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Posteroventral pallidotomy has already been considered the surgical procedure of choice for Parkinson’s disease
patients with motor complications. Recently, however, several factors led to its replacement by deep brain
stimulation. Nevertheless, pallidotomy has a well-documented eﬃcacy and safety evidence regarding the
reduction of parkinsonian motor symptoms. Yet, there may be manysituations where it may be considered as a
better option than neuromodulation. Herein we review those possible conditions, giving emphasis to the costs,
which we found to be the most limiting factor. Importantly, a cost comparison between deep brain stimulation
and pallidotomy was also provided.

1. Introduction
Parkinson’s disease (PD) is the second most prevalent neurodegenerative disease and movement disorder, just after Alzheimer disease
and essential tremor, respectively. It is rare before the age of 50, but the
prevalence after 60 can range from 1 to 4% in the highest age groups
[1], being typically a disease of the elderly. In Brazil, the prevalence in
a community-based study was 3.3% above the age of 64 [2].
As such, Parkinson's disease brings a signiﬁcant burden to the
patient and their family [3,4]. Not only it causes a functional incapacity
due to the classical motor symptoms, the frequent falls, autonomic
disturbances and eventually dementia, but it is also responsible for the
low quality of life and increased mortality [5]. Despite the variety of
treatments available, none is capable of slowing the progression of the
disease, though there has been a considerable eﬀort in seeking
neuroprotective therapies [6].
1.1. History of pallidotomy
Surgical treatments for Parkinson's disease was ﬁrst described in
1939 when Bucy and Case excised part of the motor cortex aiming to
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treat the tremor associated with the illness [7]. After several attempts to
ﬁnd the best target, the corticospinal tract was switched by the globus
pallidus internus (GPi) and thalamus as the preferred targets to
ameliorate the symptoms of Parkinson's disease. It was realized that
lesions in the basal ganglia were capable of treating tremor and rigidity
without producing paralysis [8,9] leading to the development of the
chemopallidectomy by Cooper et al. in 1954 [10].
These surgeries, however, carried out a high mortality rate,
considering the unavailability of advanced imaging technology at the
time. After the great results with the introduction of L-dopa in the midsixties, surgery was rarely performed and it remained abandoned for
years [11,12].
The return of surgical therapy for Parkinson's disease came with the
observation that L-dopa treatment becomes less eﬀective over time,
along with side eﬀects such as dyskinesias and motor ﬂuctuations. Due
to the improvement of imaging technologies and stereotactic procedures in the late eighties, Laitinen et al. explored the work of Leksell
and colleagues concluding that lesions in the posteroventral segment of
GPi were eﬀective in improving the motor symptoms of PD [13]. The
signiﬁcant results obtained by Laitinen on improving parkinsonian
signs [14,15], led to the resurgence of surgical treatment of Parkinson's
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reduction in UPDRS-III score of 29,7% and 28,8% for ablation and
stimulation, respectively. Although there is no study directly comparing
unilateral STN-DBS implantation with unilateral PVP, the studies
comparing it with pallidal stimulation [26] or medical therapy alone
[25,27,39] have shown a reduction between 25% to 37% of UPDRS-III,
which is very similar to the average reduction following a PVP surgery.
The lack of safety when performed bilaterally [40–42], however,
makes pallidotomy less eﬃcient than bilateral DBS implantation of STN
or GPi. Another disadvantage of pallidotomy is the inability of
improving axial symptoms, such as gait instability and freezing. Not
to mention, many times it is impossible to taper or withdraw medications, as frequently achieved with STN-DBS. Conversely, the hallmark
of pallidotomy regarding the management of drugs is to allow the
increasing the levodopa dosage without causing side eﬀects, such as
dyskinesias [34,43,44].
Regarding the target for ablation, posteroventral pallidotomy
remains the preferred one. Ventral intermedius (VIM) thalamotomy,
while being the most used target in the past [12], has been abandoned
due to its almost unique eﬀect on improving tremor [35,45]. For this
reason, it has been used in very particular cases in which tremor is the
most predominant symptom, and bilateral DBS implantation is not
feasible.
The subthalamic nucleus, being the most used target for stimulation,
is no longer considered a target for ablative procedures [46]. Even
though it shows similar eﬃcacy and possible beneﬁts over pallidotomy
[47,48], there is a well-known chance of permanent hemiballism as a
consequence of the surgery. In this regard, Alvarez et al. demonstrated
in their series that 15% of the patients developed postoperative
hemichorea-ballism [49].
Concerning the procedure's safety, there is no study so far that
demonstrated a lower rate of surgical complications of pallidal or
subthalamic stimulation in comparison with pallidotomy [50]. Besides,
DBS implantation has exclusive complications related to the indwelling
material, such as lead fracture and infection, hardware-related complications by which may end in reoperation and device explantation. This,
in turn, results in additional costs and an increase in morbidity [51–53].
The most frequent complications after unilateral PVP are fatigue,
hypersomnia, speech disorders and dysphagia. Major complications are
unusual and include cerebral hemorrhage (4%), visual ﬁeld deﬁcits and
contralateral weakness [32,42,50]. Although the rate of adverse eﬀects
following the surgery may range between 20 and 22%, about half of
them are transient and improve after 1 year.
Additionally, in a review performed by Alkhani and Lozano, out of
1510 cases, the rate of major complications and mortality following the
procedure were 5,3% and 0,4%, respectively [32], which is acceptable
considering the beneﬁts of surgery. Hence, even if the side eﬀects of
pallidotomy may not be reversed as with DBS does, this fact does not
make the procedure unviable, since the majority of patients obtain
some beneﬁt from pallidotomy, meaning a signiﬁcant improvement in
their quality of life.
The ideal time to indicate a surgical therapy for PD remains highly
controversial [99,100]. When pallidotomy is concerned, the majority of
the studies, including all of those with a better level of evidence
[23,24,33], included only patients with advanced PD and a mean
duration of the disease of 10–15 years. That is reasonable, considering
that the beneﬁts of surgery are in great part related to the motor
complications of levodopa treatment. Still, Schuepbach et al. [101]
showed a beneﬁt of bilateral STN-DBS compared to best medical
treatment in 251 patients with mean duration of 7,5 years since the
beginning of symptoms. Therefore, despite the controversies that
remain regarding this subject, surgery may play a role in early-stage
Parkinson's disease.

disease, with posteroventral pallidotomy (PVP) as the procedure of
choice [11,12]. That scenario remained until 1996, with the description
of deep brain stimulation (DBS) for PD by Benabid et al. [16]. Since
then, the popularization of the DBS brought as a consequence a
diminishment of pallidotomy for the treatment of this condition.
1.2. Should the procedure be abandoned?
The abandoning of pallidotomy as a therapeutic option for
Parkinson's disease was already questioned by several authors
[17–22]. Firstly, its eﬃciency in the motor control of PD is classiﬁed
as level of evidence A (proven by class I studies) [23,24]. Secondly,
when performed unilaterally, posteroventral pallidotomy has the same
eﬃcacy of unilateral STN [17,25–27] and GPi [28,29] stimulation in
improving parkinsonian symptoms. Finally, DBS implantation is far
more expensive than pallidotomy [30] and has more selective inclusion
and exclusion criteria [31,95], meaning that the ﬁrst may be unavailable for some patients in developing countries, while the latest may not.
Posteroventral pallidotomy is, therefore, a historically established,
evidence-based eﬃcient procedure in improving motor symptoms of
Parkinson's disease, including the motor complications of L-dopa
treatment [17,23,32]. As discussed later, however, DBS has proven to
be better than pallidotomy, probably because of its reversibility and
safety to be performed bilaterally [33,34]. Still, when performed, DBS
are usually done bilaterally, in contrast to pallidotomy, typically
performed unilaterally. Plus, the surgeon may come across some
situations in which an ablative procedure can be the best therapeutic
option for the patient when considering its secondary conditions and
social context [21].
Here one discusses the main indications for pallidotomy over DBS,
along with situations in which lesion therapy might be regarded as the
ﬁrst option for the treatment of PD. Some of the topics that we point out
are HIV and immunocompromised patients, diﬃculty in maintaining
the follow-up after surgery, contraindications for general anesthesia,
major clinical comorbidities, and the costs involved in the whole
procedure. Doing so, we analyze and compare the costs between DBS
and pallidotomy, emphasizing how pallidotomy can be a cost-eﬀective
method, especially in sceneries where cost-reduction is mandatory.
2. Eﬃcacy and safety of pallidotomy vs. DBS
Although ablative procedures have been continuously replaced by
stimulation as the surgical treatment of the choice for Parkinson
disease, one must recognize that it is not due to a lack of eﬃciency
or safety of posteroventral pallidotomy. The ﬁrst randomized and
single-blinded studyto evaluate its eﬀectiveness on PD's motor symptoms, performed by de Bie et al. [23], compared a group of 18 patients
submitted to unilateral PVP with the best medical treatment, which
determined a reduction of 30,8% in “oﬀ” phase motor Uniﬁed
Parkinson's Disease Rating Scale (UPDRS-III) score and a signiﬁcant
improvement in levodopa-induced dyskinesia in a 6 months follow-up,
whereas the control group had a worsening of the symptoms.This result
was then reassured in another prospective study by Vitek et al. [24],
with a similar consequence of a 33,5% decrease in “oﬀ” UDPRS-III score
in 6-months, which remained at 25% after 2 years.
The symptoms that improved and remained better on a long-term
basis after pallidotomy were mainly dyskinesias and tremor, as
indicated in an review of long-term outcomes of surgical treatments
for Parkinson's disease [35]. After 5 years, mean tremor reduction
remained at 65%, while dyskinesias reduction persisted at 70–75%
[36,37]. In a 12 year follow-up study, this latest symptom was the one
that better sustained the improvement [35]. However, a less consistent
result was found for contralateral rigidity and bradykinesia, tending to
a gradual recurrence after 10 years [38].
When compared to unilateral GPi stimulation in a prospective
randomized study, pallidotomy was equally eﬀective [29], showing a
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3. Situation-speciﬁc advantages of pallidotomy

After the introduction of the highly active antiretroviral therapy
(HAART), the rise of life expectancy in HIV-infected patients has been
leading to an increase in the number of people with the concomitant
diagnosis of PD that can live through the whole course of the disease.
Reports of adverse eﬀects, such as dyskinesias, induced by the interaction of levodopa and antiretroviral drugs have also been published [54].
Thus, the number of patients requiring surgical treatment has been
increasing.
There is, however, doubt on which surgical technique may be the
most appropriate for those patients. Only a small number of case reports
were published on this subject [55–59], and although some patients
have already been submitted to DBS surgery with good results in mid to
long term, additional studies are demanding to compare the safety of
both methods in immunocompromised patients.
A case series reported by Hopper et al. described 4 cases by which
lesion was chosen over DBS implantation. Two of those patients were
HIV-infected with a low CD4 count, and there was a signiﬁcant clinical
improvement after surgery, which remained after a 12 months followup [57]. Since infection is considered to be the most frequent hardwarerelated complication of DBS surgery, with rates that might be as high as
15,2% [52,60], care must be taken with such vulnerable patients. For
this reason, pallidotomy remains as a good option, being even the ﬁrst
choice if the patient has a low CD4 count.

dysfunction [65,66]. Hence, patients with poor clinical control and that
cannot stand or do not wish to be submitted to a general anesthesia
procedure, which is necessary for battery and cables placement in DBS
surgery, a pallidotomy can be safely performed with local anesthesia.
Diabetes is a well-established risk factor for surgical infections and
is often of the neurosurgeon's concern considering that hardware
infection is the most common serious complication of DBS surgery,
frequently leading to the explantation of the device [60]. Bathia et al.
reported in his review that 84% of infected patients suﬀered comorbidities including diabetes, obesity, and smoking [67].
The studies about this subject, however, have not proven so far that
diabetes is an isolated risk factor for device infection [51–53,68–70].
No large prospective study concerning that has been done so far.
Therefore, diabetic patients can still be considered to be at risk for a
hardware infection, especially when other comorbidities are also
present, justifying the choice for PVP in diabetic patients, mainly when
not stable from the glycemia standpoint.
Even though it is not clear if isolated comorbidities could be
considered risk factors for complications after DBS implantation, the
overall clinical status of the patient has proven to impact the rate of
electrode revisions and removal. In a multiple database analysis
performed by Rolston et al. [102], it was observed that in a total of
28370 DBS procedures, 15,4% were for removal or revision of
previously implanted electrodes. Furthermore, it was found that a
higher ASA classiﬁcation, which indicates the surgical risk based on the
patient's clinical status, positively correlated with a chance of having an
electrode revision or removal surgery (OR 2.41; 95% CI: 1.22, 4.7).

3.2. Diﬃculty in maintaining the follow-up

3.4. Costs

The inability of the patient to continue an appropriate follow-up
after the surgery is a well-accepted indication to perform a lesion
procedure [17,18,20,22]. That is reasonable, considering that DBS
demands continuous care related to settings programming and battery
replacement. In order to do that, people technically capable of
performing such procedures, as well as reachable for the patients are
in demand.
In middle and low-income countries where Parkinson's disease
surgery is performed, it is restricted to few centers in the most
populated areas [61]. Knowing that Brazil is a country with a
continental dimension and many parts around the country do not have
a specialized functional neurosurgery center, it seems reasonable to
consider the dislocation costs of those who come from distant places
from where medical assistance is performed. In addition to this, as
previously mentioned, the lack of well-trained people to program and
manage DBS therapy creates diﬃculties in implementing any neuromodulation treatment for those areas. Hence, posteroventral pallidotomy remains a good surgical option for those patients.
However, there may be a paradigm shift in the reality of the followup for DBS implanted patient. With the advent of software that allows
us to make videoconferences and so on, it might be possible to reduce
the need for dislocation and face-to-face consultations with specialized
personnel [62–64]. Nonetheless, there is no way to predict how long
this will become a reality, especially in places where the public healthcare system lacks in funding and internal organization.

It is complex to calculate the economic values related to Parkinson's
disease. Most of the studies that focus on pharmacoeconomics do not
evaluate the costs of other comorbidities and are performed in tertiary
care centers. However, the ﬁnancial impacts of non-pharmacological
treatments are often neglected, resulting in limited studies. The overall
expenditure for diagnostic procedures and hospitalization are not
always available or are not evaluated along with other issues. It is
worth mentioning that it is very likely that there are diﬀerences
between diﬀerent cultures and countries around the world concerning
all types of costs, adding an extra diﬃculty in calculating costs in PD
[71,103,104].
Aiming to evaluate the economic impact of Parkinson's disease on
both healthcare provider and on individual basis, the costs can be
divided into direct (health care resource use and drugs) and indirect
(mortality costs, lost productivity and care replacement costs) [71].
When analyzing studies from six diﬀerent countries (Germany, Austria,
Portugal, Italy, Russia and Czech Republic), it is possible to observe that
all of them resulted in high costs of the illness, with mean values of the
total costs that ranged from €2620 (Russia) to €9820 (Austria) in a 6months period [72–76]. Although there is a wide variation in these
values, they all showed a direct relation between the severity of the
disease and the costs generated by it.
In Brazil, the only study to describe in greater detail the expenses
related to PD was conducted between 2003 and 2005 at two tertiary
centers (Brasilia and Belo Horizonte) and it evaluated transversely 144
patients [105]. In consonance with the other studies, there was a higher
cost of treatment in stages 3 and 4 Hoehn & Yahr (average expenditure
of $207.1 per patient per month), while the lower was observed in steps
1 and 2 (on average $130.7 per patient per month). After the addition
of pramipexole or entacapone to levodopa therapy, the monthly
expenditure increased signiﬁcantly ($ 224.4 and $277.9 respectively).
The higher price of these products was the reason for the abandonment
of treatment in 51% of patients with Parkinson's disease. The drugs
used alone or in combination, have been levodopa (87, 5%) followed by
amantadine (23.6%), pramipexole (20.8%) and non-antiparkinsonian
drugs such as tricyclic antidepressants (18.8%). Along with the direct

3.1. HIV and immunocompromised patients

3.3. General anesthesia and major comorbidities
The selection criteria for a patient to perform Parkinson surgery
must consider the presence and the degree of control of secondary
diseases such as systemic hypertension, diabetes, renal impairment and
other chronic comorbidities. Besides aﬀecting primarily the elders, who
are prone to have associated diseases, Parkinson's disease itself requires
particular attention by the anesthesiologist, because of the drug
interactions of levodopa treatment and related disturbances of the
disease, such as gastric stasis, autonomic instability and respiratory
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with the prices shown in Table 1, we determined the average costs of a
1% reduction in the score for each procedure (Table 3). In order to
obtain the maximum and minimum value for a 1% oﬀ-phase UPDRS-III
reduction by pallidotomy, the price of the material was divided by the
percentage of the reduction found in the studies in Table 2a after 12–24
months' follow-up. The studies were selected based on the criteria:
controlled clinical trial, prospective, randomized and blinded(single or
double) [23,24,34,92–94]. Thus, we obtained a cost range from $89 to
$110 (mean = $99,5) for 1% UPDRS-III decrease in oﬀ. In regard to
STN-DBS, as there were two possibilities of materials (rechargeable and
non-rechargeable), we found reasonable to include both as “STN-DBS”,
and applied the same method used for pallidotomy for each material,
with the percentage of motor symptoms reduction of the studies
displayed in Table 2b. Since the values overlap each other, the cost
range for a 1% reduction in oﬀ-phase UPDRS-III following STN-DBS was
$561 to $1185 (mean = $873).
Doing so, we found that posteroventral pallidotomy is about 8,7
times ($873 from DBS divided by $99,5 from PVP) cheaper than STNDBS on reducing the motor symptoms of PD. Therefore, despite the fact
that DBS therapy has shown greater eﬃcacy than PVP, this one also
improves the patient's quality of life, not only reducing the motor
symptoms but also improving the mood, functional and social disabilities generated by the disease, under lesser cost than DBS surgery
[78–80].
Although STN-DBS is also considered to be a cost-eﬀective procedure by several studies, most of them showed high initial costs, with
values around $29,000 dollars in the ﬁrst year [82–87]. Even though it
may pay itself in the future, especially by reducing medication doses,
patients who are not covered by private insurance or treated by a public
health care system may not be able to get access to the DBS therapy due
to the reasons mentioned above.

costs, the study pointed several impacts to the economic and familial
environment of the patients, including: retirement (72.9%) or momentary disconnection from the job (37,5%); moving to the house of
relatives (7,6%); home adaptations to support disability (11,8%), and
family members that temporarily left work to take care of the patient
(16%).
In a diﬀerent study, Findley et al. evaluated 428 patients in a
prospective cohort study performed in the UK, correlating the direct
costs of the disease with the Hoehn and Yahr scale (H & Y). Doing so,
they were able to show a signiﬁcant economic diﬀerence of mean
annual costs between the initial and advanced patient, which ranged
from to £2,971 (H & Y − 0 and I) to £18,358 (H & Y − V) (costs
obtained in 1998) [77]. These values do not include the ones related to
surgical procedures for PD, which can be considerably high.
Still, Green et al. analyzed the costs of bilateral and unilateral
pallidotomy and concluded that both procedures are cost-eﬀective [81].
Using the relationship between the H & Y stage of the patients and the
direct costs of the illness, as stated by Findley et al. [77], they estimated
the savings generated by reducing the severity of the disease and
concluded that it would need less than 6 years for the procedure to pay
itself. Moreover, in those patients with a higher H & Y scale, this time
could be even shorter (less than 4 years for H & Y-V).
Considering that no large study has been conducted directly
comparing the expenses of pallidotomy versus DBS for Parkinson's
disease, we try here to give an insight of the initial costs of both
procedures and correlate it with the impact of each procedure in the
reduction of the motor symptoms of the disease.
The surgical materials used in PD's surgery include those from
unilateral pallidotomy, unilateral and bilateral DBS (both rechargeable
and non-rechargeable) − Table 1. Considering all the costs, for each
bilateral rechargeable DBS implanted, it would be possible to buy
material for 12 unilateral pallidotomies. Many variables are considered
in this regard, such as the ones related to the healthcare professionals,
complementary exams, and hospitalization as if they were the same for
all of these procedures.
After comparing the improvement in the UPDRS-III score in oﬀ
(without medication) between unilateral PVP and bilateral STN-DBS

4. Discussion
An international survey done by Jourdain et al. [61] showed the
discrepancy between what is published by the few centers specialized in
Parkinson surgery from what is performed by the services worldwide.
The results demonstrated that, by the year of 2009, 63% of the
neurosurgeons still performed ablative procedures, even though only
7% of publications in that year were related to ablation techniques. It
was also revealed that the most common source of surgery ﬁnancing
was the public health system. That is especially signiﬁcant because they
usually demand productivity and aﬀordability from the procedures. Not
to mention, being Parkinson's disease a common and prevalent disease,
many countries are not able to ﬁnance their health care systems by
using neuromodulation therapies, such as DBS surgery.
The results of this survey are possibly the scientiﬁc representation of
concern already stated by Gross [17], De Long [18] and Hariz et al.
[22], that pallidotomy is no longer being taught in functional neurosurgery specialization centers, meaning that the technique will eventually fall into oblivion. That would be reasonable if deep brain
stimulation covered all the situations in which pallidotomy could be
used, although we do know that this hypothetical scenario does not
exist. Another possible consequence of the reduction of scientiﬁc
interest in ablative procedures is that, with the continuous improvements in imaging and electrophysiological monitoring, the procedure
itself could be improved.
Social factors also play a signiﬁcant role in treatment received by PD
patients. In a retrospective cohort study of 657,000 Medicare beneﬁciaries aﬀected by the disease, Willis et al. found that blacks, Asians
and those treated in minority-serving PD practices had signiﬁcantly
lower chances to receive a DBS treatment (blacks: AOR = 0.20, 95%
CI = 0.16–0.25/Asians: AOR 0.55, 95% CI 0.44–0.7/minority-serving
PD practices: AOR 0.76, 95% CI 0.66–0.87).
Inversely, patients living in a neighborhood with a high socioeconomic status (SES) index had a greater chance of receiving DBS

Table 1
Surgical material costs of unilateral pallidotomy, unilateral DBS implantation (rechargeable and nonrechargeable) and bilateral DBS implantation (rechargeable and nonrechargeable).*
Type of surgery

Total material
costs (US
Dollars)**

Materials included

Unilateral pallidotomy
Unilateral DBS implantation
(non-rechargeable)

$ 2,753 (R$
11,100)
$ 19,215 (R$
77,479)

Unilateral DBS implantation
(rechargeable)

$ 31,243
(R$ 125,979)

Bilateral DBS implantation
(non-rechargeable)

$ 29,711
(R$ 119,804)

Bilateral DBS implantation
(rechargeable)

$ 35,553
(R$ 143,359)

-Disposable DBS electrode kit
with implanter
-Nonrechargeable Generator
-Remote control
-Cables
-DBS electrode
-Rechargeable Generator
-Remote control
-Cables
-DBS electrode
-Recharge system
-Nonrechargeable Generator
-Remote control
-Cables
-DBS electrode
-Rechargeable Generator
-Remote control
-Cables
-DBS electrode
-Recharge system

* Data provided by Zeiki Medical company.
** Local currency (Brazilian Real) was converted to US dollars at a rate of 1R$: $0,248
in 2015, with rounded-up values.
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Table 2a
Randomized, single-blinded studies results of motor outcomes following unilateral posteroventral pallidotomy, measured by oﬀ phase UPDRS-III scale.
Author, year

Number of
patients

Baseline oﬀ phase mean
UPDRS III score

Oﬀ phase UPDRS III score in 6 months after
PVP (% of reduction)*

Oﬀ phase UPDRS III score (% of reduction)/years of
follow-up after PVP*

deBie et al. [23]
Vitek et al. [24]
Esselink et at. [34]

37
36
33

47
43,3
46,5

32,5 (30,8%)
28,7 (33,5%)
37 (20,4%)

no late follow-up
29,4 (25%) at 2 years*
32 (31,1%) at 1 year

* The percentage of reduction was calculated from a mean baseline value of 39,2 on the UPDRS III scale, recalculated according to the patients that remained in the follow-up period.
Table 2b
Randomized, single-blinded studies results of motor outcomes following bilateral STN-DBS, measured by oﬀ phase UPDRS III scale.
Author, year

Number of patients
(intervention group)

Baseline oﬀ phase mean
UPDRS III score

Oﬀ phase UPDRS III score in 6 months
after PVP (% of reduction)

Oﬀ phase UPDRS III score (% of reduction)/
months of follow-up after PVP

Anderson et al. [94]
Esselink et at. [34]
Follet et al. [92]
Odekerken et al. [93]

20
33
299
125

51
51,1
43
44,4

Not reported
26,5 (47%)
29,9 (30,4%)
Not reported

27 (47%) at 12 months
24 (53%) at 12 months
30,1 (30%) at 24 months
24,1 (45%) at 12 months

not as feasible for all the patients around the world. Diﬀerently, we
claim that we should try to adapt the type of surgical therapy to each
country or place's reality and not to abandon PVP only because it
represents a lesion and irreversible therapy. Instead, we should consider
the decision making based on individual cases without abandoning a
procedure with a real evidence level which is well established in
medical literature.

Table 3
Comparison of the eﬀectiveness of motor symptoms improvement and the surgical
material costs between unilateral PVP and bilateral STN-DBS.
Type of procedure

Mean reduction in the
oﬀ-UPDRS III score (%)
in 12–24 months

Cost range per 1% reduction in
the oﬀ-UPDRS III motor score
($) and mean value

Unilateral PVP
[23,24,34]
Bilateral STN-DBS
[34,92–94]

25–31%

$89–$110 ($99,5)

30–53%

$561–$1185 ($873)

5. Conclusion
DBS surgery is the surgical treatment of choice for Parkinson's
disease. However, pallidotomy should not be abandoned as a therapeutic option for advanced PD. It relies majorly on the fact that it is a
cost-eﬀective, eﬃcient and safe procedure that does not need a strict
follow-up as DBS surgery does. Additionally, posteroventral pallidotomy carries lesser risks when certain comorbidities are also present, in
comparison to DBS surgery. Altogether, we should still consider PVP as
an available option in selected cases of Parkinson's disease.

(AOR 1.42, 95% CI 1.33–1.53) [88]. Although the reasons for these
disparities could not be elucidated by the study, it is possible to
conclude that DBS is not available to all patients that could beneﬁt
from it.
The public healthcare system in Brazil, contrasting with highincome countries, does not ﬁnance DBS implantation; therefore, the
majority of our patients are limited to lesion therapy. When we
compare the price of the procedures versus the functional outcome
achieved, however, it is possible to realize that pallidotomy remains an
eﬃcient and safe therapeutic option. It is true not only for those
patients that cannot aﬀord health insurance or surgery but also for the
ones that are unsuitable to perform a DBS surgery, such as HIV and
immunocompromised patients, in the presence of major comorbidities,
and those who are not able to be followed up on.
Furthermore, over the last decade, novel therapies have emerged
using non-invasive stereotactic ablation of the basal ganglia, such as
focused ultrasound [89,90] and stereotactic radiosurgery [91]. This
modality of treatment is more established for essential tremor, with
prospective studies showing symptomatic improvement in both techniques [95,96]. For PD, however, better results are being reported for
focused ultrasound [97,98], with an additional safety of performing a
pre-lesioning of the targeted area before thethermal coagulation is
done, therefore reducing the risks of undesired side-eﬀects. Although
we have no clear data on the eﬀectiveness of this method, the results of
the on-going prospective studies may provide us the possibility of lifequality improvements similarly to open surgery techniques, but without
its inextricable morbidity. That been said, one question that arises is:
are the lesion therapies coming back? If so, why not indicate posteroventral pallidotomy anymore? If focused ultrasound and stereotactic
radiosurgery have been used, why do we not use pallidotomy, an
ablative procedure as the former ones? As previously mentioned,PVP is
eﬃcient, less time demanding than DBS surgery and less expensive.
It is important to mention that we are not saying that pallidotomy is
superior than DBS surgery, but instead it represents more costs and it is
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