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a b s t r a c t 

We report on a patient who underwent magnetic resonance guided focused ultrasound 

(MRgFUS) thalamotomy to treat tremor 3 years after a stereotactic radiosurgery (SRS) tha- 

lamotomy. The SRS produced only limited and transient improvements and was associated 

with a persistent hyperintensity on T2-FLAIR MR images. The MRgFUS thalamotomy was 

successful, with tremor improvement at 3 months, no adverse effects, and radiological ap- 

pearance of the MRgFUS lesion similar to other patients undergoing this therapy. We also 

observed that the SRS-related T2-FLAIR hyperintensity had increased signal intensity 1 day 

post-MRgFUS, but appeared completely resolved 3 months post-MRgFUS. In conclusion, the 

case demonstrates that MRgFUS thalamotomy may effectively control tremor in patients 

with a history of SRS thalamotomy. We also speculate on the potential mechanisms of the 

apparent resolution of radiation-related change, and discuss possible applications of MRg- 

FUS to reduce persistent SRS-related inflammation. 
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Introduction 

When medically refractory, neurosurgical treatments for
tremor are considered. Minimally invasive options include
stereotactic radiosurgery (SRS) and magnetic resonance
guided focused ultrasound (MRgFUS), the latter being an
emerging technology with promising early results [1] . MRg-
FUS thalamotomy has many potential advantages relative to
SRS thalamotomy, including immediate feedback regarding
tremor reduction [1–3] . In contrast, there is no method for
monitoring SRS thalamotomy performance during the proce-
dure, with clinical effects generally taking months to evolve
[4] . SRS has also been associated with persistent perilesional
edema or inflammation in some patients [4–7] . 

We report on a patient who had previously undergone
SRS thalamotomy for tremor, which resulted in only limited
and transient improvement. Three years later, the patient
underwent MRgFUS thalamotomy, which was successful
in controlling tremor without adverse effects. We also ob-
served apparent MRgFUS-related resolution of SRS-induced
edema/inflammation of the thalamus. 

Case report 

In 2015, a 62-year-old right-handed man with debilitating
neuropathic tremor and chronic inflammatory demyelinat-
ing polyneuropathy underwent SRS thalamotomy at our cen-
ter. Chronic inflammatory demyelinating polyneuropathy was
diagnosed in 1996 and treated intermittently with monthly
courses of IVIg and methylprednisolone courses every 
6 weeks. He was also on thyroid replacement therapy. The
patient’s tremor was refractory to medications and disabling,
preventing employment. He also had a history of thrombo-
cytopenia and splenomegaly. Because transfusions did not
correct his platelet counts, only noninvasive methods of
tremor management were entertained. T2-weighted fluid at-
tenuated inversion recovery images (T2-FLAIR) acquired using
1.5 T magnetic resonance imaging (MRI; Siemens Magnetom
Aera, Erlangen, Germany) acquired approximately 1 year and 

8 months pre-SRS did not reveal any abnormal findings in the
thalamus ( Fig. 1 A). Similarly, T1-weighted images acquired at
3 T (General Electric Discovery 750, Waukesha, WI) approxi-
mately 1 month pre-SRS did not reveal any thalamic abnor-
malities ( Fig. 1 B). 

SRS left thalamotomy was performed on a LINAC (Novalis,
BrainLab, Germany) with a dose of 130 Gy. The ventral inter-
mediate nucleus (Vim) target was selected on MRI based on
the Schaltenbrand and Wahren brain atlas [8] relative to the
anterior and posterior commissure and internal capsule. Pre-
SRS, the patient had a clinical rating scale for tremor (CRST)
score of 67 [9] . His CRST score was 60 and 51 at 1 and 2 years
post-SRS, respectively, with no side effects observed. 

In 2018, the patient was enrolled in a study at our cen-
ter investigating MRgFUS thalamotomy for tremor. Written in-
formed consent was obtained. At this time, his CRST score was
66.5. The only change to his immunomodulating treatment in
the period preceding the MRgFUS thalamotomy was a small,
gradual decrease in IVIg dosage 1 month prior to focused ul-
trasound thalamotomy. MRI was performed pre-MRgFUS us-
ing 3 T and an aftermarket 32 channel receive-only head coil
(Nova Medical, Wilmington, MA), approximately 2 years and
11 months after the SRS. At this time, an irregular area of hy-
perintense signal, approximately 862 mm 

3 , was observed in
inferior-medial aspect of the thalamus on T2-FLAIR images
( Fig. 1 C). T1-weighted images showed corresponding signal
hypointensity ( Fig. 1 D). 

Three years after the SRS, the left Vim of the thalamus was
targeted for lesioning with high intensity transcranial focused
ultrasound (ExAblate 4000, InSightec, Haifa, Israel) guided by
MRI. The patient’s skull density ratio was 0.38 [10] . The initial
sonication target was 1 mm superior to the standard Vim tar-
get [1] . Adjustments to the target were made by the neurosur-
geon based on sensory percepts and tremor control associated
with the initial sonications. The procedure entailed a total of
21 sonications, with the peak temperature reaching 60.2 °C as
measured by MR thermometry. No adverse effects were seen. 

One day after MRgFUS thalamotomy, 3 T MR imaging was
repeated (note: no postcontrast imaging was performed). On
the T1-weighted image, we observed a small but typical-
appearing MRgFUS lesion at the expected location, with a
combined zone I and II [11,12] volume of 71 mm 

3 ( Fig. 1 E
and F). The MRgFUS lesion overlapped with the pre-MRgFUS
SRS-related hyperintense region by 29 mm 

3 . Medial to the tar-
get location, we observed an 8.5% increased signal enhance-
ment and an apparent expansion of the SRS-related T2-FLAIR
hyperintense region, although this expanded hyperintense
area was contiguous with zone III [11] of the MRgFUS lesion
( Fig. 1 B). Approximately 3 months post-MRgFUS, CRST and
3 T MR imaging was repeated. Total CRST score was reduced
to 39 (41% improvement) relative to the pre-MRgFUS evalua-
tion. The SRS-related T2-FLAIR hyperintensity was no longer
visible ( Fig. 1 G; signal intensity reduced by 28.0 % relative to
pre-MRgFUS T2-FLAIR). The T1-weighted image demonstrated
a small focus of hypointensity at the MRgFUS target, typical of
patients 3 months post-MRgFUS ( Fig. 1 H). 

We sought to understand the mechanism of the appar-
ent resolution of the persistent SRS-related inflammation.
We calculated the accumulated thermal dose (ATD) in cumu-
lative equivalent minutes at 43 °Celsius (CEM43) [13] in the
SRS-associated T2-FLAIR hyperintensity as it appeared pre-
MRgFUS, as well as in the MRgFUS-generated lesion as it ap-
peared 1 day post-MRgFUS. In the pre-MRgFUS SRS-associated
hyperintense area (excluding the 29 mm 

3 that overlapped
with the MRgFUS lesion), the average ATD was 7.4 CEM43.
In contrast, the MRgFUS lesion had an average ATD of 360.6
CEM43. 

Discussion 

To our knowledge, this is the first report of successful MRg-
FUS thalamotomy following SRS thalamotomy for tremor,
suggesting that patients with a history of SRS thalamotomy
can be safely and successfully treated with MRgFUS thala-
motomy. The SRS thalamotomy was associated with persis-
tent edema/inflammation, as observed on T2-FLAIR imaging
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Fig. 1 – MRI evidence of resolution of radiation related change post-MRgFUS. All images are presented in radiological 
orientation. (A) Pre-SRS T2-FLAIR and (B) T1-weighted MR images show no evidence of inflammation in the thalamus. 
(C) The pre-MRgFUS (post-SRS) T2-FLAIR image shows evidence of SRS-related hyperintensity (white arrow). (D) The 
pre-MRgFUS (post-SRS) T1-weighted image shows evidence of SRS-related hypointensity (white arrow). (E) One day 

post-MRgFUS, the T2-FLAIR image shows apparent enhancement of the SRS-related hyperintensity (white arrow), as well as 
a typical-appearing MRgFUS lesion (black arrow). (F) One day post-MRgFUS, the T1-weighted image shows apparent 
enhancement of the SRS-related hypointensity (white arrow), as well as a typical-appearing MRgFUS lesion (black arrow). 
(G) Three months post-MRgFUS, the T2-FLAIR image shows the SRS-related hyperintensity is resolved; a typical-appearing 
MRgFUS lesion remains (black arrow). (H) Three months post-MRgFUS, the T1-weighted image shows the SRS-related 

hypointensity is resolved; a typical-appearing MRgFUS lesion remains (black arrow). The hyperintense signal in the basal 
ganglia visible on the T1-weighted images is thought to be related to the patient’s history of cirrhosis. 



1236 R a d i o l o g y  C a s e  R e p o r t s  1 4  ( 2 0 1 9 )  1 2 3 3 – 1 2 3 6  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

approximately 3 years post-SRS. This persistent SRS-related
hyperintense signal appeared worsened 1-day post-MRgFUS
treatment, but resolved after 3 months such that the SRS-
related hyperintensities were no longer readily visible. The re-
duction in hyperintense signal/edema we observed appears
similar to cases in which radiation necrosis was treated with
laser interstitial thermal therapy [14] . 

It has been speculated that persistent SRS-related
edema/inflammation is related to permanent radiation
damage [15] and can be associated with clinical side effects
[4–7] , although this patient showed none. It has recently been
proposed that the immune-stimulating effects of high inten-
sity focused ultrasound could be combined with radiation
therapy (RT) for cancer in order to reduce RT-related inflam-
mation and associated side effects [16] . We hypothesize that
the thermal dose experienced by the MRgFUS target produced
an immune response that infiltrated and reactivated healing
of the neighboring SRS-associated hyperintense area. While
we cannot rule out an effect of the thermal dose experienced
by the SRS-associated hyperintense area itself, these values
were relatively low, suggesting the primary mechanism of
inflammation resolution was related to the much higher
thermal dose achieved in neighboring regions at the MRgFUS
target. 

While cautious interpretation is required, it is possible that
the case described here provides the first evidence in a hu-
man for the potential value of high intensity focused ultra-
sound in reducing radiation-related inflammation. Combining
high intensity focused ultrasound with RT may be a promising
approach for improving clinical outcomes for both oncology
treatment [16] and for patients with persistent adverse effects
after SRS. 
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