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leefstra syndrome is a rare genetic disorder that 
results from disruption of the euchromatic his-
tone-lysine-N-methyltransferase 1 (EHMT1) gene 

as the result of either a chromosomal microdeletion or 
an EHMT1 mutation.25 Characterized by a phenotype of 
childhood hypotonia, intellectual disability, and distinc-
tive facial features, this syndrome is often accompanied 
by myriad psychiatric and behavioral disorders.12,22,25

While deep brain stimulation (DBS) has been used as a 
treatment for a number of neuropsychiatric conditions in-
cluding obsessive-compulsive disorder (OCD), depression, 
and Tourette syndrome (TS), there is no literature on using 
DBS for the neuropsychiatric symptoms of a purely genet-
ic disorder. In 1999, Nuttin and colleagues18 were the first 
to describe the use of DBS for OCD, and their encourag-
ing initial experience was confirmed with additional stud-
ies,8,9,19 resulting in FDA approval of DBS for the treatment 
of OCD. Multiple reports also suggest beneficial effects 
in severe, treatment-refractory cases of TS.7,23 The pres-
ent report describes the first case in which DBS was used 

to treat the obsessive-compulsive and TS-like features of 
Kleefstra syndrome, a rare genetic disorder with no cur-
rently effective treatments.

Case Report
History and Examination

A 24-year-old female presented with childhood hypoto-
nia, developmental delay, and subsequent regression. In ad-
olescence, she had become less communicative, had dem-
onstrated decreases in her reading ability, and had been 
unable to manage activities of daily living. On presenta-
tion, she had a baseline global assessment of functioning 
(GAF) score of 20, indicative of severe impairment. 

Family members reported that she spent a significant 
portion of her time standing staring at traffic or repetitive-
ly turning the water in the sink on and off, becoming dis-
tressed if interrupted. She demonstrated multiple stereo-
typic movements, biting her hands and picking at her skin 
to the point of bleeding. Communication was limited to 
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single words or short phrases. This constellation of symp-
toms led to diagnoses of pervasive developmental disor-
der and OCD. She was additionally noted to have severe 
coprolalia and vocal tics consistent with TS. Over time, 
her neuropsychiatric symptoms continued to worsen and 
became incapacitating despite multiple attempts at medi-
cal and behavioral therapy. 

Operation
Following discussion among the patient’s multidisci-

plinary medical team and family, the patient underwent 
bilateral placement of ventral capsule/ventral striatum 
(VC/VS) DBS leads (Medtronic 3389) to treat her dis-
abling OCD and TS; an outside neurosurgeon performed 
the initial electrode placement. Target coordinates were 
chosen as previously described for the VC/VS region used 
in OCD trials.8,9,19 Correct implantation was confirmed 
using postoperative CT studies merged with preoperative 
MRI. Positioning of the distal electrode contacts was de-
termined from postimplantation imaging, using the pos-
terior border of the anterior commissure (AC), posterior 
commissure (PC), and AC-PC line as reference. Bilater-
ally, distal contacts were determined to be 7 mm lateral 
to the midline and 3 mm ventral to the AC-PC line. An-
teroposterior positioning of the left electrode was 1 mm 
anterior to the AC, while the right electrode was located at 
the level of the AC. These parameters are within the range 
of effective VC/VS electrode placements determined in 
previous cases of VC/VS DBS for OCD.8 

Postoperative Course 
Stimulation parameters were consistent with those pre-

viously described at this target.9,19 Stimulation was tested 
at a range of 2–8 V, and initial therapy was started at 6 V, 
with a frequency of 130 Hz and a pulse width of 90 msec. 
The patient’s clinical course was monitored while on and 
off stimulation. Objective assessment with the Yale-Brown 
Obsessive Compulsive Scale (YBOCS) was attempted to 
precisely chart OCD severity and response to treatments; 
however, the scale could not be applied consistently given 
the patient’s underlying intellectual disability. Instead, the 
involved medical providers and her family subjectively de-
termined her psychiatric state. Additionally, GAF scores 
were determined at various stages of treatment.

After implantation, the patient demonstrated gradual 
and progressive improvement in her obsessive-compulsive 
behaviors, coprolalia, speech, and social interaction over 
3–9 months. Her GAF scores improved steadily during 
this time, jumping to 30–40 shortly after implantation and 
increasing to 50–60 after 9 months. 

She then began to gradually regress clinically over sev-
eral months with noted worsening of symptoms. Imaging 
revealed that one DBS lead had fractured and the other 
had withdrawn from the target (Fig. 1). By this time, her 
GAF score had returned to a baseline of 20. Both leads 
were subsequently explanted. Because medical provid-
ers, teachers, caregivers, and family corroborated that 
DBS had dramatically improved the patient’s function, the 
leads were replaced in their original locations in the VC/
VS. Implantation was again confirmed with postoperative 
CT studies merged with preoperative MRI (Fig. 2).

Following lead replacement, the patient once again be-
gan to experience substantial improvement, with a similar 
increase in GAF scores to between 50 and 60. She be-
came more communicative and interactive at school, an 
improvement that was noted by clinicians, family mem-
bers, teachers, other parents, and students. She became 
significantly more interactive and motivated during daily 
activities and even participated in Special Olympics bowl-
ing. Care providers also noted a significant reduction in 
her anxiety, compulsive behaviors, coprolalia, and vocal 
tics. Her hyperphagic tendencies also decreased, contrib-
uting to a nearly 20-kg weight loss.

Fig. 1. Plain skull radiographs demonstrating lead fracture of the left 
DBS electrode (white arrow) and withdrawal and displacement of the 
right DBS lead from the target area (black arrow).

Fig. 2. Preoperative MR image fused with postoperative CT scan dem-
onstrating effective VC/VS electrode replacement.
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Approximately 2 years following lead replacement, 
Kleefstra syndrome was diagnosed after the detection of 
a 9q34.3 deletion on microarray. Despite the observation 
that some patients with Kleefstra syndrome demonstrate 
a regressive course with worsening motor and neurobe-
havioral symptoms over time,24 our patient continued to 
function substantially above her baseline level more than 3 
years after replacement of the DBS leads. A considerable 
reduction in OCD behaviors has allowed for substantial 
qualitative benefits to the patient and her family. Occa-
sional subtle worsening of symptoms over the more than 
3 years since lead replacement has largely been reversed 
or improved by adjusting stimulation parameters. At the 
last follow-up, the stimulus amplitude was set to 8 V, with 
a frequency of 130 Hz and a pulse width of 90 msec. Be-
cause of the frequent battery changes necessary at these 
settings, both pulse generators were subsequently replaced 
with versions that could be externally recharged.

At the patient’s last follow-up, 3 years after replacement 
of her DBS leads, she continued to demonstrate sustained 
and substantial improvement in her OCD symptoms, TS-
like tics, coprolalia, and social behavior and sustained im-
provement in her GAF.

discussion
Of the 85 cases of Kleefstra syndrome reported since 

the EHMT1 gene was discovered in the 1990s, a signifi-
cant majority have been associated with the 9q34.3 micro-
deletion.25 Among patients with this microdeletion, 54% 
have behavioral and psychiatric problems, 58% demon-
strate abnormalities on brain imaging, 36% have a concur-
rent diagnosis of epilepsy, and 20% are defined as obese.25 
The syndrome affects multiple organ systems, and the 
phenotype commonly includes brachycephaly, progna-
thism, macroglossia, tented upper lip, everted lower lip, 
and conotruncal defects.12,22,25

The behavioral and neuropsychiatric symptoms allevi-
ated in our patient are common in Kleefstra syndrome but 
are frequently accompanied by other traits. Patients may 
demonstrate, with variable penetrance, autistic features, 
concentration and attention deficits, sleep disorders, anxi-
ety, obsessive-compulsive symptoms, stereotypic move-
ments and motor disorders, severe speech delay, lack of 
social interaction, and posturing.12,22,24 There is some evi-
dence of a neurodegenerative, progressive apathy syndrome 
that becomes more evident in adolescence and adulthood. 
However, minimal literature documents the prevalence of 
such behavioral phenotypes.24

While the current literature does report obsessive-
compulsive symptoms, bursts of anger, and disorders of 
attention as common,12 a phenotypic prevalence can only 
be estimated. Similarly, a review of the literature failed to 
demonstrate specific mention of TS in patients with Kleef-
stra syndrome; however, TS is a common comorbidity of 
both OCD11 and autism spectrum disorders,4 and the two 
are associated with Kleefstra syndrome.22,25

Multiple possible DBS targets have been examined for 
the treatment of OCD, including the anterior limb of the 
internal capsule, nucleus accumbens, VC/VS, subthalamic 
nucleus, and inferior thalamic peduncle.13 A systematic re-

view by Kohl et al. in 2014 demonstrated approximately 
equivalent reductions in OCD severity across the first 4 
targets, while the inferior thalamic peduncle had higher 
success rates but a much smaller sample size.13 While un-
equivocally determining a superior target may be difficult, 
the largest of the reviewed studies, by Greenberg et al., 
noted that results improved with slight posterior adjust-
ments to VC/VS targeting over the course of the study, 
leading to improved outcomes at lower average stimula-
tion requirements.8 Electrode placement varied from an 
average of more than 4 mm anterior to the AC in the first 
cohort to an average centered around 0 mm anterior to 
the AC in the final group of patients, in whom targeting 
was considered to be the most effective. Targeting in this 
final group was consistent with the location of the DBS 
electrodes in our patient. Moreover, the stimulation pa-
rameters tested and used ranged from 2 to 8 V,8 consistent 
with the parameters used in our patient.

The effects of DBS on TS have only been described 
in a small number of patients. Multiple targets have been 
successful on a case-by-case basis, with the largest num-
ber of patients treated with bilateral implantation in the 
centromedian-parafascicular complex and ventralis oralis 
of the thalamus.21 Other DBS targets, including the inter-
nal segment of the globus pallidus,5,6,16 anterior limb of the 
internal capsule,7,14 and nucleus accumbens,14,17 have dem-
onstrated a successful reduction in tic severity and comor-
bid obsessive-compulsive symptoms, a common clinical 
finding in patients with TS.15 A reported case of TS with 
severe comorbid OCD and self-mutilation responded dra-
matically to DBS in the nucleus accumbens.17 These latter 
targets are most consistent with the target used in our pa-
tient. In reviewing the stimulation parameters in cases of 
nucleus accumbens and anterior internal capsule stimula-
tion, we found initial voltages ranging from 4 to 7 V.7,14,17

The juxtaposed anatomy of the anterior limb of the 
internal capsule, nucleus accumbens, and VC/VS allows 
targeting of this area to modulate connections considered 
relevant to both OCD and TS. Successful intervention at 
these locations is consistent with the disruption of orbi-
tofrontal-caudate-pallidal-thalamic circuitry, implicated 
as a source of possible hyperactivity contributing to OCD 
and TS symptoms.10

Studies of VC/VS DBS for severe OCD have consis-
tently noted improvements in disease severity as deter-
mined by clinical assessment and the YBOCS. In a multi-
site study of 26 severe OCD cases (mean preimplantation 
YBOCS score of 34), patients demonstrated an average 
decrease to 20.9 in the YBOCS score at 36 months of ac-
tive DBS, well below the study definition of severe OCD.8 
At 1 month of treatment, 28% of patients met criteria for a 
full response rate of a 35% decrease in the YBOCS score. 
Notably, full response rates continued to rise over time, 
increasing to 61.5% by the last follow-up. An additional 
11.5% of patients who did not meet the criteria for a full 
response improved at least 25%.

This same study demonstrated marked improvement in 
global functioning, as measured by GAF scores.8 Twenty 
of the 21 patients in whom GAF scores were available had 
baseline scores below the cutoff of 40, consistent with 
major functional impairment. At the last follow-up, mean 
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GAF scores had risen from a baseline of 34.8 to 59.0. 
These data are consistent with the improvements in global 
functioning noted in our case. Patients also demonstrated 
consistent global improvement on a 5-point clinical scale, 
with 65% noted to be “much better” and no patient found 
to be worse than baseline.8

In our case, subjective evidence, albeit from diverse 
sources—mother, doctors, teachers, friends, and neigh-
bors—pointed to significant clinical improvement in anxi-
ety, compulsive symptoms, vocal tics, and general func-
tioning after successful DBS. These changes are consistent 
with improvements seen in other cases of DBS for OCD 
and TS. Our ability to assess our patient was limited by the 
inability to use validated rating scales, such as the YBOCS 
or tic severity scale, and such widely accepted measures 
would have allowed for more detailed monitoring of symp-
tom evolution over time. Despite our inability to rely on 
such effective assessments, the perspicuous recurrence of 
symptoms with DBS lead failure and the restoration of 
benefit after reimplantation solidify the assertion that VC/
VS DBS was in fact responsible for the substantial clinical 
improvement in this case. Given the failure of both the right 
and left leads prior to reimplantation, it is difficult to assess 
the effectiveness of unilateral DBS on symptom control in 
our patient; however, we must consider the possibility that 
significant symptom control was achieved with unilateral 
electrode function and that the lead malfunction was only 
clinically unmasked after failure of the second lead.

It should be noted that DBS is a procedure that requires 
meticulous attention to detail to avoid technical pitfalls. In 
this case, proper lead placement was verified after the ini-
tial operation by using postoperative CT studies merged 
with MRI. Months later, right-sided lead migration was 
noted, a relatively uncommon late complication.3,20 More-
over, the left lead was found to be fractured, a far more 
common complication probably caused by repetitive dis-
ruption of a cervically placed lead during movement.20 It 
is likely that both of these events resulted from inadequate 
anchoring of the connectors, which caused downward mi-
gration from their initial positions on the patient’s skull.20

Conclusions
Kleefstra syndrome is a heterogeneous and multisys-

tem genetic disorder that cannot be managed with a single 
intervention. Instead, the provision of optimal care re-
quires the attention of multiple disciplines, and in our pa-
tient we present a new and promising treatment modality. 
The symptomatic and functional improvements observed 
in this first case of VC/VS DBS for Kleefstra syndrome 
suggest a novel indication for DBS worthy of further in-
vestigation. The presence of OCD and TS symptoms in 
a monogenetic disease such as Kleefstra syndrome offers 
an intriguing avenue for the study of both disease and 
treatment through the exploration of animal models. Ini-
tial studies in EHMT1 knockout mice have demonstrated 
some behavioral abnormalities proposed to be consis-
tent with the intellectual disability, autistic features, and 
anxiety seen in Kleefstra syndrome,1,2 and further study 
of these models will, we hope, provide additional insight. 
The decline in function following electrode malfunction 

and subsequent recovery following reimplantation im-
plicates DBS as the likely causal factor for the patient’s 
improvement. This correlation, together with the longev-
ity of ongoing benefits to the patient, suggests a possible 
therapeutic role for DBS in patients with this rare genetic 
disorder.
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