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IN TRO DUC TION

Tremor is the most com mon move ment dis or der. More
than 5% of the pop u la tion over 65 years old com plain of
hand or head trem ors. Large am pli tude of per sis tent tremor 
raises many dif fi cul ties in daily ac tiv i ties, de creases work
ca pac ity, and wors ens men tal state which, in turn, sig nif i -
cantly re duces the qual ity of life of pa tients. Un for tu nately, 
med i ca tions are not ef fec tive enough, es pe cially for those
suf fer ing from es sen tial tremor. Over time, most pa tients
be gin de vel op ing such gru el ing symp toms as se vere and

wea ri some limb pain or head tremor. Sur gery is usu ally the 
only ef fec tive treat ment for these pa tients. The goal of the
sur gery is to “switch off” the ventralis intermedius nu cleus 
(VIM) lo cated within the thalamus via ab la tion or elec tri -
cal stim u la tion, thereby desynchronizing its ac tiv ity and
re stor ing the usual sup pres sion of the mo tor cor tex.

Un til now, deep brain stim u la tion (DBS) has been con -
sid ered the gold stan dard in man ag ing med i ca tion-re sis tant
es sen tial or Par kin son’s tremor. The ef fec tive ness of DBS is
70–89% in pa tients who can un dergo this pro ce dure [1].
Stereotactic neu ro sur gery aims to de stroy the VIM which is
an other ef fec tive in va sive method for tremor con trol. Sur -
gery is per formed by tem po rally im plant ing a radio fre quen -
cy (RF) elec trode and per form ing a brief elec tri cal stim u la -
tion to iden tify the in ter nal cap sule and ven tral posterolateral
nu cleus (VLP). Then thermo coagulation of the VIM is per -
formed. The ef fec tive ness of the RF ab la tion is 72–87% [2].
How ever, both meth ods are in va sive and carry pos si ble com -
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Sum mary. Back ground. The study aims to eval u ate the ef fi cacy of gamma knife
thalamotomy for the con trol of es sen tial tremor and Par kin son’s-re lated tremor when other
in va sive treat ment mo dal i ties are not rec om mended.

Ma te ri als and meth ods. From June 2019 to Jan u ary 2021, 27 pa tients with med i cally re -
sis tant es sen tial tremor and 20 pa tients with Par kin son’s dis ease (PD) un der went uni lat eral
gamma knife thalamotomy. The pa tients were treated with a mounted Leksell G frame with
mod i fied 4 mm shots aim ing to de liver 130–140 Gy to the ventralis intermedius nu cleus.
Post-sur gi cal eval u a tion was to be per formed 6 and 12 months af ter sur gery. How ever, due to 
state-im posed quar an tine re stric tions di rect eval u a tion was chal leng ing, hence post-sur gi cal
re sults were eval u ated via phone call.

Only 12 of 20 PD pa tients were reached via phone call, but 8 of them were eval u ated less
than 6 months af ter sur gery. As a re sult, the group of PD pa tients was ex cluded from the study.

Re sults. 23 pa tients from the es sen tial tremor group were as sessed via phone call. One
pa tient died from COVID-19-re lated pneu mo nia dur ing the fol low-up pe riod. Dur ing the
phone call, 16 (72%) of 22 pa tients re ported ma jor im prove ment in hand tremor or full tremor 
ar rest on the contralateral side of thalamotomy. Mean while, 6 (28%) pa tients did not feel any
im prove ment af ter the treat ment. Com pli ca tions were ob served in 4 (18%) pa tients – they re -
ported tran sient ataxia and hand move ment dyscoordination which re solved in few months.

Con clu sions. Gamma knife thalamotomy is safe and ef fec tive for es sen tial hand tremor
con trol. Main dis ad van tages in clude sev eral months of la tency pe riod and tran sient ataxia.
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pli ca tions, e.g., bleed ing (1–2%), in fec tion (4–5%), and ep i -
lepsy [3]. The ef fec tive ness of the sur gery is largely re lated to 
the neurophysiological iden ti fi ca tion of the VIM. Ad di tional
elec tri cal stim u la tion per formed dur ing sur gery helps stop
tremor, in duced paresthesias, and mus cle con trac tions that
al lows the neu ro sur geon to de ter mine the an a tom i cal po si -
tion of the elec trode. Many pa tients with Par kin son’s dis ease
(PD) or es sen tial tremor (ET) are al ready fac ing prob lems re -
lated to di min ished ac tiv i ties of daily life. This group of pa -
tients has many con com i tant dis eases, and the risk of us ing
in va sive treat ment meth ods is sig nif i cantly in creased.

Gamma knife thalamotomy (GKT) is one of the al ter -
na tive non-in va sive meth ods in cases of med i cal-re sis tant
tremor. The evo lu tion ary his tory of stereotactic radiosur -
gery (SRS) and func tional neu ro sur gery is very sim i lar. In
1951, Lars Leksell pre sented a con cep tu ally novel idea of
us ing pro tons and pho tons cross ing at the same point in
a non-in va sive tar get to treat deep brain le sions. The first
gamma knife was de vel oped in 1968 with the help of phys -
i cist Bjorn Larsson.

Un til 1978, radiosurgery was lim ited by low-res o lu tion 
im ag ing of intracranial struc tures. By that time, radiosur -
gery doses caus ing deep de struc tion of healthy tis sues
were iden ti fied via ex per i ments with an i mals. Doses were
re duced from 250 Gy to 100–150 Gy. Based on the clin i cal
data, lo cal ra dio log i cal changes were ob served al ready af -
ter 14 days. The clin i cal de struc tion ef fect emerged some -
times be tween 3 weeks and 12 months [4].

Neurophysiological in for ma tion ob tained dur ing elec tri -
cal stim u la tion us ing in di rect stereotactic tar get ing is lost
dur ing SRS, mak ing neuroradiological im ag ing of ut most
im por tance. Com puter to mog ra phy is used to track down
even the small est er rors in stereotactic head brain im ag ing;
how ever, mag netic res o nance im ag ing (MRI) re mains the
best way to vi su al ize the an a tom i cal brain struc tures. 1.5T
MRI ma chines are used to ob tain the most ac cu rate data with
the least de vi a tions caused by the mag netic field. This means 
that gamma knife thalamotomy can only be ap plied to pa -
tients who can safely un dergo MRI of the head. In di rect VIM 
tar get ing re quires both an te rior and pos te rior commissures
which means that mag netic res o nance im ages must have the
low est pos si ble iso tro pic spa tial res o lu tion (<1 mm).

Plan ning soft ware is used to mark the an te rior and pos -
te rior commissures. Based on the Shaltenbrand
stereotactic at las (Fig. 1), the 4 mm collimator sight is po si -
tioned 2.5 mm above the intercommissural line (ICL),
11 mm to the side of the third ven tri cle wall, and one fourth
of the ICL length +1 mm to wards the front of the pos te rior
commissure. The max i mum ra di a tion dose (130–140 Gy)
is then di rected to the VIM. To avoid any dam age to the in -
ter nal cap sule, the me dial side of the in ter nal cap sule can
be ad joined with the isodose line by 25%.

An other pos si ble tar get po si tion ing is based on an a -
tom i cal stud ies of the thalamus. Each ven tral nu clear group 
of the thalamus is lo cal ized us ing stan dard meth ods and the 
VIM is lo cal ized at a 45% dis tance from the an a tom i cal an -
te rior bor der of the thalamus in the hor i zon tal plane. The
VIM may also be lo cal ized an a tom i cally based on MRI
tractography, i.e., the an te rior of the VIM is re vealed by the 
in ter sec tion point of the in ter nal cap sule side and tr.
rubrothalamicus.

Gamma knife in Lith u a nia

The fifth gen er a tion ICON gamma knife was the first
gamma knife in the Bal tic states; it has been used in Kaunas 
Clin ics of the Lith u a nian Uni ver sity of Health Sci ences
since 2019. De spite the COVID-19 pan demic and “on and
off” quar an tine con di tions, a to tal of 700 stereotactic
radiosurgery op er a tions were per formed from 2019 to De -
cem ber 2020. The sur ger ies were mainly used to treat both
be nign and ma lig nant brain tu mors, vas cu lar dis eases
(AVM, cavernoma), trigeminal neu ral gia, clus ter head -
ache, and move ment dis or ders (es sen tial tremor, Par kin -
son’s dis ease).

In di ca tions for gamma knife thalamotomy

• Par kin son’s-re lated and med i ca tion-re sis tant hand
tremor

• Pa tients >75 years old
• Heavy comorbidities
• Con stant use of an ti co ag u lants
• The pa tient does not con sent to pos si ble in va sive

treat ment meth ods (deep brain stim u la tion, radio fre -
quen cy ab la tion)

 41

Gamma Knife Thalamotomy for Es sen tial and Par kin son’s Tremor

Fig. 1. Schaltenbrand stereotactic at las with marked VIM tar get



Con tra in di ca tions for gamma knife thalamotomy

• The pa tient can not un dergo brain MRI due to fer ro -
mag netic for eign bod ies

• The pa tient does not un der stand the goal and risks of
this treat ment method

• The pa tient does not con sent to the place ment of
stereotactic frame on his head

AIM OF THE STUDY

The study aims to eval u ate the ef fi cacy of gamma knife
thalamotomy in re duc ing es sen tial tremor and Par kin -
son’s-re lated tremor when other in va sive ther a pies are not
rec om mended.

METH ODS AND PAR TIC I PANTS

In to tal, 27 pa tients with es sen tial tremor and 20 pa tients
with Par kin son’s-re lated tremor who un der went uni lat eral
ventralis intermedius nu cleus thalamotomy were in cluded
in the study. Se ver ity of tremor was eval u ated us ing Fahn-
 Tolosa-Mar tin tremor rat ing scale prior to sur gi cal treat -
ment. Post-sur gi cal eval u a tion was to be per formed 6 and
12 months af ter radiosurgery. How ever, due to state- im -
posed quar an tine re stric tions, di rect eval u a tion was chal -
leng ing, hence post-sur gi cal re sults were eval u ated via
phone call.

Eigh teen fe male and nine male pa tients with es sen tial
tremor were in cluded in the study. The old est pa tient in the
group was 91 years old, the youn gest 60 years old. Mean

age in the es sen tial tremor group was 76.1 years (SD=6.1).
12 fe male and 8 male pa tients with Par kin son’s dis ease
were en rolled in the study with mean age of 73.5 years
(SD=7.8).

Twelve of 20 PD pa tients were reached via phone call,
but 8 of them were eval u ated less than 6 months af ter sur -
gery. It was de cided to con duct anal y sis of the treat ment re -
sults af ter 6 months.

All pa tients un der went pre op er a tive stereotactic MRI
(1,5T Siemens Avanto) with Leksell G frame which was
po si tioned in the stan dard man ner and un der lo cal an es the -
sia. Im ages were trans ferred to the Gamma Plan 11.1 plan -
ning pro gram which was used to plan thalamotomy tar get
points as de scribed in the in tro duc tion (Fig. 2).

Du ra tion of gamma knife thalamotomy is usu ally
70–80 min utes. Af ter treat ment, the frame is re moved and
the next day the pa tient is dis charged home for am bu la tory
care.

RE SULTS

Main fac tors that in flu enced the de ci sion to per form
gamma knife thalamotomy: old age (>70 years) 23 (85%),
ad vanced comorbidities 16 (60%), an ti co ag u lant treat ment 
18 (67%), and med i cal un fit ness or re luc tance to un dergo
deep brain stim u la tion or radio fre quen cy thalamotomy.

All pa tients were in formed about pos si ble risks, treat -
ment ef fi cacy, and al ter na tive treat ment op tions and
signed pa tient con sent forms.

Se ver ity of tremor was eval u ated us ing Fahn- Tlosa-
 Mar tin tremor rat ing scale prior to sur gi cal treat ment.
Mean tremor se ver ity was 3.7 (SD=0.2), whereas mean
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Fig. 2. VIM tar get lay out in Gamma Plan pro gram



eval u a tion of hand writ ing was 2.9 (SD=0.1). As it was
men tioned in the method sec tion, post op er a tive fol low-up
was chal leng ing due to the COVID-19 ep i demic and re cur -
rent quar an tine re stric tions in Lith u a nia. As a re sult, treat -
ment ef fi cacy was eval u ated via phone call. The sur vey
was con ducted 4–18 months af ter the treat ment. 23 of
27 pa tients were as sessed via phone call. One fe male pa -
tient died due to COVID-19 in fec tion dur ing the fol low-up
pe riod. 16 (72%) of 22 pa tients stated that they ex pe ri -
enced sig nif i cant or com plete tremor re duc tion on the
contralateral side of VIM thalamotomy. Re main ing 6 pa -
tients ex pe ri enced no sig nif i cant change in tremor am pli -
tude. 4 of 22 pa tients de clared of im paired co or di na tion
and tran sient hand clum si ness which re solved in few
months. Dur ing post-sur gi cal con sul ta tion, 4 pa tients un -
der went brain MRI for thalamotomy tar get vi su al iza tion
(Fig. 3).

RE SULT OVER VIEW

The es ti mated re sults of our study on tremor re duc tion af -
ter gamma knife thalamotomy are in line with pub lished
re sults of other gamma knife cen tres. It might be as sumed
that ef fi cacy rate would have been 10% higher if all pa -
tients un der went post op er a tive eval u a tion af ter 12 months. 
This as sump tion is plau si ble given that 10 (83.3%) of
12 pa tients who were treated for more than 12 months felt a 
sig nif i cant or com plete tremor re duc tion. Com pared with
the re sults of other cen tres, the com pli ca tion rate was mod -
er ate and com pli ca tions were mainly tran sient (4 (18%)).
Re sults from dif fer ent treat ment cen tres with the larg est
sam ple sizes are dis played in the Ta ble.

There are three main ad van tages of gamma knife
thalamotomy. Firstly, this non-in va sive method is suit able
for pa tients with a high risk for sur gi cal in ter ven tions. This
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Fig. 3. Brain MRI be fore and af ter gamma knife thalamotomy.

Con trast me dia ac cu mu la tion zones rep re sent stereotactic co or di nates of gamma knife shots

Ta ble. Re sults from stud ies with the larg est sam ple sizes that an a lyzed tremor re duc tion in PD and ET pa tients af ter gamma
knife sur gery

Au thor Par tic i pants, n Fol low-up pe riod, mth Rat ing scales Im prove ment Com pli ca tions, n

Young [6] 154 52.3 UPDRS 92%, 88% af ter
4 years

1 ataxia
1 mild pa re sis
1 hand paresthesia

Kooshkabadi [7] 86 23 FTM 82% 1 pa re sis
1 dysphagia
2 ataxia

Ohye [8] 72 24 UPDRS 81% –

Young [9] 214 44 FTM 81% 10 mo tor def i cit
5 hypoesthesia

Niranjan [10] 73 28 FTM 93% –

UPDRS – Uni fied Par kin son’s dis ease rat ing scale; FTM – Fahn-Tolosa-Marin clin i cal tremor rat ing scale



in cludes older pa tients un der an ti co ag u lant treat ment or
pa tients with se vere comorbidities. Sec ondly, DBS im -
plan ta tion re quires fre quent fol low-up vis its, pa ram e ter
op ti mi sa tion, and re place ment of stimulator bat tery. Also,
kin es thetic thalamic cells are sup pressed within 50%
isodose vol ume even though apoptosis is not ob served; this 
may re sult in a safe and long-term antitremor ef fect [5].

Al though there is suf fi cient ev i dence that gamma knife
thalamotomy is a safe and ef fec tive treat ment method for
re duc ing tremor in med i ca tion-re sis tant PD and ET, there
are doubts con cern ing the choice of treat ment method.
Main dis ad van tages in com par i son with other sur gi cal
meth ods are com pli cated neurophysiological VIM ver i fi -
ca tion, the abil ity to ob serve clin i cal im prove ment only af -
ter 1 to 4 months, and a dif fer ent vol ume of the de struc tion
tar get.

Un for tu nately, no clin i cal ef fect is at tained in some pa -
tients who have un der gone gamma knife thalamotomy.
Rea sons for this are poorly es ti mated VIM stereotactic co -
or di nates and, there fore, a wrongly planned shot, fail ure to
tar get VIM due to im ag ing and stereotactic frame er rors,
and phys i o log i cal re sis tance to Gamma-rays. 2–8% of pa -
tients ex pe ri ence an in suf fi cient or hy per-re sponse to
gamma knife treat ment [5]. One 77-year-old fe male pa -
tient in cluded in our study ex pe ri enced no ef fect af ter
thalamotomy. There fore, brain MRI was per formed
12 months af ter the gamma knife thalamotomy. Fig. 4
shows an in suf fi ciently de vel oped thalamotomy le sion.

CON CLU SIONS

Gamma knife thalamotomy is a safe and ef fec tive means
for med i ca tion-re sis tant es sen tial hand tremor con trol.
Main dis ad van tages in clude sev eral months of la tency pe -
riod and tran sient ataxia.

AC KNOWL EDG MENT

The pro ject is im ple mented in ac cor dance with na tional
sci ence pro gram “Healthy Ag ing” (Pro ject No.
S-SEN-20-15) with the per mis sion of Re search Coun cil of
Lith u a nia (LMTLT).
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Fig. 4. Brain MRI im age which shows hyperintense le sion in
VIM zone due to in suf fi cient re sponse to 130 Gy dose
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GAMA PEILIO TALAMOTOMIJA ESENCIALINIAM
IR PARKINSONO TREMORUI GYDYTI

Santrauka

Tiks las. Ty ri mo tiks las áver tin ti ga ma pei lio ta la mo to mi jos efek -
ty vu mà, stab dant tre mo rà ser gan tie siems Par kin so no li ga (PL) ir
esen cia li niu tre mo ru, kai ki ti in va zi niai gy dy mo me to dai ne re ko -
men duo ti ni.

Ti ria mie ji ir ty ri mo me to dai. Nuo 2019 m. bir þe lio iki
2021 m. sau sio dël esen cia li nio tre mo ro ir PL sà ly go to tre mo ro
ati tin ka mai at lik ta 27 ir 20 vien pu siø ga ma pei lio ta la mo to mi jø.
Nau do jant Lek sell G ste re o tak si ná rë mà, pa gal stan dar ti zuo tà
me to di kà, nau do jant 4 mm dia met ro ko li ma to riaus ðû vá, á
n.ventralis intermedius (VIM) zo nà pa skir ta 130–140 Gy do zë.

Ty ri me po ope ra ci nis ver ti ni mas pla nuo tas at lik ti pra ëjus 6 ir
12 më ne siø po tai ky to gy dy mo. Ta èiau dël be si kar to jan èio ka ran -
ti no dël COVID-19 bu vo ap sun kin tas li go niø kon tak ti nis ver ti ni -
mas, to dël re zul ta tai ver tin ti te le fo ni nës ap klau sos me tu. Ið 20 li -

go niø, ser gan èiø PL, pa vy ko su si siek ti tik su 12, ið ku riø að tuo -
niems gy dy mas bu vo tai ky tas ma þiau nei prieð 6 më ne sius. Nu -
spræs ta PL gru pës li go niø gy dy mo re zul ta tø ana li zæ at lik ti po
6 më ne siø.

Re zul ta tai. Ið 27 ser gan èiø jø esen cia li niu tre mo ru te le fo nu
pa kal bin ti pa vy ko 23 li go nius. Vie na li go në per ste bë ji mo lai ko -
tar pá mi rë nuo COVID-19 in fek ci jos. Ið ap klaus tø 22 li go niø
16 (72 %) tei gë, kad jau èia þy mø tre mo ro ran ko je su ma þë ji mà ar
vi sið kà jo ið ny ki mà prie ðin go je, nei at lik ta VIM ta la mo to mi ja,
pu së je. Li kæ 6 li go niai (28 %) tai ky to gy dy mo efek to iki ðiol ne -
jau èia. Ið 22 li go niø 4 (18 %) tei gë, kad ku rá lai kà bu vo su tri ku si
ko or di na ci ja ir var gi no lai ki nas ran kos ne vik ru mas, ku ris pra ëjo
per ke lis më ne sius.

Ið va dos. Ga ma pei lio ta la mo to mi ja yra sau gi ir efek ty vi esen -
cia li nio ran kø tre mo ro ma þi ni mo prie mo në. Pa grin di niai ðio gy -
dy mo trû ku mai yra ke lis ar ke lio li ka më ne siø trun kan tis la ten ci -
nis pe ri odas iki pa ste bi mo kli ni ki nio efek to ir lai ki na atak si ja.

Rak ta þo dþiai: ga ma pei lis, esen cia li nis tre mo ras, Par kin so -
no li ga, ta la mo to mi ja.

Gauta: Priimta spaudai:
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Gamma Knife Thalamotomy for Es sen tial and Par kin son’s Tremor


