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Meta-analytic techniques support neuroablation as a promising therapy for treatment-
refractory obsessive-compulsive disorder (OCD). This technique appears to offer
a more favorable complication rate and higher utility than deep brain stimulation.
Moreover, these pooled findings suggest that bilateral radiofrequency (RF) capsulotomy
has marginally greater efficacy than stereotactic radiosurgery or cingulotomy. MR-
guided focused ultrasound (MRgFUS) capsulotomy is an emerging approach with a
potentially more favorable profile than RF ablation and radiosurgery, with preliminary
data suggesting safety and efficacy. As a clinical trial is being developed, our study
examined the cost and clinical parameters necessary for MRgFUS capsulotomy to be
a more cost-effective alternative to RF capsulotomy. A decision analytical model of
MRgFUS with RF capsulotomy for OCD was performed using outcome parameters
of percent surgical improvement in Yale-Brown Obsessive Compulsive Scale (Y-BOCS)
score, complications, and side effects. The analysis compared measured societal costs,
derived from Medicare reimbursement rates, and effectiveness, based on published RF
data. Effectiveness was defined as the degree to which MRgFUS lowered Y-BOCS
score. Given that MRgFUS is a new therapy for OCD with scant published data,
theoretical risks of MRgFUS capsulotomy were derived from published essential tremor
outcomes. Sensitivity analysis yielded cost, effectiveness, and complication rates as
critical MRgFUS parameters defining the cost-effectiveness threshold. Literature search
identified eight publications (162 subjects). The average reduction of preoperative
Y-BOCS score was 56.6% after RF capsulotomy with a 22.6% improvement in utility,
a measure of quality of life. Complications occurred in 16.2% of RF cases. In 1.42%
of cases, complications were considered acute-perioperative and incurred additional
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hospitalization cost. The adverse events, including neurological and neurobehavioral
changes, in the other 14.8% of cases did not incur further costs, although they
impacted utility. Rollback analysis of RF capsulotomy yielded an expected effectiveness
of 0.212 quality-adjusted life years/year at an average cost of $24,099. Compared to
RF capsulotomy, MRgFUS was more cost-effective under a range of possible cost and
complication rates. While further study will be required, MRgFUS lacks many of the
inherent risks associated with more invasive modalities and has potential as a safe and
cost-effective treatment for OCD.

Keywords: obsessive-compulsive disorder, capsulotomy, neuroablation, radiofrequency, focused ultrasound,
cost-effectiveness

INTRODUCTION

Obsessive-compulsive disorder (OCD) is a debilitating
psychiatric disease that significantly impacts an individual’s social
and occupational functioning. OCD has a lifetime incidence
of 2–3% with onset typically occurring in late adolescence and
early adulthood (Kessler et al., 2004). While cognitive behavioral
therapy (CBT), exposure and response prevention (ERP), and
pharmacological interventions are the mainstay of therapy for
patients with OCD, approximately 40–60% of patients fail to
respond to their first trial of therapy (Kreienberg et al., 2013).
For those patients with severe treatment-refractory OCD,
neurosurgical interventions such as neuroablation (ABL) or deep
brain stimulation (DBS) remain therapeutic options (Bari et al.,
2018).

ABL techniques conventionally consist of capsulotomy
or cingulotomy using either radiofrequency (RF) ablation
or stereotactic radiosurgery (SRS) (Brown et al., 2016).
Alternatively, DBS for OCD alters the orbito-subcortical reward
circuitry through electrical stimulation of targets, such as the
anterior limb of the internal capsule, nucleus accumbens, ventral
caudate, and/or ventral striatum (Abramowitz et al., 2009). Our
group recently completed a meta-analysis of published data
that revealed that ABL was more effective than DBS for OCD
(Kumar et al., 2019). This analysis also identified non-significant
trends indicating that capsulotomy was superior to cingulotomy
and that RF ablation had greater efficacy than SRS. Our recent
findings are of particular interest in the context of the emerging
therapeutic modality for treatment of OCD: thermal lesioning
using MR-guided focused ultrasound (MRgFUS).

MR-guided focused ultrasound is an attractive therapy
compared to other neurosurgical interventions given its
minimally invasive approach does not require craniotomy,
sublesional test sonications can be delivered focally, and
immediate lesioning can occur. Moreover, MRgFUS has been
shown to be effective for other neurological disorders, such as
essential tremor (Lipsman et al., 2013; Ravikumar et al., 2017).
A recently published case series suggested MRgFUS was both safe
and effective enough to compete with other surgical procedures
for medication-resistant OCD (Jung et al., 2015). A meta-analysis
examining MRgFUS for essential tremor revealed in-procedure
complications consisting of dizziness (43.4%) and nausea or
vomiting (26.85%) (Mohammed et al., 2018). Long term, ataxia

(32.8%) and paresthesias (25.1%) were noted to be present at
3 months. Moreover, our group has previously projected the
cost of MRgFUS in essential tremor (Ravikumar et al., 2017).
However, it is unclear which combination of therapeutic results
and associated procedure costs would permit MRgFUS to be a
viable cost-effective alternative to other established neuroablative
therapies, such as RF capsulotomy. RF capsulotomy was selected
as the standard for comparison as it appears to have the highest
utility among surgical therapies for OCD.

The present study used a decision-making analytical model to
synthesize data from different sources in order to determine the
cost-effectiveness of MRgFUS versus RF capsulotomy (Grutters
et al., 2008). Given the limited clinical data evaluating outcomes
of MRgFUS for OCD, we sought to determine the threshold at
which MRgFUS yielded the same outcome as RF capsulotomy.
This involved calculating the rate of success for MRgFUS that
yielded the same utility as RF capsulotomy over a 1 year follow-up
period.

MATERIALS AND METHODS

As mentioned above, we previously generated a decision-
making analytical model to estimate and compare utility and
complication rates of DBS and ABL for treatment-refractory
OCD (Kumar et al., 2019). In this model, utility is a measure
of relative patient preference for a given healthcare outcome
(Weinstein et al., 1996). It is a parametric measure with
values ranging between 0 (deceased) and 1 (perfect health).
Each quality of life (QOL) score was converted to utility
using published algorithms or linear extrapolation (Gold, 1996;
Ravikumar et al., 2017). The quality-adjusted life year (QALY)
combines utility with duration in a particular health state. This
model projects the change in utility after surgery. Data for
the model were derived from a critical review of published
reports (Lipsman et al., 2013). The base case for this model
was a patient with treatment-refractory OCD of average age and
disease duration based on pooled data, who was considered a
suitable subject for surgical intervention. Outcome parameters
of interest were percent improvement in the Yale-Brown
Obsessive Compulsive Scale (Y-BOCS) score from baseline,
complications, and side effects of treatment (Goodman et al.,
1989).
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Data Collection
We performed a PubMed search of articles reporting the results
of RF capsulotomy for OCD. The search, performed in December
2016, included the term “obsessive-compulsive disorder” as a
subject heading or title, combined with one of the following:
“surgery” (subheading), “deep-brain stimulation (title or text), or
any of the following in the title: lesion, RF, thermal, stereotaxic,
stereotactic, or –otomy. Each article was reviewed by at least
two authors. We excluded non-English language publications,
case reports, reviews without original data, republication of
previously reported data, animal studies, technical reports and
other studies lacking original clinical data. The search was
supplemented by employing the “Related citations” feature of
PubMed and reviewing the bibliographies of review articles and
selected publications. A recent review was consulted to help
eliminate duplicated data (Brown et al., 2016).

Data extracted from each article included, where available,
number of cases, study type, intracranial target, side(s) operated,
number of operated cases, number of cases with complete follow-
up, demographics, postoperative complications and side effects
(type and number), mean follow-up duration, and pre- and
post-operative mean Y-BOCS scores at the longest follow-up
period provided. Complications were based on incidences only
from reports documenting complications or those stating none
occurred.

QOL Correlations
Comparative effectiveness studies require utility or a similar
metric of QOL. Using utility as a measure, change in Y-BOCS
values were converted to mean improvement in QOL using a
function based on published literature (Bystritsky et al., 1999;
Volpato Cordioli et al., 2003; Sousa et al., 2006; Besiroglu et al.,
2007; Norberg et al., 2008; Ross et al., 2008; Huppert et al.,
2009; Hollander et al., 2010; Huff et al., 2010; Reddy et al., 2010;
Simpson et al., 2010; Andersson et al., 2011; Srivastava et al., 2011;
Farris et al., 2013; Ooms et al., 2014).

Data Management
The mean response of Y-BOCS to RF capsulotomy was
determined using random-effects and inverse variance-weighted
meta-analysis of published observational data including mean
age, sex distribution, duration of symptoms, and incidences of
individual complications (Einarson, 1997; Nyman et al., 2001;
Brown et al., 2016). Using meta-regression of studies measuring
both changes in Y-BOCS and QOL, percent improvement in
Y-BOCS was converted to mean improved utility (Bystritsky
et al., 1999; Thompson and Higgins, 2002; Volpato Cordioli et al.,
2003; Sousa et al., 2006; Besiroglu et al., 2007; Norberg et al.,
2008; Ross et al., 2008; Huppert et al., 2009; Hollander et al.,
2010; Huff et al., 2010; Reddy et al., 2010; Simpson et al., 2010;
Andersson et al., 2011; Srivastava et al., 2011; Farris et al., 2013;
Ooms et al., 2014; Kumar et al., 2019). In addition, a subtree of
incidence of each reported complication and its effect on utility
was constructed to determine the utility of the average patient
with postoperative complications or surgical side effects from
RF capsulotomy. This study adhered to the guidelines set forth

by the Meta-analysis of Observational Studies in Epidemiology
(MOOSE) group (Stroup et al., 2000). Beta distributions of
probabilities and utilities were used to calculate model outputs.

Analyses
The primary analyses sought to compare measured costs
and effectiveness of bilateral RF capsulotomy with theoretical
outcomes of MRgFUS. As little is known about MRgFUS
effectiveness of durability, we utilized a threshold analysis over
a 1-year follow-up period. Costs were derived from Medicare
reimbursement rates for the procedures, a fair proxy for
costs from the perspective of society. Sensitivity analysis of
each MRgFUS parameter yielded cost, effectiveness (degree to
which MRgFUS lowered Y-BOCS score and hence improved
utility), and complication rate as the three most important
parameters in determining the cost-effectiveness threshold
between capsulotomy and MRgFUS. Parameters which were
less effective included, incidence of individual complications,
utility of individual complications, and time to onset of
individual complications following MRgFUS. Accordingly, these
were the parameters chosen to vary widely in a three-
way sensitivity analysis. Statistical comparisons employed the
Student’s t-test. Differences whose probabilities were less than
5% were considered significant. Meta-analytical pooling, meta-
regression and statistical analysis involved Stata (v. 12·1,
StataCorp, College Station, TX, United States). The decision
analysis model employed TreeAge Pro 2017 (TreeAge Software,
Williamstown, MA, United States).

RESULTS

Data Collection
The literature search returned 533 abstracts. Based on the criteria
outlined in the Section “Materials and Methods,” literature search
identified eight publications, exclusive of individual case reports,
containing complication and/or pre- and post-operative Y-BOCS
scores (Nyman et al., 2001; Christensen et al., 2002; Oliver et al.,
2003; Liu et al., 2008; Ruck et al., 2008; Csigo et al., 2010; D’Astous
et al., 2013; Zhan et al., 2014). A total 162 subjects were identified
in these studies, covering a period from 1999 to 2009.

Cost and Effectiveness of RF
Capsulotomy
The pooled average amount by which RF capsulotomy reduced
preoperative Y-BOCS score was 56.6% and similar to a recent
report (Rasmussen et al., 2018). This reduction in Y-BOCS
score translates to a 22.6% improvement in utility. Operative
complications of RF capsulotomy, along with the impact of each
of these complications are detailed in Table 1. Complications
occurred in 16.2% of RF cases. In 1.42% of these cases,
complications, such as intracranial hemorrhage, were considered
acute-perioperative and incurred additional hospitalization cost.
The other 14.8% of cases, such as memory and cognitive decline,
did not increase hospital reimbursement, although they affected
utility. The costs of professional and facility reimbursements
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TABLE 1 | Postoperative RF Complications—Pooled Frequency and Utility.

Category % SD (%) Mean utility SD Utility reference

Surgery-related

Intracranial hemorrhage 1.42 1.00 0.75 Danish et al. (2005)

Neurological

Decreased memory 2.08 1.20 0.69 Neumann et al. (1999)

Cognitive decline 1.42 1.00 0.810 0.210 Klein et al. (2001)

Urinary incontinence 0.71 0.71 0.66 0.13 Castejon et al. (2015)

Abulia, apathy 4.26 1.70 0.6 Estimated

Neurobehavioral

Anxiety, related 4.96 1.83 0.604 0.017 Endicott et al. (2007)

Suicide 0.71 0.71 0 0 Sox et al. (2013)

Misc. 0.71 0.71 0.8 Estimated

Incidence of operative complications of RF capsulotomy, along with the impact of each on utility and the relevant citation. OCD, obsessive-compulsive disorder; RF,
radiofrequency.

are summarized in Table 2. RF capsulotomy yielded a greater
total reimbursement compared to MRgFUS. Subsequently, a
rollback analysis of the RF capsulotomy tree yielded an expected
effectiveness of 0.212 QALYs per year at an average cost of
$24,099.

Comparison of RF Capsulotomy to
MRgFUS
Because no larger MRgFUS series for OCD have been reported
other than Jung et al., sensitivity analysis was necessary to make a
head-to-head comparison of the two treatments. This sensitivity
analysis examined cost, utility, and complications in determine
cost-effectiveness threshold for MRgFUS and RF capsulotomy.
Using this approach, analysis revealed MRgFUS as the more cost-
effective neurosurgical intervention for OCD under a wide range
of possible outcomes (Figure 1).

DISCUSSION

Obsessive-compulsive disorder is a chronic and often disabling
condition affecting millions of people, and neurosurgical

interventions help many who do not benefit from other
treatments. The psychiatrist-neurosurgeon Jean Talairach first
described and performed the capsulotomy in 1949, and since
then numerous technologies have emerged to safely perform this
surgery (Zanello et al., 2017). MRgFUS is one such technology
and potentially a more viable and cost-effective alternative to
RF capsulotomy. Using a decision-making analytical model
under multiple parameters of complication rate and procedure
cost, these findings support the cost-effectiveness of MRgFUS
over RF capsulotomy (Figure 2). These findings rely on the
calculated utility of RF capsulotomy as determined by published
data and reported complications. While the decision-making
analytical model of MRgFUS versus RF capsulotomy provides an
estimation of outcomes and potential utility of these procedures
when limited data is available, they are not a replacement
for randomized, controlled trials comparing these approaches
directly.

Sensitivity analysis revealed three factors: cost, effectiveness,
and complication rate as critical MRgFUS parameters
determining cost-effectiveness, and there are multiple areas
that could potentially enhance the cost-effectiveness of this
procedure. As the MRgFUS complication rates and long-term

TABLE 2 | Costs (2017 USD) of RF Capsulotomy and MRgFUS for OCD.

Treatment CPT code Professional
reimbursement

(USD)

DRG/APT/CPT
(facility)

code

Facility
reimbursement

(USD)

Total Reimbursement (USD)

Mean SD

RF capsulotomy 61735,
76377

$1,721 76377 $32

No major complications 24 $22,197 $23,950 $2,970

Major complications 23 $32,898 $34,651 $4,297

MRgFUS 0398T,
77290,
61800

$5,788 1537,
5611,
5612,

5613, 5614

$11,743 $17,660 $2,874

Compilation of treatment modality, CPT code, professional reimbursement (USD), facility code, facility reimbursement (USD), and total reimbursement for RF capsulotomy
and MRgFUS. OCD, obsessive-compulsive disorder; MRgFUS, magnetic resonance guided focused ultrasound; RF, radiofrequency.
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FIGURE 1 | Decision tree comparing MgFUS and RF capsulotomy for treatment-refractory OCD. Possible outcomes of each treatment are listed. Acute
complications of RF capsulotomy prolong hospital stays and increase costs. OCD, obsessive compulsive disorder; MRgFUS, magnetic resonance guided focused
ultrasound; RF, radiofrequency.

FIGURE 2 | MRgFUS capsulotomy is a cost-effective therapy for treatment-refractory OCD under a wide range of parameters. Sensitivity analysis of each MRgFUS
parameter yielded effectiveness (utility of MRgFUS), cost (USD) and complication rate (%) as the most important parameters in determining the cost-effectiveness
threshold between MRgFUS and RF capsulotomy. OCD, obsessive-compulsive disorder; MRgFUS, magnetic resonance guided focused ultrasound; RF,
radiofrequency.

impacts on utility remain to be examined, it is possible that
effectiveness and costs of MRgFUS will change over time as this
non-invasive technology improves and becomes widely available.
Recent data from the essential tremor trial do reveal stable effects
at 2 years post-operatively (Chang et al., 2017). MRgFUS is
not expected to have the small but notable acute-perioperative
complication rates seen with RF capsulotomy, which significantly

increases hospitalization costs. Of note, some of the observed
neurological and behavioral side effects with RF capsulotomy are
secondary to lesion targeting. Thus, there exists the possibility
that similar complications may be observed in MRgFUS for
OCD. However, MRgFUS for essential tremor is known to have
transient acute complications, such as headache, nausea and
vestibular symptoms, the less invasive nature of the procedure
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may translate to a lower risk profile and contribute to increased
cost-effectiveness, when compared to open procedures, such as
RF capsulotomy (Jung et al., 2015).

MR-guided focused ultrasound is an innovative technology
that possesses great potential as a safer and more cost-effective
therapeutic intervention for treatment-refractory OCD. Future
clinical trials for OCD should evaluate MRgFUS capsulotomy
against other neurosurgical interventions, such as DBS, SRS,
and RF ablation. These studies would benefit from careful
assessment of the acute and long-term efficacy and complications
of MRgFUS, the most important factors impacting the scalability
of MRgFUS capsulotomy as a major therapy for OCD.

AUTHOR CONTRIBUTIONS

KK, MB, SS, and CH contributed to conception and design of the
study. KK, SS, and CH organized the database and performed the
statistical analysis. KK, MB, VR, PG, SS, and CH helped prepare
and draft the manuscript.

ACKNOWLEDGMENTS

We greatly appreciate the assistance of Cindy Samos in
preparation and formatting of this manuscript.

REFERENCES
Abramowitz, J. S., Taylor, S., and McKay, D. (2009). Obsessive-compulsive

disorder. Lancet 374, 491–499. doi: 10.1016/S0140-6736(09)60240-3
Andersson, E., Ljotsson, B., Hedman, E., Kaldo, V., Paxling, B., Andersson, G., et al.

(2011). Internet-based cognitive behavior therapy for obsessive compulsive
disorder: a pilot study. BMC Psychiatry 11:125. doi: 10.1186/1471-244X-11-125

Bari, A. A., Mikell, C. B., Abosch, A., Ben-Haim, S., Buchanan, R. J., Burton,
A. W., et al. (2018). Charting the road forward in psychiatric neurosurgery:
proceedings of the 2016 American Society for Stereotactic and Functional
Neurosurgery workshop on neuromodulation for psychiatric disorders.
J. Neurol. Neurosurg. Psychiatry 89, 886–896. doi: 10.1136/jnnp-2017-317082

Besiroglu, L., Uguz, F., Saglam, M., Agargun, M. Y., and Cilli, A. S. (2007). Factors
associated with major depressive disorder occurring after the onset of obsessive-
compulsive disorder. J. Affect. Disord. 102, 73–79. doi: 10.1016/j.jad.2006.
12.007

Brown, L. T., Mikell, C. B., Youngerman, B. E., Zhang, Y., McKhann, G. M. II,
and Sheth, S. A. (2016). Dorsal anterior cingulotomy and anterior capsulotomy
for severe, refractory obsessive-compulsive disorder: a systematic review
of observational studies. J. Neurosurg. 124, 77–89. doi: 10.3171/2015.1.JNS
14681

Bystritsky, A., Saxena, S., Maidment, K., Vapnik, T., Tarlow, G., and Rosen, R.
(1999). Quality-of-life changes among patients with obsessive-compulsive
disorder in a partial hospitalization program. Psychiatr. Serv. 50, 412–414.
doi: 10.1176/ps.50.3.412

Castejon, N., Khalaf, K., Ni, Q., Cuervo, J., and Patrick, D. L. (2015). Psychometric
properties of the incontinence utility index among patients with idiopathic
overactive bladder: data from two multicenter, double-blind, randomized.
Phase 3, placebo-controlled clinical trials. Health Qual. Life Outcomes 13:116.
doi: 10.1186/s12955-015-0306-5

Chang, J. W., Park, C. K., Lipsman, N., Schwartz, M. L., Ghanouni, P.,
Henderson, J. M., et al. (2017). A prospective trial of magnetic resonance
guided focused ultrasound thalamotomy for essential tremor: results
at the 2-year follow-up. Ann. Neurol. 83, 107–114. doi: 10.1002/ana.
25126

Christensen, D. D., Laitinen, L. V., Schmidt, L. J., and Hariz, M. I. (2002). Anterior
capsulotomy for treatment of refractory obsessive-compulsive disorder: results
in a young and an old patient. Stereotact. Funct. Neurosurg. 79, 234–244.
doi: 10.1159/000070837

Csigo, K., Harsanyi, A., Demeter, G., Rajkai, C., Nemeth, A., and Racsmany, M.
(2010). Long-term follow-up of patients with obsessive-compulsive disorder
treated by anterior capsulotomy: a neuropsychological study. J. Affect. Disord.
126, 198–205. doi: 10.1016/j.jad.2010.02.127

Danish, S. F., Burnett, M. G., Ong, J. G., Sonnad, S. S., Maloney-Wilensky, E., and
Stein, S. C. (2005). Prophylaxis for deep venous thrombosis in craniotomy
patients: a decision analysis. Neurosurgery 56, 1286–1292; discussion
1292–1284. doi: 10.1227/01.NEU.0000159882.11635.EA

D’Astous, M., Cottin, S., Roy, M., Picard, C., and Cantin, L. (2013). Bilateral
stereotactic anterior capsulotomy for obsessive-compulsive disorder: long-term
follow-up. J. Neurol. Neurosurg. Psychiatry 84, 1208–1213. doi: 10.1136/jnnp-
2012-303826

Einarson, T. R. (1997). Pharmacoeconomic applications of meta-analysis for single
groups using antifungal onychomycosis lacquers as an example. Clin. Ther. 19,
559–569;discussion538–559. doi: 10.1016/S0149-2918(97)80140-3

Endicott, J., Russell, J. M., Raskin, J., Detke, M. J., Erickson, J., Ball, S. G., et al.
(2007). Duloxetine treatment for role functioning improvement in generalized
anxiety disorder: three independent studies. J. Clin. Psychiatry 68, 518–524.
doi: 10.4088/JCP.v68n0405

Farris, S. G., McLean, C. P., Van Meter, P. E., Simpson, H. B., and Foa, E. B. (2013).
Treatment response, symptom remission, and wellness in obsessive-compulsive
disorder. J. Clin. Psychiatry 74, 685–690. doi: 10.4088/JCP.12m07789

Gold, M. R. (1996). Cost-Effectiveness in Health and Medicine. Oxford: Oxford
university press.

Goodman, W. K., Price, L. H., Rasmussen, S. A., Mazure, C., Delgado, P., Heninger,
G. R., et al. (1989). The yale-brown obsessive compulsive scale. II. Validity. Arch.
Gen. Psychiatry 46, 1012–1016. doi: 10.1001/archpsyc.1989.01810110054008

Grutters, J. P., Joore, M. A., Van Der Horst, F., Stokroos, R. J., and Anteunis, L. J.
(2008). Decision-analytic modeling to assist decision making in organizational
innovation: the case of shared care in hearing aid provision. Health Serv. Res.
43(5 Pt 1), 1662–1673. doi: 10.1111/j.1475-6773.2008.00872.x

Hollander, E., Stein, D. J., Fineberg, N. A., Marteau, F., and Legault, M. (2010).
Quality of life outcomes in patients with obsessive-compulsive disorder:
relationship to treatment response and symptom relapse. J. Clin. Psychiatry 71,
784–792. doi: 10.4088/JCP.09m05911blu

Huff, W., Lenartz, D., Schormann, M., Lee, S. H., Kuhn, J., Koulousakis, A., et al.
(2010). Unilateral deep brain stimulation of the nucleus accumbens in patients
with treatment-resistant obsessive-compulsive disorder: outcomes after one
year. Clin. Neurol. Neurosurg. 112, 137–143. doi: 10.1016/j.clineuro.2009.11.006

Huppert, J. D., Simpson, H. B., Nissenson, K. J., Liebowitz, M. R., and Foa,
E. B. (2009). Quality of life and functional impairment in obsessive-compulsive
disorder: a comparison of patients with and without comorbidity, patients in
remission, and healthy controls. Depress. Anxiety 26, 39–45. doi: 10.1002/da.
20506

Jung, H. H., Kim, S. J., Roh, D., Chang, J. G., Chang, W. S., Kweon, E. J., et al. (2015).
Bilateral thermal capsulotomy with MR-guided focused ultrasound for patients
with treatment-refractory obsessive-compulsive disorder: a proof-of-concept
study. Mol. Psychiatry 20, 1205–1211. doi: 10.1038/mp.2014.154

Kessler, R. C., Berglund, P., Chiu, W. T., Demler, O., Heeringa, S., Hiripi, E., et al.
(2004). The US National Comorbidity Survey Replication (NCS-R): design and
field procedures. Int. J. Methods Psychiatr. Res. 13, 69–92. doi: 10.1002/mpr.167

Klein, M., Taphoorn, M. J., Heimans, J. J., van der Ploeg, H. M., Vandertop, W. P.,
Smit, E. F., et al. (2001). Neurobehavioral status and health-related quality of life
in newly diagnosed high-grade glioma patients. J. Clin. Oncol. 19, 4037–4047.
doi: 10.1200/JCO.2001.19.20.4037

Kreienberg, R., Albert, U. S., Follmann, M., Kopp, I. B., Kuhn, T., and Wockel, A.
(2013). Interdisciplinary GoR level III guidelines for the diagnosis, therapy
and follow-up care of breast cancer: short version – AWMF registry No.: 032-
045OL AWMF-Register-Nummer: 032-045OL – kurzversion 3.0, Juli 2012.
Geburtshilfe Frauenheilkd 73, 556–583. doi: 10.1055/s-0032-1328689

Kumar, K. K., Appelboom, G., Lamsam, L., Caplan, A. L., Williams, N. R.,
Bhati, M. T., et al. (2019). Comparative effectiveness of neuroablation and
deep brain stimulation for treatment-resistant obsessive-compulsive disorder: a

Frontiers in Neuroscience | www.frontiersin.org 6 February 2019 | Volume 13 | Article 66

https://doi.org/10.1016/S0140-6736(09)60240-3
https://doi.org/10.1186/1471-244X-11-125
https://doi.org/10.1136/jnnp-2017-317082
https://doi.org/10.1016/j.jad.2006.12.007
https://doi.org/10.1016/j.jad.2006.12.007
https://doi.org/10.3171/2015.1.JNS14681
https://doi.org/10.3171/2015.1.JNS14681
https://doi.org/10.1176/ps.50.3.412
https://doi.org/10.1186/s12955-015-0306-5
https://doi.org/10.1002/ana.25126
https://doi.org/10.1002/ana.25126
https://doi.org/10.1159/000070837
https://doi.org/10.1016/j.jad.2010.02.127
https://doi.org/10.1227/01.NEU.0000159882.11635.EA
https://doi.org/10.1136/jnnp-2012-303826
https://doi.org/10.1136/jnnp-2012-303826
https://doi.org/10.1016/S0149-2918(97)80140-3
https://doi.org/10.4088/JCP.v68n0405
https://doi.org/10.4088/JCP.12m07789
https://doi.org/10.1001/archpsyc.1989.01810110054008
https://doi.org/10.1111/j.1475-6773.2008.00872.x
https://doi.org/10.4088/JCP.09m05911blu
https://doi.org/10.1016/j.clineuro.2009.11.006
https://doi.org/10.1002/da.20506
https://doi.org/10.1002/da.20506
https://doi.org/10.1038/mp.2014.154
https://doi.org/10.1002/mpr.167
https://doi.org/10.1200/JCO.2001.19.20.4037
https://doi.org/10.1055/s-0032-1328689
https://www.frontiersin.org/journals/neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles


fnins-13-00066 February 6, 2019 Time: 15:57 # 7

Kumar et al. MRgFUS Versus RF Ablation Cost-Effectiveness for OCD

meta-analytic study. J. Neurol. Neurosurg. Psychiatry. doi: 10.1136/jnnp-2018-
319318 [Epub ahead of print].

Lipsman, N., Schwartz, M. L., Huang, Y., Lee, L., Sankar, T., Chapman, M.,
et al. (2013). MR-guided focused ultrasound thalamotomy for essential tremor:
a proof-of-concept study. Lancet Neurol. 12, 462–468. doi: 10.1016/S1474-
4422(13)70048-6

Liu, K., Zhang, H., Liu, C., Guan, Y., Lang, L., Cheng, Y., et al. (2008). Stereotactic
treatment of refractory obsessive compulsive disorder by bilateral capsulotomy
with 3 years follow-up. J. Clin. Neurosci. 15, 622–629. doi: 10.1016/j.jocn.2007.
07.086

Mohammed, N., Patra, D., and Nanda, A. (2018). A meta-analysis of outcomes
and complications of magnetic resonance-guided focused ultrasound in the
treatment of essential tremor. Neurosurg. Focus 44:E4. doi: 10.3171/2017.11.
FOCUS17628

Neumann, P. J., Kuntz, K. M., Leon, J., Araki, S. S., Hermann, R. C., Hsu,
M. A., et al. (1999). Health utilities in Alzheimer’s disease: a cross-sectional
study of patients and caregivers. Med. Care 37, 27–32. doi: 10.1097/00005650-
199901000-00005

Norberg, M. M., Calamari, J. E., Cohen, R. J., and Riemann, B. C. (2008). Quality
of life in obsessive-compulsive disorder: an evaluation of impairment and a
preliminary analysis of the ameliorating effects of treatment. Depress. Anxiety
25, 248–259. doi: 10.1002/da.20298

Nyman, H., Andreewitch, S., Lundback, E., and Mindus, P. (2001). Executive
and cognitive functions in patients with extreme obsessive-compulsive
disorder treated by capsulotomy. Appl. Neuropsychol. 8, 91–98. doi: 10.1207/
S15324826AN0802_3

Oliver, B., Gascon, J., Aparicio, A., Ayats, E., Rodriguez, R., Maestro De Leon, J. L.,
et al. (2003). Bilateral anterior capsulotomy for refractory obsessive-compulsive
disorders. Stereotact. Funct. Neurosurg. 81, 90–95. doi: 10.1159/00007
5110

Ooms, P., Mantione, M., Figee, M., Schuurman, P. R., van den Munckhof, P., and
Denys, D. (2014). Deep brain stimulation for obsessive-compulsive disorders:
long-term analysis of quality of life. J. Neurol. Neurosurg. Psychiatry 85,
153–158. doi: 10.1136/jnnp-2012-302550

Rasmussen, S. A., Noren, G., Greenberg, B. D., Marsland, R., McLaughlin, N. C.,
Malloy, P. J., et al. (2018). Gamma ventral capsulotomy in intractable obsessive-
compulsive disorder. Biol. Psychiatry 84, 355–364. doi: 10.1016/j.biopsych.2017.
11.034

Ravikumar, V. K., Parker, J. J., Hornbeck, T. S., Santini, V. E., Pauly, K. B.,
Wintermark, M., et al. (2017). Cost-effectiveness of focused ultrasound,
radiosurgery, and DBS for essential tremor. Mov. Disord. 32, 1165–1173.
doi: 10.1002/mds.26997

Reddy, Y. C., Alur, A. M., Manjunath, S., Kandavel, T., and Math, S. B. (2010).
Long-term follow-up study of patients with serotonin reuptake inhibitor-
nonresponsive obsessive-compulsive disorder. J. Clin. Psychopharmacol. 30,
267–272. doi: 10.1097/JCP.0b013e3181dbfb53

Ross, S., Fallon, B. A., Petkova, E., Feinstein, S., and Liebowitz, M. R. (2008). Long-
term follow-up study of patients with refractory obsessive-compulsive disorder.
J. Neuropsychiatry Clin. Neurosci. 20, 450–457. doi: 10.1176/appi.neuropsych.
20.4.450

Ruck, C., Karlsson, A., Steele, J. D., Edman, G., Meyerson, B. A., Ericson, K., et al.
(2008). Capsulotomy for obsessive-compulsive disorder: long-term follow-up

of 25 patients. Arch. Gen. Psychiatry 65, 914–921. doi: 10.1001/archpsyc.65.
8.914

Simpson, H. B., Zuckoff, A. M., Maher, M. J., Page, J. R., Franklin, M. E., Foa,
E. B., et al. (2010). Challenges using motivational interviewing as an adjunct
to exposure therapy for obsessive-compulsive disorder. Behav. Res. Ther. 48,
941–948. doi: 10.1016/j.brat.2010.05.026

Sousa, M. B., Isolan, L. R., Oliveira, R. R., Manfro, G. G., and Cordioli, A. V.
(2006). A randomized clinical trial of cognitive-behavioral group therapy and
sertraline in the treatment of obsessive-compulsive disorder. J. Clin. Psychiatry
67, 1133–1139. doi: 10.4088/JCP.v67n0717

Sox, H. C., Higgins, M. C., Owens, D. K., and ebrary Inc. (2013). Medical Decision
Making, 2nd Edn. Chichester: John Wiley & Sons. doi: 10.1002/9781118341544

Srivastava, S., Bhatia, M. S., Thawani, R., and Jhanjee, A. (2011). Quality of life in
patients with obsessive compulsive disorder: a longitudinal study from India.
Asian J. Psychiatr. 4, 178–182. doi: 10.1016/j.ajp.2011.05.008

Stroup, D. F., Berlin, J. A., Morton, S. C., Olkin, I., Williamson, G. D., Rennie, D.,
et al. (2000). Meta-analysis of observational studies in epidemiology: a proposal
for reporting. Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) group. JAMA 283, 2008–2012. doi: 10.1001/jama.283.15.2008

Thompson, S. G., and Higgins, J. P. (2002). How should meta-regression analyses
be undertaken and interpreted? Stat. Med. 21, 1559–1573. doi: 10.1002/sim.
1187

Volpato Cordioli, A., Heldt, E., Braga Bochi, D., Margis, R., Basso de Sousa, M.,
Fonseca Tonello, J., et al. (2003). Cognitive-behavioral group therapy
in obsessive-compulsive disorder: a randomized clinical trial. Psychother.
Psychosom. 72, 211–216. doi: 10.1159/000070785

Weinstein, M. C., Siegel, J. E., Gold, M. R., Kamlet, M. S., and Russell, L. B. (1996).
Recommendations of the panel on cost-effectiveness in health and medicine.
JAMA 276, 1253–1258. doi: 10.1001/jama.1996.03540150055031

Zanello, M., Pallud, J., Baup, N., Peeters, S., Turak, B., Krebs, M. O., et al. (2017).
History of psychosurgery at Sainte-Anne Hospital, Paris, France, through
translational interactions between psychiatrists and neurosurgeons. Neurosurg.
Focus 43:E9. doi: 10.3171/2017.6.FOCUS17250

Zhan, S., Liu, W., Li, D., Pan, S., Pan, Y., Li, Y., et al. (2014). Long-term follow-up of
bilateral anterior capsulotomy in patients with refractory obsessive-compulsive
disorder. Clin. Neurol. Neurosurg. 119, 91–95. doi: 10.1016/j.clineuro.2014.
01.009

Conflict of Interest Statement: MB, PG, and CH have received research support
from the Focused Ultrasound Foundation.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2019 Kumar, Bhati, Ravikumar, Ghanouni, Stein and Halpern. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Neuroscience | www.frontiersin.org 7 February 2019 | Volume 13 | Article 66

https://doi.org/10.1136/jnnp-2018-319318
https://doi.org/10.1136/jnnp-2018-319318
https://doi.org/10.1016/S1474-4422(13)70048-6
https://doi.org/10.1016/S1474-4422(13)70048-6
https://doi.org/10.1016/j.jocn.2007.07.086
https://doi.org/10.1016/j.jocn.2007.07.086
https://doi.org/10.3171/2017.11.FOCUS17628
https://doi.org/10.3171/2017.11.FOCUS17628
https://doi.org/10.1097/00005650-199901000-00005
https://doi.org/10.1097/00005650-199901000-00005
https://doi.org/10.1002/da.20298
https://doi.org/10.1207/S15324826AN0802_3
https://doi.org/10.1207/S15324826AN0802_3
https://doi.org/10.1159/000075110
https://doi.org/10.1159/000075110
https://doi.org/10.1136/jnnp-2012-302550
https://doi.org/10.1016/j.biopsych.2017.11.034
https://doi.org/10.1016/j.biopsych.2017.11.034
https://doi.org/10.1002/mds.26997
https://doi.org/10.1097/JCP.0b013e3181dbfb53
https://doi.org/10.1176/appi.neuropsych.20.4.450
https://doi.org/10.1176/appi.neuropsych.20.4.450
https://doi.org/10.1001/archpsyc.65.8.914
https://doi.org/10.1001/archpsyc.65.8.914
https://doi.org/10.1016/j.brat.2010.05.026
https://doi.org/10.4088/JCP.v67n0717
https://doi.org/10.1002/9781118341544
https://doi.org/10.1016/j.ajp.2011.05.008
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1002/sim.1187
https://doi.org/10.1002/sim.1187
https://doi.org/10.1159/000070785
https://doi.org/10.1001/jama.1996.03540150055031
https://doi.org/10.3171/2017.6.FOCUS17250
https://doi.org/10.1016/j.clineuro.2014.01.009
https://doi.org/10.1016/j.clineuro.2014.01.009
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/neuroscience#articles

	MR-Guided Focused Ultrasound Versus Radiofrequency Capsulotomy for Treatment-Refractory Obsessive-Compulsive Disorder: A Cost-Effectiveness Threshold Analysis
	Introduction
	Materials and Methods
	Data Collection
	QOL Correlations
	Data Management
	Analyses

	Results
	Data Collection
	Cost and Effectiveness of RF Capsulotomy
	Comparison of RF Capsulotomy to MRgFUS

	Discussion
	Author Contributions
	Acknowledgments
	References


