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Abstract
Deep brain stimulation (DBS) is regarded as a feasible Parkinson's disease treatment option (PD). DBS is most commonly performed on the subthalamic nucleus (STN) and globus pallidus (GPi). The following criteria were used to select studies that examined the Unified PD Rating Scale (UPDRS) III: (1) had at least three months of follow-up; (2) compared both GPi and STN DBS; (3) each group included at least five individuals; (4) were completed after 2010. The majority of studies found no statistically significant difference in UPDRS score improvements between groups. Although there were some encouraging findings in terms of action tremor, rigidity, and urinary symptoms, indicating that STN DBS would be a better alternative, GPi appeared to be better in terms of side effects; nonetheless, it cannot be said that it is superior. Other larger randomized clinical trials with longer follow-up periods and control groups are required to determine which target is more effective for stimulation and has fewer negative side effects on patients.
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PD is the most common mobility condition, as well as the second most common progressive, debilitating, and neurodegenerative disease, with 12.9 million cases projected by 2040 [1-4]. Slow motions, rigidity, and low amplitude movements without antecedent automaticity characterize Parkinson's disease. In 1911, the dopamine precursor levodopa was developed for the first time[5]. It has been used as an effective PD treatment for more than 50 years, although its efficacy has been demonstrated to decrease as the disease advances [6, 7]. The DBS technique was first used in 1987 to treat movement disorders by targeting the ventral intermediate nucleus of the thalamus [8, 9]. DBS is a frequent and effective surgical treatment for motor symptom relief. It was first used roughly three decades ago and is now used on a variety of new brain targets, including the STN and GPi [10-12]. According to studies, the efficacy of these two targets is varied. It has been suggested that in PD, there is chronic beta-band oscillation coordination, and short-term bursts of these oscillations demonstrate normal sensory and motor processing. In Parkinson's disease, DBS can shorten bursts and enhance movement [13].
Embase, Cochrane Library, and PubMed databases were searched for potentially relevant English-language papers published between 2010 and 2021. We looked for studies that included both the targets (GPi and STN) as well as their associated characteristics. Deep brain stimulation (DBS) [MeSH term] or a combination of the following keywords: Controlled Clinical Trial [Publication Category], Randomized Controlled Trial [Publication Category], Globus Pallidus internus [MeSH term],Globus Pallidus [MeSH term], GPi [MeSH term], STN [MeSH term], and Parkinson's disease [MeSH term].
We included clinical studies that (1) evaluated the unified PD rating scale (UPDRS) III before and after deep brain stimulation; (2) compared GPi-DBS and STN-DBS for PD; (3) recruited more than five subjects in the GPi and STN groups; (4) had a description of adverse events; (5) had a follow-up period of more than three months; (6) were available in English full text. The main characteristics of the studies are shown in table 1.

Table 1  Main characteristics of studies

	
	reference
	target
	age
	Sample size
	UPDRS on-period- baseline
	UPDRS off-period- baseline
	Follow up period

	Location

	1
	Odekerken [14]
	GPi
STN
	59·1± 7.8
60.9± 7.6
	62
63
	16±8
17±9.9
	43.8±13.5
44.4±15.5
	12 
	Europe

	2
	Troche [15]
	GPi
STN
	64.26±8.79
66.5±7.02
	19
14
	23.13±6.73
23.43±10.64
	39.89±11.06
35.93±8.98
	6 
	Asia

	3
	Odekerken [16]
	GPi
STN
	59.1±7.8
60.9±7.6
	43
47
	NA
	43
41
	36
	Europe

	4
	Gong [17]
	GPi
STN
	63.2±9.1
62.3±10.4
	28
36
	26.2±7.5
29.0±10.0
	NA
	4 
	Asia

	5
	Fan [18]
	GPi
STN
	60.43±8.44
59.65±9.11
	23
20
	NA
	50.68±15.36
47.85±14.95
	18.26±8.38 and 
21.60±8.79

	Asia

	6
	Celiker [20]
	GPi
STN
	54±4.51
56.16±9.6
	6
6
	22.50±6.65
22.16±6.55
	49.00±13.57
47.00±14.01
	24 
	Asia

	7
	Okun [21]
	GPi
STN
	60.1±5.5
58.0±10.7
	14
16
	20.8±8.68
21.3±7.56
	40.5±11.2
41.2±9.32
	12 

	USA

	8
	Wong [19]
	GPi
STN
	63±8.12
61±10.33
	31
57
	NA
	47.32±11.79
44.12±10.45
	12 
	USA


Note: Data presented as Mean±SD

Odekerken et al. found that the GPi group had a lower change in UPDRS score during the off-drug phase than the STN group, and the GPi group had less dyskinesia during the on-drug period than the STN group. The reduction in time was similar in both phases, however, it was only significant in the off-phase (p = 0.02) [14]. Troche et al. found that both groups' UPDRS scores improved significantly in the off-medication state before and after surgery (p 0.001) [15]. Odekerken et al. found that the STN group showed larger improvements in the off-drug phase UPDRS-ME score after three years (p = 0.04), whereas there were no between-group differences in the on-drug phase [16]. Gong et al. found that four months after DBS, all patients had a 30% improvement in UPDRS score in the off-period, and pain symptoms improved at 7927 percent and 75 percent 27 percent in the STN and GPi groups, respectively [17]. In the drug off-phase, Fan et al. found that the mean improvement of UPDRS in the STN and GPi groups was 41.50 percent and 43.56 percent, respectively, with no significant difference between the groups (p = 0.609). GPi DBS also demonstrated anti-dyskinesia effects directly [18]. When compared to GPi DBS, Wong et al. found that STN DBS was associated with a statistically significant decrease in bradykinesia and rigidity at six months (p 0.001 and p = 0.025, respectively). In terms of tremor results, however, there was no significant difference between groups. [19]. Celiker et al. found that on-phase UPDRS motor scores decreased considerably in both the STN and GPi groups (p 0.05) and that STN DBS improved bladder symptoms better. Furthermore, both groups experienced reduced sleep issues following surgery [20]. Okun and colleagues looked at the effects of unilateral and staged bilateral STN and GPI DBS. They discovered that off-phase UPDRS motor scores improved considerably after four and twelve months of follow-up in both unilateral and staged bilateral modes [20]. In terms of adverse events, Odekerken et al. found no statistically significant difference between groups (p > 0.05) [14]. According to Troche et al., mean penetration-aspiration (PA) ratings did not change substantially for individuals who got GPi surgery (p = 0.857), but significantly worsened for those who received STN DBS (p = 0.007), indicating that STN DBS has a negative impact on swallowing performance. Unilateral GPi DBS, on the other hand, does not have this negative effect [15]. In the study by Fan et al., 50% of patients in the STN group showed dyskinesia caused by stimulation. The direct anti-dyskinesia effect of STN DBS was also observed in eleven of these patients [18]. Okun et al. found relatively minor effects on mood and apathy that were not significant [21]. Odekerken et al. revealed no significant differences in adverse events between the two groups in another trial; only mild incidents were noted [16]. The most prevalent adverse events, according to Wong et al., were difficulties with DBS lead hardware and bleeding, both of which were small and quickly treated [19].
In terms of adverse events, Odekerken et al. found no statistically significant difference between groups (p>0.05) [14]. According to Troche et al., mean penetration-aspiration (PA) scores did not change substantially for participants who got GPi surgery (p =0.857) but significantly worsened for those who received STN DBS (p =.007), indicating that STN DBS has a negative influence on swallowing performance. Unilateral GPi DBS, on the other hand, does not have this negative effect [15]. In the study by Fan et al., 50% of patients in the STN group showed dyskinesia caused by stimulation. The direct anti-dyskinesia effect of STN DBS was also observed in eleven of these patients [18]. Okun et al. found relatively minor effects on mood and apathy that were not significant [21]. Odekerken et al. revealed no significant differences in adverse events between the two groups in another trial; only mild incidents were noted [16]. The most prevalent adverse events, according to Wong et al., were difficulties with DBS lead hardware and bleeding, both of which were small and quickly treated [22]. The results of this study should be viewed with caution. STN-DBS and GPi-DBS are also potential stimulation sites, but this has not been confirmed. STN, on the other hand, had better results in terms of urinary symptoms, discomfort, dyskinesia, and action tremor.

Conclusion

Although STN was superior in terms of alleviating action tremor and GPi was linked to less adverse events, neither goal could be proven to be superior. To determine which target is clearly preferable, further clinical trials with large sample sizes, longer follow-up periods, and more specific outcome assessments are required.
5


DECLARATION
Acknowledgments
The author would like to express his gratitude to the Clinical Research Development Unit of Imam Khomeini Hospital, Urmia University of Medical Sciences, for English editing, especially Dr. Nazila Farrokh Eslamloo.
Authors’ contributions
The author contributed solely to the article
Availability of data and materials 
Not applicable
Financial support and sponsorship
None
Conflicts of interest
Single author - None
Ethical approval and consent to participate
Not applicable.

References
	1. Blauwendraat C, Nalls MA, & Singleton AB. The genetic architecture of Parkinson's disease. Lancet Neurol., 2020, 19(2): 170-178.
https://doi.org/10.1016/S1474-4422(19)30287-X

	 

	2. Raza C, Anjum R. Parkinson's disease: Mechanisms, translational models and management strategies. Life Sci., 2019, 226: 77-90.
https://doi.org/10.1016/j.lfs.2019.03.057
	

	 

	3. Tysnes O-B, Storstein A. Epidemiology of Parkinson's disease. Journal of neural transmission, 2017, 124(8): 901-905.
https://doi.org/10.1007/s00702-017-1686-y
	

	 

	4. Poly TN, Islam MMR, Yang H-C, & Li Y-CJ. Non-steroidal anti-inflammatory drugs and risk of Parkinson's disease in the elderly population: a meta-analysis. Eur J Clin Pharmacol, 2019, 75(1): 99-108.
https://doi.org/10.1007/s00228-018-2561-y
	

	 

	5. Tambasco N, Romoli M, & Calabresi P. Levodopa in Parkinson's Disease: Current Status and Future Developments. Curr Neuropharmacol, 2018, 16(8): 1239-1252.
https://doi.org/10.2174/1570159X15666170510143821
	

	 

	6. de Bie RM, Clarke CE, Espay AJ, Fox SH, & Lang AE. Initiation of pharmacological therapy in Parkinson's disease: when, why, and how. Lancet Neurol, 2020, 19(5): 452-461.
https://doi.org/10.1016/S1474-4422(20)30036-3
	

	 

	7. Cushnie-Sparrow D, Adams S, Abeyesekera A, Pieterman M, Gilmore G, & Jog M. Voice quality severity and responsiveness to levodopa in Parkinson's disease. J Commun, 2018, 76: 1-10.
https://doi.org/10.1016/j.jcomdis.2018.07.003
	

	 

	8. Chen J-F, Cunha RA. The belated US FDA approval of the adenosine A 2A receptor antagonist istradefylline for treatment of Parkinson's disease. Purinergic Signal, 2020: 1-8.
https://doi.org/10.1007/s11302-020-09694-2
	

	 

	9. Pollak P, Krack P, Fraix V, Mendes A, Moro E, Chabardes S, et al. Intraoperative micro‐and macrostimulation of the subthalamic nucleus in Parkinson's disease. Mov Disord, 2002, 17(S3): S155-S161.
https://doi.org/10.1002/mds.10158
	

	 

	10. Cernera S, Eisinger RS, Wong JK, Ho KWD, Lopes JL, To K, et al. Long-term Parkinson's disease quality of life after staged DBS: STN vs GPi and first vs second lead. NPJ Parkinsons Dis, 2020, 6(1): 1-10.
https://doi.org/10.1038/s41531-020-0115-3
	

	 

	11. Wang J, Ponce FA, Tao J, Yu Hm, Liu Jy, Wang Yj, et al. Comparison of awake and asleep deep brain stimulation for Parkinson's disease: a detailed analysis through literature review. Neuromodulation, 2020, 23(4): 444-450.
https://doi.org/10.1111/ner.13061
	

	 

	12. Pillon B, Ardouin C, Damier P, Krack P, Houeto J-L, Klinger H, et al. Neuropsychological changes between "off" and "on" STN or GPi stimulation in Parkinson's disease. Neurology, 2000, 55(3): 411-418.
https://doi.org/10.1212/WNL.55.3.411
	

	 

	13. Petrucci MN, Anderson RW, O'Day JJ, Kehnemouyi YM, Herron JA, & Bronte-Stewart HM. A closed-loop deep brain stimulation approach for mitigating burst durations in people with Parkinson's disease. Annu Int Conf IEEE Eng Med Biol Soc. 2020.
https://doi.org/10.1109/EMBC44109.2020.9176196
	

	 

	14. Odekerken VJ, van Laar T, Staal MJ, Mosch A, Hoffmann CF, Nijssen PC, et al. Subthalamic nucleus versus globus pallidus bilateral deep brain stimulation for advanced Parkinson's disease (NSTAPS study): a randomised controlled trial. Lancet Neurol, 2013, 12(1): 37-44.
https://doi.org/10.1016/S1474-4422(12)70264-8
	

	 

	15. Troche MS, Brandimore AE, Foote KD, Morishita T, Chen D, Hegland KW, et al. Swallowing outcomes following unilateral STN vs. GPi surgery: a retrospective analysis. Dysphagia, 2014, 29(4): 425-431.
https://doi.org/10.1007/s00455-014-9522-0
	

	 

	16. Odekerken VJ, Boel JA, Schmand BA, de Haan RJ, Figee M, van den Munckhof P, et al. GPi vs STN deep brain stimulation for Parkinson disease: three-year follow-up. Neurology, 2016, 86(8): 755-761.
https://doi.org/10.1212/WNL.0000000000002401
	

	 

	17. Gong S, Xu M, Tao Y, Jin H, Liu Y, Sun X, et al. Comparison of Subthalamic Nucleus and Globus Pallidus Internus Deep Brain Stimulation Surgery on Parkinson Disease-Related Pain. World Neurosurg, 2020, 135: e94-e99.
https://doi.org/10.1016/j.wneu.2019.11.026
	

	 

	18. Fan SY, Wang KL, Hu W, Eisinger RS, Han A, Han CL, et al. Pallidal versus subthalamic nucleus deep brain stimulation for levodopa‐induced dyskinesia. Ann Clin Transl Neurol, 2020, 7(1): 59-68.
https://doi.org/10.1002/acn3.50961
	

	 

	19. Wong JK, Viswanathan VT, Nozile-Firth KS, Eisinger RS, Leone EL, Desai AM, et al. STN Versus GPi Deep Brain Stimulation for Action and Rest Tremor in Parkinson's Disease. Front Hum Neurosci, 2020, 14: 463.
https://doi.org/10.3389/fnhum.2020.578615
	

	 

	20. Celiker O, Demir G, Kocaoglu M, Altug F, & Acar Fd. Comparison of subthalamic nucleus vs. globus pallidus interna deep brain stimulation in terms of gait and balance; A two year follow-up study. Turk Neurosurg, 2019, 29(3): 355-361.
https://doi.org/10.5137/1019-5149.JTN.22614-18.3
	

	 

	21. Okun MS, Wu SS, Fayad S, Ward H, Bowers D, Rosado C, et al. Acute and chronic mood and apathy outcomes from a randomized study of unilateral STN and GPi DBS. PLoS One, 2014, 9(12): e114140.
https://doi.org/10.1371/journal.pone.0114140
	

	 

	22. Wong JK, Viswanathan VT, Nozile-Firth KS, Eisinger RS, Leone EL, Desai AM, et al. STN versus GPi deep brain stimulation for action and rest tremor in Parkinson's disease. Front Hum Neurosci, 2020: 463.
https://doi.org/10.3389/fnhum.2020.578615
	



