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Mouth

* Pooling of saliva

* Problems with movements needed
to brush teeth

* Jaw tremors

Salivary Glands

 Reduced saliva production

* Low swallowing frequency
causes drooling

Pharynx
Oesophagus . _ * Oropharyngeal dysphagia
* Slow transit * Airtrapping increases risk of aspiration
* Segmental spasm ¢ Aperistalsis
* Spontaneous * Gastro-oesophageal
) ) Stomach
contractions influx ) . :
* Impaired gastric emptying:
x - * Nausea
Small intestine - Bloatine
* Dilatation * Early satiety
* Weight loss
Colon
* Colonic dysmotility * Volvulus Rectum
* Constipation * Bowel perforation

* Megacolon difficulty with defecation

Pfeiffer RF. (2003) Lancet Neurol, 107-116.

HUS

* Anorectal dysfunction leads to



Pre-motor/prodromal period

Parkinson’s disease diagnosis

Early Advanced/late
2
E Fluctuations
;!; Dyskinesi
0 Dysphagia
o Postural instability
a ) .
Bradykinesia Freezing of gait
Rigidity Falls
Tremor
EDS Pain Urinary symptoms
Hyposmia Fatigue Orthostatic hypotension
Constipation RBD Depression MCI Dementia
I | | | |
=20 -10 0 10 20
Time (years)

Kalia and Lang, Lancet. 2015 Aug 29;386(9996):896-912.
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Complications

Motor

Non-motor
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Table 2

Gastrointestinal adverse effects of commonly used motor medications in Parkinson disease

Medications Gastrointestinal Effects

Amantadine Anorexia, constipation, diarrhea, dry mouth, dysphagia

Anticholinergics Constipation, dry mouth, ileus, nausea, vomiting

Catechol O-methyltransferase Abdominal pain, anorexia, constipation, diarrhea, dry
inhibitors mouth, dyspepsia, flatulence, hepatic failure

(tolcapone), nausea, vomiting

Dopamine agonists Anorexia, abdominal cramps, constipation, diarrhea,
dry mouth, dysphagia, epigastric pain, Gl bleeding
(bromocriptine), nausea, vomiting

Carbidopa/Levodopa Abdominal pain, anorexia, constipation, diarrhea, dry
mouth, dysphagia, nausea, vomiting, weight loss
Monoamine oxidase B inhibitors Dry mouth, dyspepsia, nausea

Legge et al., Clin Geriatr Med 36 (2020) 81-92



KUOLAAMINEN .
. Syyt
* Syljeneritys on vahentynyt
* nieleminen harventunutta ja tehotonta
* etukumarrus
* ilmeettomyys
 Esiintyvyys 10%-81%

Bloem et al., Journal of Neurology 2009,256:1382-1383

Legge et al., Clin Geriatr Med 36 (2020) 81-92
Fasano A et al. Lancet Neurol 2015;14(6):625-39.



KUOLAAMINEN HUS™

Ipratropium Bromide Insufficient Insufficient evidence Investigational
Spray evidence
Glycopyrrolate Efficacious Insufficient evidence Possibly useful
Botulinum Toxin B Efficacious Acceptable risk with specialized monitoring  Clinically
useful
Botulinum Toxin A Efficacious Acceptable risk with specialized monitoring  Clinically
useful

Seppi et al. Mov Disord 2019

* Purukumi tai kovia karkkeja lisaavat nielemista
e Laakkeet paikallisesti tai suun kautta
(sekavuus, ummetus)

2 U/S guided Botox 20 units (0.8 cc)

lowa Head and Neck
Protocols Wiki

25 gauge needle

" * Suun kuivuminen voi johtaa
| hammasongelmiin

-~ Pfeiffer RF. Parkinsonism Relat Disord 2011;17(1):10-5.
Hyson et al. Mov Disord 2002;17(6):1318-20



NIELEMISVAIKEUDET

« Esiintyvyys ~35%, lisaantyy taudin edetessa

* Suun ja nielun ongelmat

» pureskelu

* tuntohairiot voivat heikentaa yskimisrefleksin

 tablettien jaaminen limakalvotaskuihin altistaa

tilanvaihteluille
 Ruokatorven hairiot

«  mm. refluksi

Legge et al., Clin Geriatr Med 36 (2020) 81-92
Skjcerboeket al. J. Clin. Med. 2021, 10, 493
Hammer et all. J Parkinsons Dis. 2013; 3(1): 39-44.
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NIELEMISVAIKEUDET

* Objektiiviset mittaukset
 Ruokavaliomuutoksia

« Puheterapeutin, fysioterapeutin ravitsemusterapeutin
konsultaatio

« Levodopatablettien pureskelu tai liukenevat tabletit

« Laiteavusteiset hoidot

Legge et al., Clin Geriatr Med 36 (2020) 81-92
Skjcerboeket al. J. Clin. Med. 2021, 10, 493
Hammer et all. J Parkinsons Dis. 2013; 3(1): 39-44.




MAHALAUKUN HAIRIOT

« Hidastunut tai nopeutunut tyhjeneminen
* Oireet
* Voi olla oireeton

- Ahky, pullotus, turvotus, ennenaikainen kylldisyys,
ylavatsakipu

- pahoinvointi, oksentelu
Hoito

. HC
» Ruokavaliomuutokset
* monta pienta annosta, rasvan maaran vahentaminen
*  pystyasento ruokailun jalkeen 1-2 tuntia PD
- Laakehoito gastroparesis
PD

Legge et al., Clin Geriatr Med 36 (2020) 81-92
Skjcerbaeket al. J. Clin. Med. 2021, 10, 493
Fasano A et al. Lancet Neurol 2015;14(6):625-39.
Knudsen et al. Park Rel Disords 55 (2018) 18-25

gastric dumping

Stomach

Duodenum

Stomach
contents

http://www.uofmmedicalcenter.org/healthlibrary/Article/40462

HUS



YLEMMAN RUUANSULATUSKANAVAN
HAIRIOIDEN MERKITYS TILANVAIHTELUISSA

=)
Iy

1) Swallowing oral therapy
Impaired swallowing (dysphagia) in advanced disease

G

2) Stomach

Variable absorption of levodopa due to irregular
gastric emptying

®

(3:} Jejunum
Competition with dietary amino acids for active
transport across the intestinal wall

@ Peripheral tissues

Reduced levodopa bicavailability due to
enzymatic breakdown by AADC and COMT

{:Er;} Blood-brain barrier
~ Competition for transport across the blood—brain
barrier with large neutral amino acids limits the
amount of levodopa reaching the striatum

@ Striatum
Conversion of levodopa to dopamine

Legge et al., Clin Geriatr Med 36 (2020) 81-92
Skjcerboeket al. J. Clin. Med. 2021, 10, 493

Fasano A et al. Lancet Neurol 2015;14(6):625-39.
Poewe et al. Clin Interv Aging . 2010 Sep 7;5:229-38
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Figure 2: Delay in gastric emptying
Photograph taken during gastroscopy. Arrow points to a carbidopa tablet
remaining intact in a patient’s stomach about 1.5 h after intake.



TILANVAIHTELUT HUS™

« Ahdistfuneisuus

« Pakkoliikkeet MUTTA MYOS . Esteettdmyys
« Levottomuus

MILD MODERATE SEVERE

Dopamine agonists
MAO inhibitors

Oral LD/CD (frequent dosing) | LD/CD intra-duodenal
MAO inhibitors infusion
Dopamine agonists Deep brain stimulation

LD/CD

5 -
=] 7]
g Dyskinesia .E
‘s “ON" Time ©
% Tﬁ:lra‘;‘eutic Window [ g
3 E
“OFF” State [V
: N _,
A A A A A
Early “Wearing OFF" Delayed “ON"
Levodopa Administration
« Ahdistuneisuus

« Hitaus II;/i\ozennus

+ Jaykkyys  MUTTAMYOs - SP-

* Vapina 9

 Vatsaoireet
« Kavelypakko



Sulous terminalis

YLEMMAN RUUANSULATUSKANAVAN
HAIRIOIDEN MERKITYS TILANVAIHTELUISSA
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Epasaannolliset tilanvaihtelut

Legge et al., Clin Geriatr Med 36 (2020) 81-92
Skjcerboeke’r al. J. Clin. Med. 2021, 10, 493 Figure 2: Delay in gastric emptying
Fasano A et al. Lancet Neurol 2015;14(6):625-39.

Photograph taken during gastroscopy. Arrow points to a carbidopa tablet
Poewe et al. Clin Interv Aging . 2010 Sep 7;5:229-38 remaining intact in a patient’s stomach about 1.5 h after intake.

Corniculate cartilage



YLEMMAN RUUANSULATUSKANAVAN -
HAIRIOIDEN MERKITYS TILANVAIHTELUISSA HUS

* Nielemisvaikeudet ja ylemman ruuansulatuskanavan hairiot

ovat tarkein syy hallitsemattomille tilanvaihteluille edenneessa
Parkinsonin taudissa. S/

Riittava ajallinen ero laakkeenoton ja ruokailun valilla on
tarkea mutta ei aina riittava.

« Tablettien pureskelu tai liukeneva muoto voi helpottaa
laakkeen imeytymista.

« Tassa tilanteessa oireiden optimaalinen hoito on haastava ja
tulisi harkita laiteavusteisia hoitomuotoja.

Legge et al., Clin Geriatr Med 36 (2020) 81-92
Skjcerbaeket al. J. Clin. Med. 2021, 10, 493

Fasano A et al. Lancet Neurol 2015;14(6):625-39.
Poewe et al. Clin Interv Aging . 2010 Sep 7;5:229-38



HELIKOBAKTEERI

H. pylori ja Parkinson

e Helikobakteeria kannattaa
e s etsia ja tarvittaessa haataa,
' erityisesti potilailla, joilla

Dobbs et al. (2000) 2.04 (1.04, 4.22) 430

Nielsen et al. (2012)

1.46 (1.21,1.77) 58.01 On ylé,vats aOireita ja

1.79 (1.08, 2.96) 8.30

;— hankalia tilanvaihteluita.
o

Bu et al. (2015)

Subtotal (I-squared = 0.1%, p = 0.433) 1.65(1.43,1.91) 100.00

Overall (I-squared = 0.1%, p = 0.433) 1.65(1.43,1.91) 100.00

NOTE: Weights are from random effects analysis

I I
A 5 1

Fu et al. ACS Chem. Neurosci. 2020, 11, 3, 395-405



UMMETUS

« ~50% Parkinson-potilaista karsivat ummetuksesta mutta suolen
hidastunutta toimintaa voidaan todeta jopa 80%:lla.

Monesti ummetus edeltaa Parkinsonin litkehairiooireita.

HITAAN LAPIKULUN UMMETUS

+ Kovat ulosteet BRISTOL STOOL CHART
Separate hard s SEVERE CONSTIPATION
Lumpy and sausage like MILD CONSTIPATION

Asausaqe shape with aacks inthe surface  NORMAL
Like a smooth, soft sausage or snake NORMAL
Soft blobs with clear-cut edges LACKING FIBRE

Mushy consistency with ragged edges MILD DIARRHEA

Legge et al., Clin Geriatr Med 36 (2020) 81-92
Skjcerbceket al. J. Clin. Med. 2021, 10, 493
Schmulson et al. J Neurogastroenterol Motil. 2017

Liquid consistency with no solid pieces SEVERE DIARRHEA




UMMETUS

« ~50% Parkinson-potilaista karsivat ummetuksesta mutta suolen
hidastunutta toimintaa voidaan todeta jopa 80%:lla.

« Monesti ummetus edeltaa Parkinsonin litkehairiooireita.

« ULOSTAMISHAIRIO

« liikehairiooire Normal Dyssynergic
defecation defecation

 ponnistelun tarve

 kipu
 epataydellinen tyhjennys
* esteen tunne

Legge et al., Clin Geriatr Med 36 (2020) 81-92
Skjcerbceket al. J. Clin. Med. 2021, 10, 493

Schmulson et al. J Neurogastroenterol Motil. 2017 s and Storr, Can J Gasfroenterol. 2011 Oct; 25(Suppl B): 168-218



UMMETUS

« HITAAN LAPIKULUN UMMETUS

~Prevent constipation

Legge et al., Clin Geriatr Med 36 (2020) 81-92
Skjcerboeket al. J. Clin. Med. 2021, 10, 493




UMMETUS "
HUS

« HITAAN LAPIKULUN UMMETUS
- Mahdollisesti pahentavat laakkeet?
« MAKROGOLI (annosmuutokset hitaasti)
+ Stimuloiva ummetuslaake tarvittaessa muutaman paivan valein
 Probiootit
*  Muut laakkeet

 ULOSTAMISHAIRIO
- Motorinen oire, johon Parkinson-laakitys voi auttaa
» Ulosteen koostumus voi olla normaali
 Peraruiskeet, perahuuhtelut
* Botuliinihoito




 Mikrobisto/Mikrobiota

Bakteerit, arkeat, profistit,
sieneft, virukset

lIhmisen kehossa eldd 10-100
biljoonaa bakteeria (1-10
kertainen maard ihmissolujen
MAaArddn nahden).

Valtaosa eldd paksusuolessa.

NQissG mikrobeissa oleva
geenimadrd on n. 100-
kertainen inmisgenomiin
verrattuna.

9
Mikrobisto-suoli-aivo-akseli HUS

e ~

_________

Enteric
muscles

Intestinal lumen

Tryptophan
metabolism
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Cryan & Dinan,Nat Rev Neurosci. 2012 Oct;13(10):701-12.



Substantia Nigra

Intestinal inflammation H. pylori:

m Infection - Autoantibodies—» Neuronal damage

m T Serum TNF-a - Stimulation of microglia = Activation of _k
- i i i " . .
astrocytes = Inflammation and loss of dopaminergic neurons. N w Infoction >+ Proinfiammeatory cytokines and
m  TIFNy, IL-6 and IL- B - Neurotoxicity ) activated leukocytes - Neuronal damage
"
-~
Vagus Nerve ®:
. ®
%7 a-synuclein

Cytokines

Wall

Altered Microbiota

Altered microbiome composition

Braak’s Theory
m | SCFA -1 GDNF and BDNF - { Neural protection

= Putative pathogen- a-synucleinopathy - Propagated

® | Ghrelin-> {Neural protection via the vagus nerve -» Dorsal motor vagus nucleus

m 1 a-synuclein aggregation in the ENS

Increased intestinal permeability:

= T Release of LPS, epoxomicin, BMAA into circulation- Toxic to
22 substantia nigra

H. Pylori

Elfil et al., 2020, Mov Disord, 35: 921-933.

m LPS - Disruption of BBB

HUS
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Research paper

Gut microbiota in Parkinson's disease: Temporal stability and relations
to disease progression

Velma T.E. Aho *®, Pedro A.B. Pereira *°, Sari Voutilainen €, Lars Paulin ?, Eero Pekkonen ®,
Petri Auvinen ?, Filip Scheperjans *
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More than constipation — bowel symptoms in Parkinson’s disease and
their connection to gut microbiota

T. H. Mertsalmi®®, V. T. E. Aho®, P. A. B. Pereira®, L. Paulin®, E. Pekkonen™®, P. Auvinen® and
F. Scheperjans®®

25 ®  Adjusted P = 8.43E-05 ®  Adjusted P = 1.85E-02
3 2
o o 20 © °L
= o8 20 °
2 © . ® < .
o o
s : E -t
a: o S -}
2 < 10 L3
w o 10 °
S 3 ¢ >3 ¢
O © ° c =
T 5 o ¢ . o
e ° alll == °
° °
0 o, e 0 ﬂ 0
No Yes No Yes
n=54 n=18 n=54 n=18
IBS IBS

* Symptoms that are IBS-like are more prevalent in patients with PD than controls
* Patients with IBD-like symptoms had lower fecal abundance of Prevotella bacteria

Mertsalmi TH, et al. (2017) Eur J Neurol, 1375-1383.



ANTIBIOTTIEN KAYTTO JA

PARKINSONIN TAUDIN RISKI

13976 Parkinson's disease patients
40697 matched controls
Follow-up on average 14.4 years
Adjusted for: IBD, IBS, COPD, TIA/stroke, CCl, H. pylori eradication, viral infections

a0R [95% Cl]

1-5 years:

1.030 [0.978-1.085]
1.027 [0.977-1.079]
1.016 [0.953-1.083]
5-10 years:

1.025 [0.964-1.091]
1.037 [0.979-1.097]
1.036 [0.965-1.112]
10-15 years:

1.058 [0.977-1.144]
1.052 [0.978-1.130]
1.108 [1.013-1.212]

a0OR

a0R [95% CI

1-5 years:

1.017 [0.914-1.131]
0.953 [0.861-1.055]

5-10 years:
0.961 [0.825-1.119]
0.889 [0.769-1.028]

10-15 years:
1.313 [0.972-1.773]
0.823 [0.589-1.150]

aOR

Antibacterials

0.5

Bacterial infections

F——
1

&1 course
® 2-4 courses

=5 courses

15

# 1 discharge

# >2 discharges

*

0.5

1.5

a0R [95% CI]

1-5 years:

0.944 [0.889-1.002]
0.996 [0.908-1.093]
0.805 [0.612-1.060]
5-10 years:

0.989 [0.928-1.053]
1.030 [0.944-1.124]
1.048 [0.822-1.336]
10-15 years:

1.056 [0.976-1.143]
1.130 [1.016-1.257]
1.416 [1.053-1.904]

a0R

a0R [95% CI]

1-5 years:

1.015 [0.966-1.066]
1.032 [0.977-1.089]
1.024 [0.925-1.134]
5-10 years:

1.036 [0.979-1.096]
1.035 [0.974-1.100]
1.127 [1.009-1.260]
10-15 years:

1.141 [1.062-1.225]*
1.136 [1.053-1.225]*

0.959 [0.831-1.106]

aOR 0.5

Macrolides & lincosamides

0.5

Antianaerobics

e
——
.

F——

# 1 course
# 2-4 courses

=5 courses

1.5

# 1 course
# 2-4 courses

>5 courses

HUS

Metsoloidenisi 1"

Carl Mesterton, 90,7

Mertsdlbni et al., 2019, Mov Disord, doi: 10.1002/mds.27924



ANTIBIOTTIEN KAYTTO JA
PARKINSONIN TAUDIN RISKI

13976 Parkinson's disease patients
40697 matched controls

Follow-up on average 14.4 years
Adjusted for: IBD, IBS, COPD, TIA/stroke, CCl, H. pylori eradication, viral infections

a0R [95% CI

1-5 years:

1.035 [0.985-1.088]
1.093 [1.036-1.153]
1.073 [0.979-1.176]
5-10 years:

1.076 [1.017-1.138]
1.043 [0.982-1.108]
1.129[1.020-1.249]
10-15 years:

1.105 [1.028-1.187]
1.134 [1.052-1.222]
1.100 [0.968-1.249]

aOR 0.5

Broad-spectrum aOR [95% CI] Narrow-spectrum
1-5 years:
e o 0.989 [0.943-1.039] o
- course 0.963 [0.912-1.016] e
H—— @ 2-4 courses 0.881 [0.790-0.982] —o—
=5 courses 5-10 years:
e 1.020 [0.965-1.079] He—
Hre— 0.966 [0.911-1.026] eH
F—— 0.963 [0.862-1.077] o1
10-15 years:
H—e— 0.999 [0.931-1.073] ]
—e— 1.015 [0.941-1.095] ]
H—— 0.995 [0.860-1.152] —e—
1 15 2 aOR 0.5 1
a0R [95% Cl] Antifungals
1-5 years:
1.108 [0.998-1.231] —e—|
1.255[1.110-1.420]* e ¢ 1 course
#® =2 courses
5-10 years:
1.147 [1.029-1.278] —e—
1.201 [1.065-1.355] f—ea—
10-15 years:
1.094 [0.959-1.248] F—e—
0.990 [0.849-1.155] —e—
aOR 0.5 1 1.5 2

% 1 course
# 2-4 courses

25 courses

1.5

Mertsalmiet al., 2019, Mov Disord, doi: 10.1002/mds.27924
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ULOSTEENSIIRTO HUS

Healthy donor
intestines

Stool is harvested | _ Patient intestines Patient after
from a healthy donor | et | 4 with C difficile infection transplantation

2 P \w'd
Fecal sample is tranplanted The organisms from the donor [-* Y
into the intestines of the V sample restores a healthy

patient with C difficile infection [ gut microbiome in the patient ||~

4 A

Fecal transplant
donor sample

Healthy donor
microbiome

C difficile spores

Vegetative C difficile

ToxinsA & B

Infected Restored healthy
microbiome microbiome

American Gastroenterological Association



PDQ-3Y score

ULOSTEENSIIRTO PARKINSONIN TAUDISSA

Xue et al., 2020, Medicine

Kontrolloimaton
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UPDRS 111 score

Kuai et al., 2021, Microb Cell Fact

ummetuspotilaat, kontrolloimaton

11 nenamahaletkulla

Table 2 Outcome measures in the participants

HUS
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Before FMTa 6 weeks After FMT 12 weeks After FMT p-value
BMI (mm/kgz) 2201+£1.73 23524165 2465+1.09
H-Y Grade™ 2274075 145+082 1.094+0.83 0.0023
UPDRSII Score™ 1136447 6.18+36 4904333 0.0036
NMSS™ 2236+7.05 12.55+554 10.36+£4.54 0.003
PAC-QOL score™ 102554+ 5.05 5127671 43454534 <0.0001
Wexner constipation score’ 11.63+£3.22 8.16x£262 6.2241.03 0.0231
HCY (pmoI/L)” 15854289 1274205 11.224+1.85 0002
Alb (g/L) 38494392 4038+£435 41624426
UA (umol/L) 306.13£7594 28209+£6531 27491 +£55.73
OCTT (min)” 15091+£12.21 NA 10545+£20.18 <0.0001

H-Y Grade: Hoehn-Yahr Grade, UPDRS Il Score: Unified Parkinson’s Disease Rating Scale Il Score. NMSS: non-motor symptom questionnaire, BMI: body mass index (mm/

kg?), HCY: homocysteine, Alb: albumen, UA: uric acid
" p<0.05 Before FMTvs 12 weeks After FMT in the same patient

“ p<0.01 Before FMTvs 12 weeks After FMT in the same patient
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