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ABSTRACT

Background. Freatments for patients withyocardial ischemia theabsence oangiographic
obstructivescoronary artery dised€AD) are limited. In these patients, particularly those with
diabetes, diffuse coronary atherosclerosis and microvascukandtisn is a common phenotype
and may be accompanied by diastolic dysfuncti©Onr primary aim was to determine whether
ranolazine.wouldjuantitaively improve exercisstimulated myocardial blood flow (MBF) and
cardiac fupetion in symptomatic diabetic patients without obstructive CAD.

Methods and Results. We conducted a double-blinded cras®r trial with 1:1 random
allocationtte.the order of ranolazine and placebo. At baseline and after eaetk 4reatment
arm, left. ventricular MBF and coronary flow reserve (CFR; primary endpoint) were measured at
restand after supine bicycle exercise usifigd-ammonia myocardial perfusion PET. Resting
echocardiography was also performédultilevel mixedeffects linear regression was used to
determinedreatment effect$hirty-five patients met criteria for inclumi. Ranolazine did not
significantly=alter resor postexercisdeft ventricularMBF or CFR. However, patients with
lower baseline CFR were more likely to experience improvement in CFR with reweo{ez
0.401, p=0.02) than with placebo (r=-0.188, p=0.28). In addition, ranolaamassociated with
an improvement in E/septal e’ (p=0.001) and E/lateral e’ (p=0.01).

Conclusions. Insymptomatic diabetic patients without obstructive CA&holazine did not
change exercisstimulated MBF or CFR but did mestly improve diastolic function. Patients
with more severe baseline impairment in CFR may derive more benefit from ranolazine.

Clinical trial registration Information. ClinicalTrials.gov Identifier: NCT01754259.

This article is protected by copyright. All rights reserved



Key words: Randomized controlled triadliabetesnellitus microvasculadysfunction, positron
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INTRODUCTION

Myocardial ischemian the absence @ngiographic obstructive coronary artery disease
(CAD) posesa,significant management challenge for patientsppadders Thisclinical
scenario igrequently encountered clinical practicé, particulary in womer, andis associated
with increased'fisk of adverse cardiovascular events and dis3filiBjffuse coronary
atherosclerosis‘and microvascularfdystion is a common phenotypethese patients anday
be accompanied by diastolic dysfunctfoifhese associations a@specially evident among high
risk cohortsineluding patients with diabettandpatients withchronic renal impairmerit® In
diabetics, diffuse coronary vascular dysfunction precedes overt atherostlemsitheabsence
of traditionally-definedmyocardial ischemia doe®tnecessarily correspond to lower riSk.
Importantly, current treatment strategies for obstructive epicadiBl, such as percutaneous

angioplasty and stenting, areeffective fordiffuse CAD andnicrovasculadysfunction.

Ranolazine is a novel ardinginal agerit * that, under ischemic conditiorishibits the
late dium.current in cardiomyocytes atiereby decrease®dium and calcium overload.
Exces intracellular calcium may impair myocyte relaxation and contribute to ventricular
diastolic stiffness, which in turn affects myocardial contractility and perfuSibrAlthough
ranolazinég mechanism of actiois thought to be mediated in part by increased myocardial
blood flow(MBF)*, prior studies utilizing vasodilator stress protocols have shown conflicting
dataregardingsthis hypothesfs'” and no prior study has testieavith an exercise stress

protocol.

Accordingly, we conducted a randomized, double-blplacebecontrolled, 2way
crossover,trial in symptomatic diabetic patients without obstructive CADtttheebypothesis
that reatment'with ranolazine would quantitatively improve exenatstedMBF andcardiac

function.

METHODS
Study Design
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The study was a randomized, double-blinded, coags-trial with 1:lrandom allocation
to the order ofanolazine and placebo. The washout period between treatment arms was 3 days,
representing ~10 times the terminal Hd# of ranolazine (7 hourskigure 1 shows the study
flow chart, At each of the 3 study visifgtientsunderwent a blood draw, a 1€ad
electroardiogram a standard resting transthoracibecardiogramand dynamic supine bicycle
exercise stresgest myocardial perfusiopositron emission tomographyET). Serum
biomarkers‘included Nerminal preB-type natriuretic peptide (NT-proBNP) and higénsitivity
C-reactive'protein (hsCRP). For safety monitoring, plasma glucose, hemoglobin Allc, lipi

panels, camplete blood count, renal and liver function panelsalsgebtained at each visit.

Patient Population

Brigham & Women’s Hospitgbroviderpatient panels were screened to identify patients
with diabetesstable angina and/or exertional dyspnea,exauicise tolerance att least 3
metabolic equivalentsn a treadmill or izycle exercise tolerance te®atients with obstructive
CAD (defipedas> 50% luminal stenosis) on clinically-indicated invasive coronary angiography
or coronary CTangiography within 1 year prior to study screemarg excluded, as were those
with a histery of cardiomyopathy (left ventricular ejection fraction < 40%),araidsevere
valvular heart disease, uncontrolled hypertension (systolic blood pressure > 189)mmenal
impairment (estimated glomerular filtration rate < 50 ml/min/1.?8 and/or a contraindication
to ranolazine. Patiendreadytaking ranolazinéor clinical indicationsvere also excluded.
Qualifyingpatientavere contacted by phone to request voluntary participation in the study.
Consistentwith prioranolazinerials'®?°, patient symptoms at baseline were confirmed using
the Seattlé Angin@uestionnaire (i.e., score < 18bandthe Rose Dyspnea Scdlee., score >
0)2? If patients had not undergone invasireCT coronary angiography within 1 year, we
performed.screening coronary CT angiographg excluded any patients witt60% luminal
stenosis from further study participation. The study was approved by the Partrigisdrea
InstitutionalsReview Boardnd registered at ClinicalTrials.gov (NCT 01754258I).study
patientsgave written informed consent.
Randomization

The order of ranolazine and placebo expostasrandomly assigneish a 1:1 ratio by the
Investigational Drug Servicat Brigham & Womens Hospital. During the 28ay treatment
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periods, anolazine (Gilead Sciences, Fostaty, CA, USA)and matching placebo were
administered as 500 niy mouthtwice daily forl week and increased to 1000 bygmouth
twice daily for3 weeksas tolerated Minimum ranolazine dosing and duration of treatment
periodswerebased on prior data that monotherapy with 500 mg twice daily for 1 week is
sufficient to.increase exercise toleranc@atients with chronic angitfd Treatment compliance
was measuredby pill counPatientsand study investigators were blindedreatments and

treatmenorderthroughout the study protocol.

Assessment of Myocardial Blood Flow and Coronary Flow Reserve

MBE was measured at rest and in response to supine bicycle exercisENisingmonia
as a flow tracerPatients were studied using a whole body PET-CT scanner (Discovery RX or
STE LightSpeed 64, GE Healthcare, Milwaukee, WI) after an overnightRasiens refrained
from beta-blockers, calcium channel blockensd nitroglycerirfor 24 hours prior to their scans.
After transmissiolC T imaging and beginning with the intravenous bolus administratidiNef
ammonia(=15-mC) at rest, list mode images were acquired2@minutes.After radioactive
decay of the restadioactive dose, the patient was positioned for supayelb exercise on the
PET tablejust outside the imaging gantry. Symptéimited supine bicycle exercise strassng
a standardized ramp protosghs then performed. At peak stress, exercise was st@noed
patients weremmediately repositioned in the PET gantry using skin landmarks, at which point
a second dose 6IN-ammonia(~15 mCi)was administered followebly list mode imaging for
20 minutes#The time between peak exercise stresSraimmoniainjection was
approximately=20 seconds. A second CT transmission scan was obtained immediately after
completion of the stress imaging, and used for attenuatioaatimm of the stress imagéhe
average radiation exposure pemplete PET/CBtudywasapproximately 2.8nSv. Heart rate,
blood pressure, and 12-lead electrocardiogram were recorded at baseline andrawtery mi
during and. afteexercisestress.An identical stress protocol and workload was used for stress
PET scans.after eatfeatment arm

Assessment of the global extent and severity of regional perfusion abnormalities was

assessed by quantifying the tgtekfusion deficit at resgfter stras,and their difference using
commercially available software (QPS, Cedars Sinai, Los Angeles, Raents with d@otal
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perfusion deficit during stress8.8% (corresponding to a summed stress score > 6 and
suggestive of clinically significant obstriat CAD) on the baseline study were excluded from
further study participationRest and post¢xercise left entricular ejection fraction (LVERyere
calculated. from_gated myocardial perfusion images using commercially available software
(Corridor4dDM; AnnArbor, Michigan).

Absoluteleft ventricular (LV)MBF (in ml/g/min) was computed from the dynamic rest
andexercisestress imaging series using the same commercially available soétmgre
previously validated method$.Automatedegions of interest wengsed to generate blood pool
(arterial inputsfunction) and tissue tiraetivity curves.Regional and globallV rest and
exerciseVIBF were calculated by fitting theN-ammoniatime-activity curves to a two
compartment tracer kinetic model as described previduélyPerpatient global coronary flow
reserve (CER) was calculated as the ratio of absolute MBF at stress over tlesteitire left
ventricle. ‘Quantitation of MBF was performedtiyo operators blinded to the patietreatment
and treatmentworder. The intfass correlation coefficieior MBF and CFR among these
readers was 0:94 (95% Cl 0.88-0.98), indicating excellent reproducibilioyaccount for
differences.in resting cardiac workload, whizan affect global rest LV MBFgorrectett CFR
was calculated: corrected CFR = peak global LV MBF/[(rest MBFHeatspressure produrik
10000].

Assessmentrof‘Diastolic and Systolic LV Function

Resting‘echocdiogramswere acquired by an experiencashographer using a Philip
iIE33 machine (Philips Corporation, Andover, MA, USA) andluded standar@-dimensional
views recommended by the American Society of Echocardiogi@s#).>’ Acquired images
were digitally. storedor quantitative measuremearnperformedy 4 expert echocardiographers
blinded tothepatient treatment and treatment ordéV enddiastolic and endystolicvolumes
(used to caleulate LVEF)eft atrial volume, septal and latepak early dastolic tissue velocity
(€), septal and,lateral peak systolic tissue velocity (s'), and mitral inflow velocityE) were all
measuredn accordance with ASE guidels@ ?° Each measurement was perfornied
triplicate by the same echocardiograpfwerall study patientsintraclass correlation coefficients
for all echocardiographic measurements, performed on 15 randomly selected study
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echocardiograms, are providedTiable S1.

Statistical Analysis

We_calculated that a sample size of 35 evalupalentswas needed to provide 80%
power to detect a 20% relatimprovement inmmediate posexerciseglobalLV CFR (primary
endpoint) fromdaseline. Percent improvenfemn baselinagn all other quantitative serum
biomarkerand‘echocardiographic measures were secondary endpbipEtients who received
at leasbne dosef each intervention anfiad a PET interpretable for CFR at a#it@dy visits
were included in the efficacy analysior the primary endpoint, and all secondary endpoints,
individual multilevel mixedeffects linear regression mod&lsreused to determine independent
treatment effectsIn each modelpercentchangerom baseline was useas the outcome variable
andfixed effects includedreatment phase (i.e., ranolazine or placebo), treatment order (i.e.,
ramolazinefirst or placebsfirst), andaverage dailylose.A perpatientrandom effectvas
included to,account for any withipatient correlation of repeated measubdisstatistical tests
wereperformed withwo-sidedo=0.05 and were performed using Stata software version 13.1
(StataCorpCollege Station, Texas, USA).

Study Oversight

The study was investigatamitiated andunded by Gilead Sciencdsc., the American
College of Cardiology and the National Heart, Lung, and Blood Institute at the National
Institutes of*Health The authoraresolely responsible for the study design and conailict,
statistical analyse drafting and editing of the manuscript and its final conte®itisdy
characteristics conform to the CONSORT guidelines for reporting randomizeziktimals. An

independent Data and Safety Monitoring Board monitpedgbnt safety

RESULTS
Cohort Characteristics at Baseline

FromJuly 2013 through April 2015, 47 patients who met the inclusion and exclusion
criteria were enrolled There was 1 scredmilure (©bstructive CAD identified on CCTA) and 6
patiens withdrew consent prior to randomizatidhdure 1). Of the remaining 40 randomized

patiens, 3 dropped out while receiving ranolazine, 1 dropped out while receiving placebo, and 1
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was excluded foPET imageshat were not interpretable for CFRccordingly, 35atients were
included in the primary analysis.

The baseline demographic and clinicllaracteristicef the study cohort are shown in
Table1l. The.median ag&as 64 yeardifterquartile interval [IQI] 61-67) and 4% were
women. The median baselinfeemoglobin Alc was 7.4% (1QI: 6.8-8.2). Of theddients
(54%) with"known CAD, 15 had undergone coronary revascularization (43% of the overall
cohort). With'respect to baseline antiangimadication use in the study cohort, 20% of patients
were on lang-acting nitrates, 63% were on beta-blockers, and 26% were on calcium-channel

blockers.

Hemodynamic Parameters at Rest and During Exercise

Compared to placebo, ranolaztneatmendid not changeesing heart rate, systolic
blood pressuranean arterial blood pressume,ratepressure product_ikewise, ranolazine
treatmentdidynoet changemmediate posexercise heart rateystolic blood pressure, mean
arterial bloed pressuyer ratepressure product. &diac workload achieved with exercise,
assessedtby bototal METS and peak:resttepressure productvas not significantly different
between.ranolazine and p&mtreatments A summary of all rest and exercise hemodyicam
parameterss provided inTable S2. Importantly our immediate postxercise hemodynamic
measurements represented a ewfipf 10% or less from those at peak exercise, as shown in
Table S3.

Effect of Ranolazine on Myocardial Blood Flow, Coronary Flow Reserve, Diastolic Function
and Serum Biomarkers

In multivariable analysis accounting for treatment phtteatmenbrder, ancaverage
daily dose, ranolazineeatmendid not significantly alter resirimmediate posexerciseglobal
LV MBF, CERor corrected CFRelative toplacebo(Table 2). However, in exploratory
secondaryanalysgse found asignificantinversecorrelationwherebypatients with lower
baseline correcte@FR were more likely texperience improvemefuallowing treatment with
ranolazingr=-0.401, p=0.02) A similar statistically significant negative correlation wex
seenfollowing treatment witlplacebo(r=-0.188, p=0.28]Figure 2), thoughthe difference
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between the correlatiacoefficientsfor ranolazine and placebo did not reatztistical
significance {wo-tailed p=0.35 utilizing the above correlation r values and n=35 for each

treatment group).

In multivariable analysis accounting fseatmenphase, treatment ordemd average
daily dose, ranolazine@as associated with an provement irE/septal e’ (p=M01) and E/lateral
e’ (p=0.01)relative to placeb@Table 2). In exploratorysecondaryanalyses, we did not find a
significantinversecorrelation between baseline E/e’ (septal or latenadits improvement
following treatment with ranolazineRelative to placebo, ranolazitreatmendid not
significantly alterother echocardiographic parameters of resting systaiicestolic cardiac
performance, naserumhsCRPor serum N-proBNP(Table 2).

Compliance and Safety

The.median daily dose of ranolazine was 1750 mg (IQI: 1722-2000) and the median daily
dose of placebo was 1750 mg (IQI: 1467-2000). There were no serious adverse events during
the ranolaziner washout periods. One serious adverse event occurred during the placebo period
[fall complicated by noratal intracerebral hemorrhagejlon-serious adversevents duringhe
ranolazinesperiod occurred in patientgnausea andizziness (9, hypoglyemia(1), renal
abnormality (1)transaminitis (1)]. Amongst the Jatientswith nonserious adverse events
during ranelazine treatmentpatiens dropped out of the study and in the remaining 9 patient
dose reduetionito 500 mg twice daily resultedesolution of adverse effects. Ngarious
adverse events during the placebo period occurregati@nts [hematuria (1), chest pain
requiring evaluation (1)]. Finally, nogserious adverse events occurred in 2 paidating
follow-up after protocol completion [chest pain requiring evaluation (1), neghesis (1)].

Complete followup at 2 weeks after protocol completion was obtained in 100% of patients.

DISCUSSION

In our eohort osymptomatigatients withdiabetes, we found thakatment with
ranolazine resulted in a modest but significant improvement in d@étalttion,without a
change irexercisestimulatedMBF or CFR compared to placebo. In our exploratory secondary

analyseshowever, we found a significant inverse correlation whereby patients with lower
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baseline corrected CFR measuremerdse more likely to experience improvement following

treatment with ranolazine

Our primary observatiorthat ranolazineloes not improv€FRin symptomatic diabetic
patients witheut obstructiv@AD is concordant with the findings of Villano et®8]who found
that ranolazine/did not have an effect on coronary microvascular function in patignt
microvascularangina pectoris. Howewaur data conflict with those of Tagliamoreteal’’,
who found'thatranolazine improved CFR in patients sytimptoms of myocardialéaemia in
the absence of obstructive CADhere are seval possible explanations for this discrepancy.
First,less tham25% of the Tagliamonte cohort had diabetes, in whom hyperglycemia and
hyperinsulinemianaytriggerdistinct pathophysiologic mechanisms to produce microvascular
ischemia compared with other disease proce$sésSecondwe induced coronary hyperemia
with exercise whilelragliamonte et al. did so with dipyridamol€oronary hyperera elicited
with vasodilators such as dipyridamole or adenosine uncouples blood flow from cawdiac w
and reflectsypredominantly endetial-independent vasodilation.x&rcise,on the other hand,
triggers a more ' complex interplay between metabolic demand, coronary hemodynamics, and
vasodilator.respons€inally, Tagliamonte et aimneasured CFRith echocardiography only in
the left anterior descending coronary artery, whereas we measured CFR with PET over the entire
LV.

Ourfinding that ranolazine modestly improves lefivieular filling pressurem
symptomatie.diabetic patients without obstruct@A&D is a novel finding. To date, the only
trials examining the effect of ranolazine on echocardiographic measures olicfasiction
have been in animal models or patiemith heart failure with preserved ejection fractiobhe
data in those studies aequivocal regarding the improvement of echocardiographic measures of

diastolic function with ranolazin&.®*

Ourexploratory analyses demonstrating a potegtiatlientphenomenogoverning the
effects of rana@zine on myocardial blood floare consistet with recently published data by
Bairey-Merz etal., who also showetthat patients witthower baselineCFR had significantly

greaterimprovement irmid-ventricular myocardial perfusion reserve index witholazine®
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Prior histopathologic studies in diabetic patidrase shown phenotypic heterogeneity with
respect tacoronaryarteriolarthickening, perivascular accumulations of connective tissue, and
myocardial stiffening® >’ Patients with these phenotypic features may have more severe
impairment ofCER than those with isolated endothelial dysfunction from hyperglycemia,
inflammations.andxidative stress" >3 |t may be this more severe phenotype that derives

more clinical benefit from treatment with ranolazine.

Finally,"our protocol couplingupine bicycle exercisgress with dgamic PETimaging
to quantify absolute MBF imaging iislatively novel Krivokapich et alshowedhe feasibility
of quantifyingMBF from dynamic PET images acquired durpmwpkexercisein normal
volunteers®® However, theelatively longer gantry length of modern PETF scanners
(compared to older standalone PET scanners) physically presiugies exercisduring image
acquisiton._Ourexercise stregsrotocol was designed to minimize the delay between peak
exercise anghitiation ofdynamicPETimage acquisitioio approximately 20 seconds. Indeed,
our baselinerabsolutenmediate poséxercise global MBFneasurementdéble 2) are very
similar to those'measured Byivokapich et af'® Accordingly, we believe this protocol may be
attractivete.clinical trialists seeking an accurate, precise, and reproducible noninvasive

measurement of paesixercise absolute MBF.

While ourtrial had several strengths, including a crossover trial design, a diseased
cohort comprisedf both men andvomen, use of an exercibased stress protocol, and well-
validatedimagingoutcome measures, we acknowledgdimitationsas well The first is our
relatively small cohort size of 35 patientdyieh limited generalizability andur statistical
power for degcting differences in our secondary analyeed in any potential cohort subgroups.
A second important limitation is thatir mechanistic trial was not designed to assksisal
outcomes._Accordinglyt is possible that some of the nsignificantimprovements we saw
with ranolazine compared to placebo (e.g., immediategastise MBF, serum hsCRP, serum
NT-proBNP) eouldcontribute to aneaningful reduction in adverse clinical outcomes in a larger
population of similar patients. Finally, our experimental design allowed for inaladipatients
with non-obstructive epicardial coronary artery disease and patients with mild stress perfusion
defects (summed stress score <\Bhile this was done to acknowledge the significant real-
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world challenge ofdentifying symptomatic diabetic patients without any epicardial coronary
artery disease (i.e., ‘pure’ microvascular disease), doing so mayieated a biakoward our
negative CFR results. Specifically, patiemt®ur cohortwith impaired CFRmore pominently
influenced by diffuse ‘nombstructive’ epicardial atherosclerosis and/or small myocardial
scarring may-have been less likely to respond to any potential tiaheffectsof ranolazine on

microvascular_function.

In ¢onclusion, in symptomatic diabetic patients without obstructive coronary artery
diseasewe found thatreatment with ranolazine did not change exersisgulated myocardial
blood flow.ereeronary flow reserve but did result in a modest but significant improvement in
diastolic furetion. In addition, ar exploratoryanalyses suggest that diabetic patients with more
severely impaired coronary flow reserve may derive more benefit from ranolazine than their

counterparts with less severe phenotypes.
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FIGURE LEGENDS:

Figure 1. Patientenrollment, screening, randomization, and completion flow diagram.

Figure 2. Correlation betweebhaseline corrected CRahd its changafter treatment with
ranolazine.and after treatment with placeBBR coronary flow reserve.
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Table 1. Study cohort baseline demographic and clinical characteristics.

All Study Participants (n=35)
Age (years) 64 [61,67]
Female 17 (49%)
Body.mass index (kg/h 31[27,36]
I'Cardiovascular Risk Factors
Hypertension 30 (86%)
Dyslipidemia 33 (94%)
Family history of CAD 11 (31%)
Chronic kidney disease 3 (9%)
Current tobacco use 2 (6%)
iovascular History
Known CAD 19 (54%)
Myeecardial infarction 6 (17%)
Coronary revascularization 15 (43%)
-;Percutaneous coronary intervention 8 (23%)
= Coronary artery bypass grafting 10 (29%)
Stroke 2 (6%)
Peripheral vascular disease 3 (9%)
[=Medications
Insulin 13 (37%)
Aspirin 28 (80%)
Beta-blocker 22 (63%)
Caleium channel blocker 9 (26%)
ACErinhibitor or ARB 27 (77%)
Statin 34 (97%)
Diuretic 15 (43%)
Nitrate 7 (20%)
[«Symptoms
Angﬁa and dyspnea on exertion 24 (69%)
Angina only 8 (23%)
Dyspnea on exertion only 3 (9%)
Serum Labs
Creatinine, mg/dL 0.9[0.7,1.1]
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Continuous variables represented as median [interquartile ifjtancgatlichotomous variables as n (%®ymptoms
were assessed by the Seattle Angina Questionnaire and the Rose Dyspnea Scale. ACE, angiotensin-converting

enzyme; ARB, angiotensin Il receptor blocker; CAD, coronary artery disease.
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diastolic function, and serum biomarkers.

Table2. Treatment effect of ranolazine on myocardial blood flow, coronary flow reserve,

Baseline )
) Ranolazine Placebo | Treatment
Median .
% Change| % Change Effect
[1Q1]
MJ\I Blood Flow Outcomes
|
Rest global MBF, 0.85 7 -1
) p=0.23
mL/g/min [0.68,0.95] [-12,11] [-15,7]
Immediate post-exercise 1.48 3 -2 —0.19
global MBF, mL/g/min | [1.23,1.65] | [-14,10] [-15,3] p=5:
1.80 0 -2
CFR p=0.60
[1.43,2.07] | [-10,14] [-14,16]
1.50 -4 2
Corrected CFR p=0.84
[1.35,1.95] | [-14,17] [-17,21]
h:hocar diography Outcomes
_d
0.09 4 -1
Lateral &, m/s (n=28) p=0.31
[0.08,0.10] [-8,13] [-12,10]
0.07 0 -7
Septal & m/s (n=28) p=005
[0.06,0.08] [-8,12] [-18,10]
8.6 -3 4
E/lateral & (n=28) p=0.01
[6.6,10.3] [-19,14] [-13,28]
10.2 -4 8
E/septal e’ (n=26) p=0.001
[8.6,11.2] [-16,12] [0,22]
Left atrial volume, mL 26 4 11
p=0.21
(n=26) [22,38] [-6,37] [-19,48]
LVEDV, mL 77 1 -2
p=0.04
(n=28) [63,99] [-10,7] [-15,8]
LVESV, mL 33 -5 -2
p=0.20
(n=28) [25,42] [-11,27] [-22,27]
LV ejection fraction, % 58 1 -2
p=0.75
(n=28) [56,63] [-6,4] [-10,10]
0.08 0 -5
Lateral 3, m/s (n=27) p=0.51
[0.07,0.09] [-4,14] [-15,6]
Septal § m/s (n=28) 0.07 0 -7 p=0.07
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[0.07,0.08] [-11,7] [-16,5]
Serum Biomarker Outcomes
CFR, 139 6 11 coronary
Glucose, % p=0.57
flow [103,190] | [-12,40] [-6,41] reserve;
CRP, C- 7.4 -1 -2 reactive
- Hemaglobin Alc, mg/dL p=0.96
protein; [6.8,8.2] [-5,4] [-6,2] 1Ql,
High-sensitivity CRP 2.2 -8 0 0.36 interquartile
interval mg/L (n=31) [1.1,5.9] [-36,33] [-28,25] p= LVEDV, left
NT=proBNP, pg/mL 67 -10 4 041 ventricular
end (n=34) [30,113] [-36,28] [-24,61] p= diastolic
volume; LVESF, left

ventricular end systolic volume; MBF, myocardial blood flow; NT-proBNP, N-terminal of prohormone brain
natriuretic peptide:

"“Treatment fféct p value based on mixed linear regression model with % change from baseline as the outcome
variable and fixed variables of treatment phase (ranolazine vs. placebo), treatment order, and per-patient average
daily ranolazine and placebo dose. A per-patient random effect was also included to account for any within-patient
correlation of repeated measures.

“Corrected CFR €alculation: peak global LV MBF/(rest MBF/(rest HR x rest SBP) x 10000)).

This article is protected by copyright. All rights reserved



Enrolled (N=47)

Mot Randomized (k=7)

& Patient Withdrawals
1 Screen Fallure

Randomized (N=40)

Hﬂmmmﬂu

e

Placebo [N=19)

|

Protocol (N=18)

1 Imierventian
|4 wonks)

Placebo [N=19)

—= Ko Dropouts

3-Day Washout

I |ntepeentian

|8 wenks)

Ranolazine (N=19)

———=  [ropouts (M=1]

Completed Protocol (N=18)

| excluded for
sulsogtimal irmasging

35 Included in Analysis

Author Manu§br

jah3_2151_f1.tiff

This article is protected by copyright. All rights reserved



Ranclazine: r=-0401 ; p=0.02
Placebo: r=-0.188 ; p=0.28

o
D=

CFR From Baseline

Cf+

jah3_2151_f2.tiff

Author Manus

This article is protected by copyright. All rights reserved



