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-
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ROYAL ADELAIDE HOSPITAL RESEARCH FOUNDATION

$50K CLINICAL PROJECT GRANT APPLICATION 2013

A. APPLICATION

1.

Title of Proposal

Postprandial hypotension in Parkinson’s Disease — impact of gastric emptying and splanchnic blood
flow.

Applicant(s)

Prof Karen L Jones, DipAppSci{Nuc Med) PhD, NHMRC Senior CDA Research Fellow, Discipline of
Medicine, Centre of Clinical Research Excellence, Nutritional Physiology, Interventions and Outcomes,
University of Adelaide, Royal Adelaide Hospital, Frome Road, Adelaide, SA 5000, (08) 8222 5394,
karen.jones@adelaide edu.au.

Dr Thomas Kimber, MBBS (Hons), PhD, FRACP Neurologist and Director of Stroke Unit, Department of
Neurology, Royal Adelaide Hospital; Ph: 8222 5298; email: Thomas Kimber@health.sa.gov.au

Project details:

The project is to be conducted in the Department of Nuclear Medicine, Positron Emission Tomography
and Bone Densitometry, Royal Adelaide Hospital and the Discipline of Medicine, Eleanor Harrald
Building, Royal Adelaide Hospital. ' ' '

Prof Jones will devote approximately 4 hours, and Dr Kimber approximately 3 hours, to the project per
week.

Applications For Other Research Support Currently Pending

No funds are available to support the proposed study that represents a new collaboration between the
two applicants. Prof Jones’ research relating to postprandial hypotension has been supported by a
NHMRC Project Grant ID: 627189 - Project title: Gastric, small intestinal and cardiovascular
mechanisms of postprandial hypotension. Prof Jones returned to work in late February 2012 following
maternity leave and, not surprisingly, it was not logistically feasible to formulate a further application to
the NHMRC in 2012 for funding in 2013. — The proposed studies will strengthen an application to the
NHMRC o be submitted in 2013 for funding to commence in 2014.

Current Research Support
Professor Karen Jones

2010-2012 KL Jones, Gentilcore D, Visvanathan R, Chapman |, Rayner C, Horowitz M - NHMRC -
627189 - Project title: Gastric, small infestinal and cardiovascular mechanisms of
postprandial hypotension ($225,500 pa)

2010-2012  Rayner CK, Horowitz M, KL Jones, Feinle-Bisset C - NHMRC - 627139 - Project title:
Upper gastrointestinal function and glycaemic control in diabetes mellitus ($251,167 pa)

2010-2013 KL Jones - NHMRC Senior Career Development Award (Level 2) - NHMRC - 627011 -
Project title: Gastric, smalf intestinal and cardiovascular mechanisms of postprandial
hypotension in the elderfy ($104,250 pa)



20122017 M Horowitz, G Wittert, P Clifton, CK Rayner, IM Chapman, C Feinle-Bisset, KL Jones,
M Noakes, M Chapman, N Nguyen. NHMRC - 1041687 - Title: Centre of Research
Excellence in Transfating Science to Good Health ($500,000 pa)

Dr Thomas Kimber has no current research support funding

Relationship Of This Application To Other Funding

As discussed under (3.} Prof Jones' research relating to postprandial hypotension is supported by a
project grant provided by the NHMRC that terminates at the end of 2012. The proposed application will
support ongoing work in this area and represents a novel initiative.

Ethical Clearances

The proposed study has recently been approved by the Research Ethics Committee of the Royal
Adelaide Hospital (RAH protocol #111223).

Certification

This application has been certified by the Head of Department that appropriate general facilities will be
available to the investigator if successful and that the project will be carried out strictly in accordance
with NHMRC Ethical and Scientific Practice Guidelines.

Prof Gary Witiert e odoeoiido
Head Discipline of Medicine

Scientific Referees

Professor Geoffrey Hebbard
Director of Gastroenterology

Royal Melbourne Hospital

Phone (03) 93427470

Fax (03) 93427848

Email: Geoff.Hebbard@mh.org.au

Professor Chris Mathias

Imperial College, School of Medicine, St Mary’s Pickering Unit
St Mary's Hospital, Praed St, London, W2 1NY, United Kingdom
Phone: +44 20 7886 1468

Fax; +44 20 7886 1540

Email: ¢.mathias@imperial.ac.uk

Professor Richard McCallum

Texas Tech University Health Sciences Center
Paul L. Foster School of Medicine

4800 Alberta Ave, Elpaso Texas, USA

Phone: +1 915-545-6626x265

Fax: + 1 915-545-6634

Email: Richard. mecallum@ttuhsc.edu




B. RESEARCH PROPOSAL

1.

Budget
a. Equipment:
All of the required equipment is available $0

b. Maintenance & Consumables:

- Radiopharmaceuticals (%™ Tc-sulphur colloid): $1500

- Biochemical screen: $375

- Blood glucose (368 samples @ $5/sample): $1840

- Plasma 3-OMG analysis {368 samples @ $20/sample}: $7360

- Plasma noradrenaline (147 samples @ $27/sample): $3969
c. Safaries

Research assistant (PSP 3, FTE:0.5) for 12 months: $34,945

TOTAL  $49,989

Justification of budget

The sum requested represents the minimum required to pursue the proposed studies effectively.
Routine biochemical screens and measurements of blood glucose will be performed by the IMVS at a
reduced rate. Measurements of plasma 3-OMG {chromatography) and noradrenaline are, unfortunately,
expensive, but essential and analysis will be performed at the University of South Australia (3-OMG)
and Queensland Pathology (noradrenaline). The number of samples is calculated on the basis of the
number of subjects that will be studied. The proposed studies are fechnically demanding, lasting ~5
hours, 1 - 2 studies will-be performed a week. A PhD student, Mr Laurence Trahair, will be involved,
but the involvement of another experienced research assistant is essential. The research assistant will
also play a major role in recruitment and data analysis.

Aims

To evaluate the blood pressure, heart rate and superior mesenteric artery blood flow responses to both
oral and intraduodenal glucose in patients with Parkinson's disease. The primary hypotheses
underlying the study are that in patients with Parkinson’s disease, unselected for PPH: (i) gastric
emptying will be related to the fall in blood pressure after a 75g oral glucose load and (i) the fall in blood
pressure induced by intraduodenal glucose infusion at 2 keal/min will be greater than after oral glucose,
greater than in healthy subjects, and related to splanchnic (superior mesenteric artery) blood flow.

Statement on Ethical Considerations

All aspects of the study will be discussed with each subject during a phone interview or screening visit.
An information sheet will be provided, and each subject will be given the opportunity to seek medical
advice or to discuss the study with friends or family prior fo involvement. Each volunteer will give written,
informed consent, in accordance with the attached form, and the subjects will be free to withdraw from
the study at any time. This study will be performed in accordance with the Declaration of Helsinki.



Background and Research Plan

Postprandial hypotension (PPH), leading to syncope and falls, is now recognised as an important
clinical problem, particularly in the elderly and in patients with autonomic dysfunction [1]. Postprandial
hypotension occurs in 30 - 40% of nursing home residents, and is distinct from, and may occur more
frequently than, orthostatic hypotension, representing a significant cause of morbidity and mortality [1].
PPH occurs in = 50% of patients with Parkinson’s disease (PD) [2] and has been attributed to the high
prevalence of autonomic impairment [3, 4] and hypertension [5] in this group. It has been suggested that
PPH may account for the increase in symptoms experienced by some patients with PD following meals
[6]. The mechanisms mediating PPH are poorly understood, Gastric distension [7, 8], small intestinal
nutrient delivery [9, 10] and neural and hormonal mechanisms [11], which may all modulate splanchnic
blood flow [1] may be important. Current management is suboptimal [1].

Our recent studies have established in healthy older subjects and in type 2 diabetes patients [9] that the
magnitude of the fall in blood pressure (BP) induced by oral glucose is greater when gastric emptying
(GE) is relatively more rapid. More rapid GE is also associated with a greater postprandial rise in blood
glucose in this group [9] as a result of more rapid intestinal glucose absorption which can be measured
using ptasma concentrations of 3-OMG, a non-metabolized glucose analogue [12-14]. When glucose is
infused intraduodenally in healthy ‘older’ subjects at 1, 2 and 3 kcal/min- rates which span the normal
range of GE of glucose or saline, the 1 kcal/min load had no effect on BP or heart rate {HR), while the 2
and 3 keal/min loads induced comparable, and substantial, falls in BP, although the increase in HR was
greater with the 3 keal/min infusion [16]. In contrast to the effect of small intestinal nutrients, gastric
distension, possibly with volumes as [ow as 100mL, attenuates the fall in BP in response to both oral [8]
and intraducdenal (ID) [17, 18] glucose. Gastrointestinal (Gl) dysfunction and G| symptoms are common
at all stages of PD [19], and there is a high prevalence of delayed GE [19] which may compromise the
absorption of dopamine replacement therapy [20, 21]. Drugs such as levodopa, siow GE in both healthy
“subjects ‘and PD, despite having a beneficial effect on symptomns in the latter group [22]. Somewhat
surprisingly, only one study hitherto evaluated the impact of GE on postprandial BP in patients with
Parkinson’s disease and, given that the cohort studied comprised only 12 patients, it is not surprising
that no relationship was evident [23]. Previous studies have also examined the BP response to oral, but
not ID, nutrients [5, 6], compromising interpretation given the effect of gastric distension to attenuate the
fall in BP [7, 8, 17]. Meal ingestion is associated with splanchnic blood pooling and a reduction in
venous return to the heart [1]. In healthy young and older individuals, with intact baroreflex mechanisms,
these changes induce a rise in HR, stroke volume and cardiac output, leading to a compensatory rise in
BP [1]. However, in patients with PPH, this response is inadequate to maintain BP [1]. The increase in
postprandial blood flow through the superior mesenteric artery (SMA) can be measured by duplex
ultrasonography [24], and may correlate with changes in BP [25]. There is no information about SMA
flow in patients with PD and how this may related to changes in postprandial BP.

Participants

25 subjects with Parkinson’s disease will be studied; the effects of ID glucose will be evaluated in 12 of
these. Subjects will be recruited from existing databases and by using advertisements placed in the
Royal Adeiaide Hospital. The Parkinson’s Association of South Australia will be approached fo assist in
advertisement. The number of subjects to be studied is based on our previous studies [18, 25] to detect
a significant difference in BP between study days; e.g. a minimum of 8 subjects would result in an 80%
power (l = 0.05) to detect a significant difference in BP between the two study days.

Subject selection criteria

Inclusion criteria

Male or female subjects aged between 18 — 80 years with Body Mass Index (BMI) 19 - 30 kg/mZ2
Subjects with a diagnosis of idiopathic Parkinson’s disease according to the UK brain bank criteria of
mild disease (Hoehn and Yahr Staging of 1 — 2.5). Subjects taking short-acting anti-Parkinsonian drugs
who are able to withdraw from this medication overnight, and subjects who are taking long-acting anti-
Parkinsonian drugs and are able to withdraw from this medication for 24 hours prior to the study.
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Exclusion criteria

Subjects with a history of diabetes, severe respiratory, cardiovascular, Gl (unrelated to PD) andfor renal
disease, regular medication that may affect BP of Gl function (apart from anti-Parkinsonian therapy)
chronic alcohol abuse or epilepsy, smoking >10 cigarettes/day, alcohol consumption >20 g/day,
pregnancy or breastfeeding or if iron status, or fiver function tests are abnormal. Subjects requiring
medication that may influence BP or gastrointestinal function, beyond the abovementioned anti-
Parkinsonian therapy.

Withdrawal criteria
Subjects who experience severe symptoms, as a result of PPH e.g. fainting and falls

Study Plan and Design

Each subject will attend the Discipline of Medicine, Royal Adelaide Hospital at approximately 0830h on
four occasions after an overnight fast. On the first occasion, subjects will have a blood sample (10mL})
collected for the assessment of liver function, creatinine, fasting blood glucose and biochemistry and
undergo physical examination by a Neurologist (TK). Pre menopausal women will undergo a pregnancy
test. Subjects who meet the selection criteria will be included in the study and will be invited to attend for
the remaining study days.

(1) Effects of oral glucose

On the second occasion, 25 subjects will undergo concurrent measurements of GE by scintigraphy [9,
26], BP, HR and SMA blood flow by Doppler ultrasound [17, 18, 25], blood glucose [9, 17, 18, 25-31],
plasma 3-OMG and catecholamines [25]. On arrival, an intravenous cannula will be inserted into an
antecubital vein for blood sampling [9, 17, 18, 25-27] and subjects will be walked to the Department of
Nuclear Medicine, Positron Emission Tomography and Bone Densitometry, Royal Adelaide Hospital.
The subject will be seated with their back against a gamma camera [9, 26] with an automated blood
pressure cuff placed around the opposite arm for measurement of BP (systolic, diastolic and mean
arterial pressure) and heart rate [9, 17, 18, 25-27]. Subjects will also be attached to a Finometer Pro
(Finapress Medical Systems, Amsterdam, The Netherlands) on one finger of one hand to allow
continuous measurement of cardiac oufput, stroke volume, vascular resistance and baroreflex
sensitivity. The subiject will then be given a drink (t = 0 minutes) comprising 759 glucose and 5g 3-OMG
labelled with 20 MBq 99mTc-sulphur colloid, made up to 300ml water [9, 26]. GE, blood glucose, BP,
HR and cardiac parameters will be monitored for 180 minutes after ingestion of the drink. On study
days, BP and HR will be measured (DINAMAP ProCare 100, GE Medical Systems, Milwaukee, WI,
USA) at 3 minute intervals for 9 minutes (i.e. t = -9, -6 and -3 minutes) prior to the ingestion of the drink
and the average of these measurements will be taken to represent 'baseline’, and then again at 3
minutes from t = 0 - 180 minutes [9, 17, 18, 25-27]. Measurements of cardiac parameters with the
Finometer Pro will occur continuously from t = -9 minutes through to t = 180 minutes. Blood samples
(19 ml) will be obtained prior fo the ingestion of the drink and then at t = 15, 30, 45, 60, 90, 120 and 180
minutes for measurement of blood glucose [9, 17, 18, 25-27], plasma 3-OMG and noradrenaline [25].
Samples will be stored at -70°C until analysed. Blood glucose concentrations will also be immediately
determined using a portable blood glucose meter (MediSense Companion 2 Meter, MediSense Inc.,
Waltham, MA) [9, 17, 18, 25-27]. SMA blood flow will be assessed using a Logiq™ 9 ulfrasound system
(GE Medical Systems. SMA blood flow will be measured immediately prior to the ingestion of the drink (t
= -3 minutes) and then at t = 15, 30, 45, 60, 90, 120 and 180 minutes [17, 18, 25]. Sensations relating
to appetite, PPH, PD and other Gl symptoms will be evaluated using a visual analogue scale
immediately prior fo the ingestion of the drink (t = -3 minutes) and then at t = 15, 30, 45, 60, 90, 120 and
180 minutes [9, 17, 26]. GE curves {expressed as % of the maximum conient of the total stomach) will
be derived and the content of the total stomach at t = 0 and every 15 minutes until t = 180 minutes will
be calculated [9, 26]. The 50% emptying time (T50) will also be obtained [9, 26]. Att = 180 minutes,
subjects will be offered a light lunch and a final blood glucose measurement will be taken and the
infravenous cannulae will then be removed and the subject’s BP monitored until it has retumned to
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baseline levels, Prior to the subject's departure from the laboratory, autonomic nerve function will be
assessed using standardised cardiovascular reflex tests [9, 17, 18, 25-27]. Parasympathetic function will
be calculated by the variation (R - R interval) of the HR during deep breathing and the immediate HR
response to standing ("30:15" ratio). Sympathetic function will be assessed by the fall in systolic BP in
response {o standing.

(2) Effects of intraduodenal glucose

In 12 of the 25 subjects (selected at random) on the remaining two occasions, subjects will undergo
concurrent measurements of BP, HR [9, 17, 18, 25-27] and SMA blood flow by Doppler ultrasound [17,
18, 25], blood glucose [9, 17, 18, 25-27], plasma 3-OMG and noradrenaline [25] during infraduodenal
infusion, under randomised, double-blind fashion. On each study day, subjects will attend the Discipline
of Medicine, Royal Adelaide Hospital at approximately 0830h. On arrival, a silicone rubber 1D catheter
(~ 4mm in diameter) incorporating a duodenal infusion port will be introduced into the stomach via an
anaesthetised nostril [10, 17, 25, 27]. With the subject supine, the tip of the tube will be allowed to pass
into the duodenum by peristalsis. A subcutaneous salinefilled reference electrode (20-guage
intravenous cannula) will be inserted info the left forearm to measure antroduodenal transmucosal
potential difference (TMPD) across the stomach and ducdenum, so that the position of the tube can be
monitored continuously [10, 17, 25, 27]. An intravenous cannula will then be inserted into an antecubital
vein for blood sampling [9, 17, 18, 25-27] and an automated BP cuff placed around the opposite arm for
measurement of BP (systolic, diastolic and mean arterial pressure) and heart rate [9, 17, 18, 25-27).
Subjects will also be attached to a Finometer Pro (Finapress Medical Systems, Amsterdam, The
Netherlands) on one finger of one hand to allow continuous measurement of cardiac output, stroke
volume, vascular resistance and baroreflex sensitivity. When the catheter has been positioned correctly,
each subject will be given an infusion intraduodenally of either (0.9%) saline or glucose at a load of 2
kealfmin with 5g 3-OMG for 60 minutes (t = 0 — 60 minutes) followed immediately by an infusion of
(0.9%) saline for a further 60 minutes (t = 60 — 120 minutes) [10, 25]. On each of the study days, BP
and HR will be measured (DINAMAP ProCare 100, GE Medical Systems, Milwaukee, WI, USA) at 3
minute infervals for 9 minutes (i.e. t = -9, -6 and -3 minutes) prior to the commencement of the ID
infusion and the average of these measurements will be taken to represent ‘baseline’, and then again at
3 minute from t = 0 - 120 minutes [9, 17, 18, 25-27]. Measurements of cardiac parameters with the
Finometer Pro will occur continuously from t = -9 minutes through to t = 120 minutes. Blood samples
(19 ml) will be obtained prior to the commencement of the D infusion and then again at t = 15, 30, 45,
60, 90 and 120 minutes for measurement of blood glucose [9, 17, 18, 25-27], plasma 3-OMG and
noradrenaline [25]. Samples will be stored at -70°C until analysed. Blood glucose concentrations will
also be immediately determined using a portable blood glucose meter {(MediSense Companion 2 Meter;
MediSense Inc., Waltham, MA). SMA blood flow will be assessed using a Logig™ 9 ultrasound system
(GE Medical Systems). SMA blood flow will be measured immediately prior to the commencement of the
ID infusion (t = -3 minutes) and then at t = 15, 30, 45, 60, 90 and 120 minutes [17, 18, 25]. Sensations
relating to appetite, PPH, PD and other Gl symptoms will be evaluated using a visual analogue scale
immediately prior to the commencement of the ID infusion (t = -3 minutes) and then at t = 15, 30, 45, 60,
90 and 120 minutes [9, 17, 26]. Att = 120 minutes, the silicone-rubber catheter will be removed and
subjects will be offered a light lunch. A final blood glucose measurement will be taken and the
intravenous cannula will then be removed and the subject's BP monitored until it has returned to
baseline levels prior to the subject’s departure.

Statistical analysis

Data will be analysed using standardised, non-parametric statistical methods (e.g. using repeated
measures ANOVA). Relationships between variables will be assessed by linear regression analysis.
The data will be prepared for publication in a peer-reviewed journal.

Future plans
The outcome of this study will strengthen a planned application for an NHMRC project grant to be
submitted in 2013.
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