, 

and exposure and response prevention.

Methodologically rigorous studies among children and adolescents with OCD have 

established the superiority of CBT to placebo/waitlist, attention-control conditions, and 

SSRI medications.1,10–14 A recent meta-analysis demonstrated that the effect size for CBT 

with (d=1.7) and without (d=1.203) SSRI therapy was superior to SSRI treatment alone 

(d=0.75).15 In one of the most rigorous studies to date, the Pediatric OCD Treatment Study 

(POTS I, 2004) prospectively examined the efficacy of combined therapy relative to CBT 

alone, finding that combined treatment was superior to CBT and sertraline alone (Cohen's 

d=1.40 vs. 0.97 and 0.67).1 Findings from the POTS II study, which demonstrated the 

superiority of medication management plus CBT with experienced providers compared to 

medication management alone or medication management plus instructions in CBT, further 

emphasize the importance of having CBT treatment conducted by practitioners with 

experience and high fidelity to all the treatment elements, particularly exposure sessions.16 

Indeed, based on efficacy data and patient preferences for non-pharmacological approaches, 

current practice parameters recommend that clinicians begin with CBT alone for mild to 

moderate OCD presentations and use combined CBT-SSRI treatment in moderate to severe 

presentations.17

Selective Serotonin Reuptake Inhibitors—In contrast to the trial data in pediatric 

depression, there exists nearly indisputable evidence that SSRIs are effective in the 

treatment of pediatric OCD.4,18,19 Every published, placebo-controlled trial conducted on 

SSRIs for pediatric OCD demonstrates a significant benefit compared to placebo.5 This data 

include trials of fluoxetine, fluvoxamine, sertraline, and paroxetine.1,20–25 SSRI doses in 

these trials typically involved starting at the low end of the US Food and Drug 

Administration (FDA) dose guidelines and titrating up to the maximum tolerated dose 

(typically the FDA maximum recommended dose) over 3 to 4 weeks. The FDA 

recommended target doses for SSRIs in pediatric OCD are fluoxetine 20–60mg, 

fluvoxamine 100–300mg, sertraline 100–200mg, and paroxetine 20–60mg. The duration of 

these SSRI trials in pediatric OCD was 10 to 16 weeks. Meta-analyses of these trials suggest 

that SSRIs for pediatric OCD have a medium-to-large effect size (ES=0.5) and a small 

number needed to treat (NNT=5) compared to placebo.4,5

What is the most effective dose of SSRIs in pediatric OCD?—In contrast to 

similar literature in major depressive disorder, meta-analysis of fixed-dose trials in adults 
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with OCD has demonstrated a significant dose response relationship.26 High doses of SSRIs 

were associated with a significantly greater improvement in OCD symptoms (as measured 

by Yale-Brown Obsessive Compulsive Scale [Y-BOCS]) and likelihood of treatment 

response compared to lower doses of SSRIs. Although statistically significant, the 

incremental treatment gains of using high doses of SSRIs were modest. High-dose SSRI 

treatment was associated with a 1.4-point greater Y-BOCS improvement compared to low-

dose SSRI treatment. Furthermore, the NNT=16–17 favoring high-dose compared to low-

dose SSRI treatment was similarly modest. Fixed-dose trials comparing the efficacy of 

different dosing strategies in pediatric OCD are absent. Randomized, placebo-controlled 

trials of SSRI agents in pediatric OCD have almost exclusively employed dosing strategies 

that targeted the maximum FDA recommended dose.

Within fixed-dose SSRI trials in adult OCD, higher doses of SSRIs were associated with an 

increased rate of dropouts “due to side-effects” but not an increased rate of all-cause dropout 

when compared to lower doses of SSRIs.26 Given the slightly differing side effects of SSRIs 

in pediatric populations, one should use caution, especially when generalizing the dose-

related tolerability from adults with OCD to children. The specific side effects associated 

with SSRIs that are increasingly likely in pediatric compared to adult patients include 

treatment-emergent suicidal ideation, behavioral activation, and mania.4,27 Sexual 

dysfunction is a common, dose-dependent side effect of SSRI medication that represents a 

particularly challenging treatment issue in adolescents and adults with OCD.28

Overall, meta-analysis data from fixed-dose SSRI trials in adults with OCD suggest 2 

possible dosing strategies: (1) Maximize Tolerability: Start individuals with OCD at the 

lower end of the FDA recommended dose range for SSRI and wait an adequate duration of 

time (8–12 weeks) to assess symptom improvement; or (2) Maximize Efficacy: Titrate an 

individual to the maximum FDA-recommended dose of an SSRI over the course of 3–4 

weeks and monitor for symptom improvement. Particularly in children, where there is (1) an 

absence of data to support a dose-response relationship and (2) a less benign side-effect 

profile for SSRIs, opting for a dosing strategy to maximize the tolerability of SSRIs initially 

is prudent (clinical opinion: adult meta-analysis data).26 Nonetheless, in children who do not 

or only partially respond to minimum-dose SSRI therapy, titrating the dose upward towards 

the maximum tolerated range is advisable. Escalating SSRI dose upward has evidence of 

efficacy in OCD and is associated with a much more benign side-effect profile compared to 

other pharmacological options in pediatric OCD.

How long should SSRI pharmacotherapy be continued?—Current treatment 

guidelines recommend the continuation of SSRIs for at least one year following successful 

treatment in SSRI-responsive individuals.6,8 This recommendation is based on several 

relapse-prevention studies that examined the efficacy of SSRIs compared to placebo in 

preventing relapse in treatment-responsive adults with OCD. Meta-analysis of the 5 placebo-

controlled SSRI discontinuation trials (after acute response) suggests that adult participants 

randomly assigned to discontinue SSRI pharmacotherapy (placebo) are twice as likely to 

relapse as those assigned to continued SSRI pharmacotherapy.29 For reference, the 

likelihood of relapse over the next 6 months with continued SSRI pharmacotherapy in 

participants who received an acute treatment response is 25–40%.30,31
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In contrast to adult OCD, discontinuation trials in pediatric OCD are nonexistent. Children 

with OCD represent a particularly challenging group in which to make this clinical decision, 

as a non-trivial proportion of pediatric cases appear to experience a natural remission of 

symptoms during adolescence that may be unrelated to pharmacotherapy.32,33 Furthermore, 

there exists a complete absence of child-centered data on which to make this decision. Given 

the observation that a large proportion of pediatric OCD cases remit during adolescence, 

SSRI discontinuation is a reasonable treatment strategy in children who have had minimal 

OCD symptoms for an extended period of time (e.g. 6–12 months) (clinical guidance: adult 

meta-analysis and randomized controlled trial data). Discontinuation is particularly 

reasonable in children who are experiencing physical side effects or psychological 

discomfort from taking the medication. We recommend that these patients should be warned 

that the time period corresponding to SSRI discontinuation represents a high-risk period for 

relapse (clinical guidance: adult meta-analysis and randomized controlled trial data). 

Additionally, when discontinued, SSRIs should be tapered off slowly (so as to minimize any 

discontinuation symptoms that may provoke OCD relapse), and attempted during periods of 

low stress where a temporary relapse of symptoms could be most tolerated (clinical opinion: 

clinical experience across the lifespan). Also, children and their families should be 

monitored closely and educated on possible warning signs that their OCD may be worsening 

during the discontinuation period (clinical opinion: clinical experience across the lifespan). 

In children who have also benefited from CBT, booster sessions during the SSRI 

discontinuation period may be helpful.

Criteria for Treatment Outcomes in OCD—The greatest challenge in generalizing 

treatment outcomes across trials is that these terms are inconsistently defined across trials. 

For instance, treatment response has been defined as a 25%, 30%, or even a 35% reduction 

in (C)Y-BOCS score (plus/minus being “very much” or “much” improved on the CGI).34 

The OCD field appears to be moving towards a consensus where partial treatment response 

is defined as a 25–35% improvement in OCD symptoms measured by the (C)Y-BOCS, and 

full treatment response is defined as a greater than 35% improvement in OCD symptoms.

Treatment-refractory OCD is another commonly used term in research and clinical practice 

without an agreed-upon definition. Perhaps among the most useful concepts in the field is 

that “treatment-refractory OCD” can be viewed along a continuum in stages from simply not 

improving sufficiently on a single first-line intervention (CBT or SSRI) to being severely 

symptomatic despite treatment with multiple SSRIs and/or clomipramine (≥3), CBT, and 

other augmentation strategies.35 For the sake of this review, a “patient with treatment-

refractory OCD” is defined as failing to achieve adequate symptom relief despite receiving 

an adequate course of CBT treatment and at least 2 adequate trials of SSRI medications 

(including clomipramine).

Treatment-Refractory OCD

Is my patient really treatment refractory?—Evaluation for treatment-refractory OCD 

in children should focus on: (1) proper diagnosis; (2) optimal delivery of first-line treatments 

for pediatric OCD; and (3) moderating factors that might influence treatment delivery and 

efficacy. Common psychiatric conditions that are commonly misdiagnosed as OCD in 
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younger children include elements of normal development, insistence on sameness, 

perseverative behaviors and restricted interests associated with autism spectrum disorder, 

and complex tics.36 Among older children and adolescents, ruminations associated with 

depressive disorders, prodromal psychotic symptoms, complex tics, and autism spectrum 

disorder behaviors can be commonly misdiagnosed as OCD.36,37 Another crucial aspect of a 

thorough evaluation of treatment-refractory OCD is determining whether evidence-based 

first-line treatments have been optimally delivered. For SSRI pharmacotherapy, this 

involves determining whether a child has received an adequate dose and duration of prior 

treatment and whether the family has been compliant with that treatment. A child should not 

be considered treatment-refractory until he has received two SSRIs at an adequate dose, the 

maximum tolerated dose, for an adequate duration of treatment (12 weeks total and at least 8 

weeks at the maximal dose) (clinical guidance: meta-analysis and randomized controlled 

trial data in adults). Furthermore, in children who have not been able to tolerate an SSRI at 

minimum-recommended FDA dose either due to side effects or parental anxiety, these 

patients should be viewed as treatment-intolerant rather than treatment-refractory. There 

currently exists no evidence that subtherapeutic SSRI doses are effective in children with 

OCD. If CBT has already been properly exhausted as a treatment option, then every effort 

should be made to increase the likelihood of SSRI tolerability, including improved parental 

education and communication regarding side effects, more gradual dosing titration of SSRI, 

and prescription of concomitant medication to help with side effects. Lastly, it is 

recommended that medication compliance should be verified in cases that are not responsive 

to initial SSRI treatment (clinical opinion: clinical experience across the lifespan).

The adequacy of prior CBT needs to be assessed thoroughly (clinical standard: meta-

analysis and randomized controlled trials across the lifespan). Most critically, it needs to be 

determined whether children and their families have received a sufficient dose of the most 

effective element of CBT—exposure and response prevention—for an adequate number of 

sessions and duration of time. Often clinicians say that they are providing CBT but are not 

incorporating exposure and response prevention sufficiently or at all. Helpful questions to 

ask the child, parent, and/or previous therapist to determine adequacy of past CBT trials are: 

(1) did the child ever receive homework from the therapist?; (2) did the child ever make a 

list of OCD symptoms and rate them in severity?; (3) was the child exposed to a situation 

designed to reproduce the anxiety associated with the OCD symptoms and asked to resist 

performing compulsions?; and (4) were the parent(s) involved in the CBT sessions and/or 

homework? If the answer to any of these questions is in doubt, then repeating CBT trial is 

advisable.

The last aspect of a thorough evaluation for treatment-refractory OCD is assessing for 

important moderators of treatment effects that affect treatment delivery and efficacy. The 

four moderators that appear particularly important in pediatric OCD are: (1) presence of 

comorbid tic disorders; (2) prominent hoarding symptoms; (3) level of insight into OCD 

symptoms; and (4) level of parental accommodation. These moderators of OCD treatment 

effects are discussed below.
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Factors Associated With Treatment Outcome

Comorbid Tic Disorders—Tic-related OCD has been added as a specifier for an OCD 

diagnosis in DSM-5. Tic-related OCD is defined as having “a current or past history of tic 

disorder.38 Children with Tourette syndrome or chronic tic disorders are at high risk of 

developing future OCD symptoms, with approximately one-third of children with Tourette 

syndrome (TS) experiencing OCD at some point during their lives. The onset of OCD 

symptoms in children with tic disorders appears to occur around the ages of 12–13 years, 

when tics typically reach their worst-ever severity.32 Tic-related OCD cases tend to have a 

male predominance and an earlier age of onset compared to non tic-related OCD cases. 

Additionally, tic-related OCD is associated with a higher proportion of symmetry-related, 

“just-right,” and forbidden thoughts OCD symptoms.39,40 There is some evidence that 

children with OCD and comorbid tic disorders may have a good long-term prognosis, 

whereby OCD symptoms may follow the developmental trajectory of comorbid tic 

symptoms and improve during adolescence.32 By contrast, in adulthood, there is some 

evidence that comorbid tics may be associated with poor long-term outcome in OCD 

cases.41 These data suggest that there may be a substantial portion of children with OCD 

thatimprove during adolescence, but when that improvement does not occur, OCD 

symptoms may be particularly resistant to traditional treatments.

Comorbid tic symptoms appear to be an important moderator of SSRI but not CBT effects in 

OCD. CBT appears equally effective in patients with and without comorbid tics and should 

be considered the first-line treatment in these patients.42,43 By contrast, SSRI 

pharmacotherapy appears less effective in reducing OCD symptoms in children with 

comorbid tics. Pediatric OCD trials of paroxetine and sertraline have demonstrated a poorer 

response in children with comorbid tics.43 Meta-analysis of antipsychotic augmentation 

trials in adults with treatment-refractory OCD suggests that OCD patients with comorbid 

tics are significantly more likely to respond to this intervention.44 The NNT for response of 

OCD symptoms to antipsychotic augmentation in patients with comorbid tic disorders was 2 

compared to 6 in participants without comorbid tic disorders.44 The improved efficacy of 

antipsychotic augmentation in treating OCD symptoms in patients with comorbid tic 

disorders is not surprising, since antipsychotic medications are the most effective 

pharmacological agent in the treatment of tics.45

In children with OCD and comorbid tic disorders, CBT should be encouraged as an initial 

treatment given the evidence of its improved comparative efficacy relative to medications 

(clinical guidance: pediatric randomized controlled trial data). SSRIs are still recommended 

to be utilized as the initial pharmacological treatment in children with OCD, given the worse 

side-effect profile and the lack of evidence supporting the use of antipsychotic agents for 

treatment-refractory pediatric OCD (clinical standard: pediatric randomized controlled trial 

data).

Prominent Hoarding Symptoms—Hoarding disorder is newly recognized as a separate 

entity from OCD in the DSM-5. Hoarding disorder is characterized by persistent difficulty 

discarding or parting with possessions, regardless of their actual value. This difficulty must 

be associated with significant distress or impairment and an excessive accumulation of 
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objects,38 although clinical judgment must be considered in working with youth, as 

accumulation may be more modest than in adults.46

Prominent hoarding symptoms in children with OCD appear to be associated with poor 

long-term outcome.32 Additionally, meta-analysis suggests that OCD patients with 

predominant hoarding symptoms have poor short-term response to traditional OCD 

treatments.47 OCD patients with prominent hoarding symptoms appear to be at least 1/3 less 

likely to respond to SSRI pharmacotherapy, behavioral therapy for OCD, or their 

combination.47 Hoarding's poor prognosis was evident across both pediatric and adult OCD 

populations.47 Pediatric OCD patients with prominent hoarding symptoms may benefit from 

CBT with a psychotherapist with particular expertise in the area of hoarding (clinical 

opinion: clinical experience across the lifespan).

Insight into OCD Symptoms—Approximately 30–40% of youth with OCD present with 

poor or limited insight into the degree to which they perceive their obsessive-compulsive 

symptoms as absurd, excessive, and senseless.48–50 This presentation complicates the nature 

of assessment and treatment, as many youth with poor insight will not consider their 

symptoms to be problematic and thus resist engaging in treatment. Indeed, presence of poor 

insight has been linked to reduced CBT and pharmacological treatment outcome.48,51 

Clinically, some evidence in adult studies suggests that insight may be improved through 

successful treatment.52 In those with poor or limited insight, treatment may last for a longer 

duration and/or move at a slower pace relative to children with good insight.

Family Accommodation—Family accommodation of the child's obsessive-compulsive 

symptoms occurs in many families of children with OCD.53,54 Family accommodation 

refers to the degree to which family members accommodate a child's obsessive-compulsive 

symptoms and the level of distress/impairment that the family members and patient 

experience as a result of accommodation. This includes actions taken by family members to 

facilitate rituals (e.g., provide items needed for rituals, hear “confessions”), provide 

reassurance about fears, acquiesce to the child's demands (e.g., not touching something), 

decrease child day-to-day responsibilities, or assist with/complete tasks for the child. Family 

accommodation is usually well intentioned and guided by the family members' desire to 

reduce the child's level of distress, impairment, and symptom severity.55 However, family 

accommodation functions in the same manner as a ritual in that obsessive-compulsive 

distress is reduced, thereby negatively reinforcing further symptom engagement.56

Family accommodation occurs across a range of presentations. It is not strongly linked to 

obsessive-compulsive symptom severity but has been linked to functional impairment, 

family conflict/stress, disruptive behavior, and presence of cleaning rituals/contamination 

fears.55–58 Family accommodation at pretreatment has been negatively associated with 

treatment response, with data suggesting that the change in family accommodation during 

treatment was related to posttreatment outcomes.51,59 For these reasons, substantial family 

involvement is recommended in which the parent is included in treatment sessions with the 

goal of fostering their understanding of CBT and being able to serve as the child's therapy 

“coach” (clinical standard: component of randomized controlled trials of CBT in children).
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Treatment Strategies for Treatment-Refractory OCD

Data to guide evidence-based treatment in pediatric OCD are severely lacking once first-line 

interventions are completed. Even the data guiding treatment for adults with refractory OCD 

are often suboptimal or incomplete. Many commonly utilized interventions for treatment-

refractory OCD do not have proven efficacy in double-blind, placebo-controlled trials (e.g. 

clomipramine augmentation, riluzole augmentation, benzodiazepine use). Furthermore, 

many interventions for treatment-refractory OCD have only shown efficacy in placebo-

controlled trials in single-site, small pilot trials. These trials are in desperate need of 

replication, as small pilot trials are highly prone to bias (publication bias and reporting bias 

as well as detection, performance, and selection bias if there are problems with 

concealment). Rigorous pharmacological research into treatment strategies for treatment-

refractory pediatric OCD in the published literature is absent. The goal of this review is to be 

transparent about the evidence base utilized in the treatment of children with OCD.

Cognitive-Behavioral Therapy

Cognitive-behavioral therapy has demonstrated robust outcomes for augmenting partial or 

non-response to SSRIs or clomipramine, and thus should always be considered as an initial 

augmentation approach (clinical standard: randomized controlled trials across the lifespan). 

Similar to findings in adults with OCD, the addition of weekly CBT to a stable 

antidepressant in youth with OCD was associated with significantly improved response rates 

(68.6%) relative to youth who received brief instructional CBT together with continued 

antidepressant treatment (34.0%) or continued antidepressant treatment alone (30.0%; d = 

0.85).16,60,61 Intensive CBT (i.e., daily sessions for three weeks' duration) was also 

associated with significantly improved outcomes among youth who remained symptomatic 

following antidepressant treatment.62 Eighty percent of youth responded to intervention with 

a corresponding large effect on the primary outcome (d = 2.37). The intensive CBT study 

provides support that a more concentrated course of intervention may have particular benefit 

among youth who have not responded to prior first-line interventions.62,63 Additionally, 

studies from the adult literature suggest that using motivational interviewing may be a useful 

tool to improve outcome or enhance adherence to evidence-based treatments of any kind, 

including CBT (clinical opinion: randomized controlled trials in adults).64

Raising SSRI Dose

Raising SSRI medications to the maximal tolerated dose within the FDA-recommended dose 

range is an evidence-based treatment strategy as discussed earlier. Clinical research in adult 

OCD has also focused on examining whether supratherapeutic dosing, raising SSRI doses 

above the therapeutic range, confers additional treatment benefits in SSRI-resistant OCD. A 

randomized, double-blind, controlled trial compared the efficacy of continued sertraline 

treatment at the maximum recommended dose (200mg) to high-dose sertraline therapy 

(maximum of 400mg daily) in 66 adults who had significant residual OCD symptoms 

despite 16-week treatment with sertraline 200mg daily.65 High-dose sertraline therapy was 

associated with a statistically significant, albeit modest (ES=0.5; NNT for treatment 

response=15) further improvement in OCD symptoms compared to continued sertraline 

therapy at the FDA maximum recommended dose. There were no differences in side-effects 
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or dropout rates between the two treatment arms. Escalating SSRI dose above the FDA 

range in children has been insufficiently studied. The safety profile of supratherapeutic-dose 

SSRI treatment remains largely unknown, especially in pediatric patients. However, the 

scant evidence that exists and pediatric clinical experience suggests that it represents a 

reasonable treatment strategy that is sometimes successful and reasonable in patients with a 

partial response to maximal-dose SSRI therapy of sufficient duration who have experienced 

minimal side effects from their medications (clinical opinion: randomized controlled trial in 

adults).

Clomipramine Augmentation of SSRI

Meta-analyses of placebo-controlled trials in both pediatric and adult OCD suggest that 

clomipramine may be significantly more effective than SSRIs in the treatment of OCD.5,66 

The superiority of clomipramine is robust to adjustment for both publication year and 

placebo response rates across studies. Despite robustness to any degree of statistical 

adjustment, it remains possible that clomipramine's apparent superiority across clinical trials 

may be due to (1) a more SRI-naïve population in earlier studies; (2) improved trial 

methodology in later SSRI trials (better methodology to ensure blinding, intention-to-treat 

analysis, etc.); or possibly, (3) clomipramine may indeed be more effective than SSRIs.

Regardless of whether clomipramine is more, equally, or less effective than other SSRIs in 

pediatric OCD, the authors currently reserve the use of clomipramine until children have not 

responded to 1 or 2 adequate trials of SSRI medications because of the more significant 

side-effect profile (clinical opinion: tolerability data in pediatric randomized controlled 

trials), an adequate SSRI trial being defined as maximal tolerated dose SSRI treatment for 

8–12 weeks). The side effects of clomipramine that relegate it to second-line treatment 

behind SSRIs include increased risk of fatal overdose, cardiac arrhythmia, and lowering of 

the seizure threshold. More common side effects of clomipramine include weight gain, 

sedation, and dry mouth. Additionally, clomipramine requires electrocardiogram (EKG) 

monitoring in children due to potential arrythmogenic effects and blood levels at higher 

doses due to seizure risk,67 although this monitoring becomes much less substantial when 

children reach a stable dose of clomipramine.

The addition of clomipramine to maximal dose SSRI therapy is a treatment strategy 

advocated by some of the most experienced and respected clinicians in OCD treatment 

(clinical opinion: randomized controlled trials in adults).3,8 Currently, no randomized 

controlled trials have demonstrated that clomipramine augmentation is more effective than 

SSRI treatment at the maximum tolerated dose. However, two clinical trials have begun to 

assess whether clomipramine augmentation can confer a benefit above SSRI monotherapy 

(albeit at starting doses below the maximum range). In one trial of 16 adult patients with 

OCD refractory to fluoxetine and clomipramine, patients were randomly assigned to 90 days 

of treatment with either citalopram (40mg) alone or a combination of citalopram (40mg) and 

clomipramine (150mg) after a 4 week washout period.68 The citalopram+clomipramine arm 

showed significantly greater improvement in this unblinded trial. Another trial conducted by 

the Brazilian OCD Consortium compared the efficacy of 3 treatment strategies in 54 adult 

OCD patients that did not respond to fluoxetine 40mg after a sufficient duration of 
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treatment. These patients were randomized to either the addition of clomipramine (75mg 

daily), quetiapine (200mg daily), or raising the fluoxetine dose up to 80mg.69 Patients 

receiving either the addition of clomipramine or an increase in fluoxetine dosing did 

significantly better than those receiving quetiapine augmentation. Patients receiving 

clomipramine augmentation did nominally but not statistically significantly worse than those 

who received an increase in fluoxetine dose. Neither of the current trials testing 

clomipramine augmentation began with SSRI doses at the maximum efficacy point. This 

decision was probably made because of potential concerns with serotonin syndrome 

resulting from combining SRI medications above the maximum limit. Regardless, adding a 

small dose of clomipramine (≤75mg) is an augmentation strategy commonly used in clinical 

practice and deserves further study against other commonly used treatment strategies 

(continued SSRI monotherapy, supratherapeutic SSRI pharmacotherapy, and antipsychotic 

augmentation). Trial data concerning the use of clomipramine augmentation in children are 

nonexistent. Additionally, the use of SSRI augmentation of clomipramine is another 

sometimes-advocated treatment strategy with a limited evidence base in either adults or 

children.70 This strategy may be especially useful in patients who cannot tolerate higher 

doses of clomipramine.

Given the evidence of efficacy for clomipramine in OCD, many clinicians assume that 

serotonin-norepinephrine reuptake inhibitors (SNRIs), which act by a similar mechanism, 

may be more effective than SSRIs in treating OCD (not supported: randomized controlled 

trial data in adults). There exist no published randomized, placebo-controlled trials of SNRIs 

in adults or children with OCD. Furthermore, the limited data that does exist comparing 

SSRIs to SNRIs does not support this conclusion. A 12-week randomized controlled trial 

comparing venlafaxine (300mg/day) and paroxetine (60mg/day) failed to demonstrate a 

significant difference between treatments, although both groups demonstrated a significant 

improvement with time.71 Forty-three non-responders in this trial were switched to the other 

antidepressant for an additional 4 weeks. Patients with OCD switched from venlafaxine to 

paroxetine had a higher rate of response to the alternative antidepressant (53%) compared to 

patients with OCD being switched from paroxetine to venlafaxine (19%).72

Antipsychotic Augmentation

Antipsychotic augmentation is by far the most studied intervention for treatment-refractory 

OCD in adults. Antipsychotic augmentation involves adding a low-dose of an antipsychotic 

medication (similar to those employed in tic disorders) to continuing SSRI (or 

clomipramine) pharmacotherapy. Antipsychotic augmentation, like other treatment 

strategies for treatment-refractory OCD, should be initiated only after patients have failed to 

improve sufficiently on SSRI pharmacotherapy at the maximum tolerated dose for an 

appropriate duration of treatment (10–12 weeks). Meta-analysis has demonstrated a 

significant benefit of antipsychotic augmentation compared to continuing SSRI 

monotherapy in randomized, placebo-controlled trials in adults with OCD.44 The NNT was 

4–5 for inducing a treatment response with antipsychotic augmentation compared to 

continuing SSRI monotherapy. Within the 9 trials included in the meta-analysis, there was 

no evidence that one particular antipsychotic is more effective than any other.31,73–80 

Risperidone, haloperidol, quetiapine, and olanzapine trials were included in the meta-

Bloch and Storch Page 11

J Am Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



analysis.81,82 Subsequently conducted randomized, placebo-controlled trials of aripiprazole 

also suggest that this antipsychotic agent may be useful as a treatment strategy in refractory 

OCD.74,75 Small, underpowered clinical trials involving head-to-head comparisons between 

antipsychotic agents have similarly been unable to detect significant differences in efficacy 

between treatments.83,84 Doses of antipsychotics used in augmentation trials for OCD have 

been fairly modest compared to acute psychosis/mania trials, and trials usually span at least 

6 weeks in duration. Further data from meta-analysis suggest that it is important to wait at 

least 12 weeks after starting maximal dose SSRI pharmacotherapy before starting 

antipsychotic augmentation.

Research into the efficacy of antipsychotic augmentation in pediatric OCD is lacking. 

Circumstantial data from adult studies, strong evidence for efficacy, and evidence of 

increased efficacy in adult patients with comorbid tics (which constitute a modestly greater 

proportion of childhood cases) may suggest that antipsychotic augmentation could be 

effective in childhood OCD. Therefore, antipsychotic augmentation is a reasonable 

treatment option in children with treatment-refractory OCD (clinical guidance: uncontrolled 

trials in children and meta-analysis of randomized controlled trials in adults). Nonetheless, 

clinicians treating children with OCD and child psychiatric clinic researchers have been 

appropriately hesitant to use/study antipsychotic agents for OCD because of the poor side-

effective profile, especially in children. Extrapolating from the adult antipsychotic 

augmentation data optimistically, only 1 in 6 patients with OCD and 1 in 2 patients with 

OCD and comorbid tics will benefit from this intervention. Therefore, given the long-term 

metabolic side effects of antipsychotic agents in children, it is imperative to discontinue 

these medications if a child has not achieved noticeable improvement after 6–12 weeks and 

to initiate these medications only after children have failed to achieve adequate symptom 

relief with multiple adequate SSRI trials and CBT of adequate duration and intensity 

(clinical guidance: adult randomized controlled trials). Further caution is warranted in 

expediting antipsychotic augmentation in any OCD treatment algorithm, as CBT 

outperformed antipsychotic augmentation in a recent randomized blinded trial in adults with 

OCD.17

Glutamate Modulating Agents

Converging lines of evidence from multiple areas of study have in recent years suggested 

that glutamate abnormalities may be important in the pathogenesis of OCD.85–88 Cerebral 

spinal fluid studies have demonstrated higher levels of glutamate in the cerebrospinal fluid 

in treatment-naïve adults with OCD compared to healthy controls. Neuroimaging studies 

using magnetic resonance spectroscopy have similarly demonstrated higher levels of 

glutamate in the caudate nucleus in treatment-naïve children with OCD.89 Several genetic 

studies have demonstrated an association between S1C1A1 polymorphisms, a glutamate 

transporter gene, and a diagnosis of OCD. Animal models have also suggested the 

importance of the glutamate system in OCD. SAPAP3 knockout mice demonstrate 

compulsive grooming and anxiety behaviors that are reversible with acute fluoxetine 

treatment.90 SAPAP3 codes for an NMDA receptor scaffolding protein.90 More recently, a 

mouse model using optogenetic techniques to stimulate glutamatergic projections from the 

orbitofrontal cortex to striatum demonstrated that chronic (but not acute) stimulation of 
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these glutamatergic neurons led to compulsive grooming behaviors and an anxious 

phenotype. These symptoms were reduced with chronic fluoxetine administration.91 This 

converging evidence has led to increasing research on the glutamatergic system in OCD and 

led to increasing focus on the potential efficacy of glutamate-modulating agents in its 

treatment.

Riluzole—Riluzole is a glutamate-modulating agent that is FDA approved for amyotrophic 

lateral sclerosis (ALS). Uncontrolled studies have suggested that riluzole may be effective in 

the treatment of OCD at doses of 50mg twice daily in both children and adults with 

OCD.92–95 However, a recent double-blind, placebo-controlled add-on trial in 60 children 

with OCD failed to demonstrate a benefit of riluzole compared to placebo. Sixteen percent 

of patients in the riluzole group and 18% of participants in the placebo group responded to 

treatment.96 It should be noted that a little over a quarter of the pediatric OCD sample had a 

comorbid autism spectrum disorder. A placebo-controlled riluzole trial in adults with 

treatment-refractory OCD is ongoing. Although well tolerated by the majority of patients, 

riluzole's common side effects include tiredness, dizziness, and nausea. Riluzole has also 

been associated with hepatotoxicity such that liver function needs to be tested every 3 weeks 

at the beginning of its use and then less frequently thereafter.97 Also, case reports in 

pediatric OCD have associated its use with pancreatitis in several children taking multiple 

concomitant medications.94,96 Riluzole should only be a pharmacological option in children 

who have failed to improve on other more evidence-based treatments for OCD (clinical 

opinion: positive uncontrolled studies in pediatric populations and negative, underpowered 

randomized controlled trial in children).

Ketamine—Ketamine is a potent NMDA receptor antagonist that is FDA approved as a 

pediatric anesthetic agent at higher doses. Numerous studies have also demonstrated that 

ketamine given intravenously at a dose of .5mg/kg over 40 minutes leads to potent 

antidepressant effects that peak 1–3 days following infusion and dissipate 1–2 weeks 

following initial infusion. Remission rates of depressive symptoms in these trials are 

consistently above 50% within the first week of treatment.98 The antidepressant effects of 

ketamine have been replicated in multiple treatment trials including some with active 

controls. Uncontrolled studies have suggested that the short-term antidepressant effects of 

ketamine can be maintained with repeated infusions, although the side effects of long-term 

ketamine use in this dosage regimen is unknown.98

Two trials have examined the acute effects of ketamine in adults with treatment-refractory 

OCD. The first open trial examined the effects of intravenous ketamine (0.5mg/kg over 40 

minutes) in 10 adults with treatment-refractory OCD as an add-on to their existing 

medications.99 An extremely short-lived benefit of ketamine was observed for OCD during 

the first 3 hours following infusion. However, none of the 10 patients exhibited a response to 

ketamine 1–7 days following infusion. Additionally, in the 7 patients with comorbid 

depression, ketamine significantly reduced comorbid depressive symptomology to a greater 

extent than OCD symptoms from 1–7 days following infusion. Four of 7 patients were 

judged to be responders to ketamine in terms of their depression symptomology.99 A 

second, saline-controlled crossover trial in 15 adult patients with OCD but washed off their 
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OCD medications as outpatients demonstrated a significant benefit of ketamine compared to 

placebo during the first week after ketamine infusion.100 Fifty percent of patients with OCD 

(compared to 0% on placebo) responded to ketamine infusion.100 Additionally, there were 

significant carryover effects with ketamine such that the benefits of treatment lasted beyond 

1 week. The differing results between these two studies may be attributable to (1) the 

differences between concomitant medications received by participants between studies; (2) 

difference in underlying severity between patient populations (the former involved 

inpatients with refractory OCD whereas the latter involved refractory patients with OCD 

who could be washed off current medications as outpatients); and (3) issues with blinding 

inherent with the short-term psychotomimetic side effects of ketamine infusion. Future 

studies will be needed to definitely establish the efficacy of ketamine in adult populations. 

Intravenous and intranasal ketamine is commonly used in pediatric populations for pediatric 

sedation in short-term procedures, but its safety profile for mental disorders is unknown. 

Given the possible but rare cardiovascular side effects associated with ketamine infusion, it 

should only be practiced by experienced physicians in appropriate facilities, if at all in 

children.

Memantine—Memantine is a non-competitive NMDA receptor antagonist that is FDA 

approved for the treatment of Alzheimer's disease. A single, randomized, double-blind, 

placebo-controlled trial in 38 adults with OCD examined the efficacy of concurrent addition 

of memantine (20 mg/day titrated up over 1 week) or placebo to fluvoxamine 200mg/day.101 

Fluvoxamine+memantine (89% response rate) was demonstrated to be superior to 

fluvoxamine+placebo (32% response rate) in this 8-week trial. No placebo-controlled 

augmentation trials have examined the efficacy in treatment-refractory OCD. However, a 

flexible-dose case-controlled study suggested modestly greater improvement with 

memantine compared to patients in a matched control group.102 Case report-level data have 

anecdotally suggested the efficacy of memantine in children with treatment-refractory 

OCD.103 Memantine represents a potential pharmacological option in children who have 

failed all evidence-based treatments for OCD (clinical opinion: randomized controlled trials 

in adults).

Topiramate—Topiramate is an antiepileptic agent that acts by directly inhibiting (AMPA)/

kainate glutamate receptors. A double-blind, placebo-controlled trial in 49 adults with OCD 

who failed to respond to at least 1 SSRI trial of adequate dose and duration demonstrated 

efficacy of topiramate.104 Topiramate was increased weekly in 25mg increments to a 

maximum dose of 200mg daily. Fifty percent of patients receiving topiramate had a 

treatment response compared to 0 out of 25 patients in the placebo group. A second 

randomized, placebo-controlled study of topiramate (up to 400mg/day) in 36 adults with 

treatment-refractory OCD failed to detect a significant difference between topiramate and 

placebo.105 In secondary analysis, topiramate was superior to placebo in reducing Y-BOCS 

compulsions. However, topiramate was poorly tolerated in this trial, with 28% of patients 

receiving topiramate discontinuing due to tolerability and 39% requiring a dose reduction. 

Little data exist regarding the efficacy of topiramate in children with OCD. However, the 

safety profile of topiramate in children is well known from trials of epilepsy and migraines. 

Tiredness, drowsiness, dizziness, loss of coordination, concentration difficulties, and speech 
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and language problems are known side effects of topiramate. Topiramate represents a 

pharmacological option in children who have failed to improve on other, more evidence-

based treatments for OCD (clinical opinion: conflicting randomized controlled trials in 

adults).

N-Acetylcysteine—N-acetylcysteine (NAC) is a naturally occurring amino acid that has 

been used safely for decades as an antioxidant agent and as an antidote for acetaminophen 

overdose. Due to its benign safety profile, NAC is available as an over-the-counter 

medication at a cost of less than 25 cents a day. More recently, NAC has been demonstrated 

to be a glutamate modulating agent.

A randomized, placebo-controlled trial in 48 adults with OCD who failed to respond to 12 

weeks of SSRI monotherapy compared the efficacy of NAC (2,400mg/day) compared to 

placebo. NAC was started at 600mg/day and then doubled weekly to a final dose of 

2,400mg/day (divided into 2 doses). NAC was superior to placebo after 12 weeks of 

treatment, with 53% of patients responding in the NAC group compared to 15% in the 

placebo group. Clinical trials are currently underway studying the efficacy of NAC in 

pediatric OCD. NAC has been demonstrated to be quite well tolerated in previous pediatric 

trials in autism, trichotillomania, and cannabis dependence. 106,107 NAC currently represents 

a reasonable treatment option in children who have failed evidence-based treatments for 

OCD or in families opposed to using prescription medication in their children (clinical 

opinion: randomized controlled trial in adults).

Benzodiazepines—Benzodiazepines have demonstrated efficacy in the short-term 

treatment of anxiety disorders in adults.108 By contrast, double-blind, placebo-controlled 

trials in adults with OCD have consistently failed to demonstrate efficacy of 

benzodiazepines compared to placebo. A small, double-blind, placebo-controlled 

monotherapy trial of 27 adults with OCD failed to demonstrate a benefit of clonazepam 

compared to placebo on any primary (Y-BOCS, proportion of treatment responders) or 

secondary (depression and anxiety ratings) outcome measures. 109 Another small, placebo-

controlled trial in 37 adults with OCD compared the concurrent addition of clonazepam or 

placebo to sertraline over 12 weeks.110 This trial also failed to demonstrate a benefit of 

clonazepam compared to placebo. The use of benzodiazepines in pediatric OCD is currently 

not supported by the literature (not supported: adult randomized controlled trials).

Neurosurgical and Neurostimulatory Techniques for Treatment-Refractory 
OCD—Neurosurgical techniques have been used for decades in treatment of adults with 

treatment-refractory OCD that causes severe impairment and distress. The current role of 

neurosurgical techniques in pediatric OCD should be nonexistent given the substantial 

proportion of pediatric OCD cases that remit over the long-term and the unknown efficacy 

of these techniques in adults, let alone children (clinical opinion: clinical experience across 

the lifespan). The common ablative procedures commonly practiced in psychosurgery for 

OCD include anterior cingulatomy, capsulotomy, subcaudate tractotomy, and limbic 

leucotomy. The specifics of each procedure are covered in other reviews in the area.111,112 

Currently, no published controlled studies have demonstrated the efficacy of neurosurgery 

for the treatment of OCD. Reviews of open studies of neurosurgical procedures in OCD 
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have suggested 50–60% response rates observed after 6–24 months.112 The increasing use 

of gamma knife surgery has made the procedure more precise and less invasive over recent 

years.

Deep brain stimulation (DBS) involves the surgical implantation of electrodes and the 

introduction of targeted electrical stimulation to specific brain regions through the implanted 

electrodes. DBS in OCD typically targets the ventral capsule/striatum or subthalamic 

nucleus.113 Crossover trials comparing when the implanted electrodes are “on” compared to 

“off” have demonstrated the efficacy of DBS for both brain regions. Advantages of DBS 

compared to neurosurgery include the fact that the procedure is potentially reversible, a 

better side effect profile, and the adjustability of the stimulation parameters. Disadvantages 

include expense, need for battery replacement, and extensive follow-up time to manage 

stimulus parameters. Adverse effects of DBS are rare but have included intracranial 

hemorrhage, infection, electrode breakage, and stimulation-induced adverse effects such as 

hypomania.

Repetitive transcranial magnetic stimulation (fTMS) is a non-invasive technique that uses a 

magnetic field applied to the scalp to induce electrical activity in the underlying cortex. The 

advantages of rTMS are that it is completely non-invasive with few side effects, especially 

when low-frequency stimulation is used. Side effects of rTMS include headaches, focal 

muscle aches, and, less commonly, seizures and syncope. The disadvantages of rTMS are 

that it can only directly stimulate the outer 6 cm of cortex and cannot directly target deeper 

structures (e.g. striatum, orbitofrontal cortex). Additionally, the sham-control is far from 

optimal in ensuring blinding in trials due to local effects of stimulation and the time-

consuming nature of the procedure—typically an hour, 5 days a week, for several weeks. 

rTMS targeting the supplemental motor cortex has demonstrated efficacy in a single, sham-

controlled trial in 18 treatment-refractory adults with OCD.114 Another randomized 

controlled trial of 20 adults with OCD studied sequential administration of low-frequency 

rTMS over right dorsolateral prefrontal cortex and bilateral SMA and demonstrated no 

significant difference between active and sham treatment.115 Further, rTMS trials targeting 

left and right dorsolateral prefrontal cortex have failed to demonstrated efficacy compared to 

sham-controls.116

DISCUSSION

Although the majority of children respond to first-line treatments for pediatric OCD, there 

exists a substantial proportion of children who do not achieve adequate, or even any, OCD 

symptom relief through evidence-based interventions. Although the long-term prognosis for 

children with OCD is good, with over half achieving remission of symptoms over the long 

term with treatment, many of these children with refractory OCD experience lifelong 

impairment related to OCD symptoms. As (1) research on strategies to combat treatment-

refractory OCD in children is scarce; (2) data on pharmacological treatments for treatment-

refractory OCD in adults suggest that most refractory patients with OCD will still not 

respond to pharmacological treatments; and (3) the side-effect profile in children for many 

pharmacological agents used in treatment-refractory OCD is problematic, every effort 

should be made to make sure children have had optimal first-line treatment for OCD before 
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progressing to augmentation strategies. Further research is needed to ensure that optimal 

first-line treatment for OCD, especially CBT, is disseminated to all children. Children with 

treatment-refractory OCD represent a modest but challenging and often heartrending 

fraction of the patients any one clinician treats, no matter how specialized. Only through 

working together can we discover more effective treatments for children and families 

suffering with treatment-refractory OCD.
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Figure 1. 
Algorithm for the management of pediatric obsessive-compulsive disorder (OCD).

Note: CBT = cognitive-behavioral therapy; CMI = clomipramine; SSRI = selective 

serotonin reuptake inhibitors.
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