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Abstract

Background—Elevatecheart ratd HR) is associated with worsritcomes irpatients with
cardiovascular disease. Iedictive valuen acutestroke patients is less well established.
Aims —We investigatedhe effects of HRon admissiorn acuteischemic stroke

Methods — Using the Virtual Internationabtroke Trials Archive YVISTA) databas, we
analyzed thesassociation between HRacutestroke patientsvithout atrial fibrillationand
the predefinedcomposite endpoint of (recurrent) ischemic strakansient ischemic attack
(TIA), myocardial infarctiorfMI) and vascular death within 90 days.
Predefined'scondary outcomes were tlsemposite endpointomponents and any death,
decompensatetieart failure and degree of functional dependemoeording tomodified
Rankin Sale(mRS)after 90 daysHR wasanalyzedas categorical variable (quartiles)
Results — We had5606 patientsfor analysis theanNIHSS 13; meanage: 67yearsmean
HR: 77bpm; 446 female)among whom theomposite endpoinbccurredin 620 patients
(11.1%). Higher HR was not associated with the composite endpoint.

The frequenciesof secondary outcomes were 3.2% recurrent stidkel79), 0.6%TIA
(N=35), 1.8% Mk (N=100) 6.8% vascular deatlfN=384), 15.0%any death(N=841), and
2.2% decompensatetieart failure(N=124). Ritients in the highegjuartile HR>86bpm)
wereat increasedisk for any deathddjusted Hazar&atio (95% Confidence Intervad1.40
(1.11-1.79], decompensatedheart failure [djusted Hazard Ratic=2.20 (1.11-4.3)] and
worsemRST[adjusted Odds &io=1.29 (1.14-1.52)].

Conclusions - In acute stroke patientsjgher HR (>86bpm)is linked to mortality, heart

failure and higher degree of dependeafter 90 day$ut not to recurrent strok&]A or MI.

BACKGROUND:
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Heart rate (HR) is an easily accessible clinical variable-dnonitoring is an essential part
of stroke unit manageme(t). Resting HR is an important marker of str@sduced vascular
damage(2). Qurrent data leave little doubt that higher HR is adependent prognostic
indicatorfor cardiovascular mortalityHigher resting HR was positively associated vaith
cause deatlsudden deatlgndhospitalization due to congestive heart failuréealthy men

the elderlyand patients with severe hyperteosj metabolic syndromeheart failure and
coronary artery disea$a-3).

With regard tooutcome instrokepatients data on frequency and significance of higher HR
are scarcdg3,9-10).Somestudies suggest thaigher HRis related to poor outcome after
stroke(9-11). Unfortunatelysizes of study populations did not always allow adjustment for
stroke severity and emorbidities (especially hypertension and antihypertensive medication
e.g. betablockers or verapamil). Prewis studies did not use tirte-event analysis (10,11).
Others included patients with salsute and chronic stroke only (qualifying event up to 120
days before study inclusion) (9,12).

In addition.to poor outcoméigher HRwas associated witbognitive declinein a posthoc
analysis of.the PROFESS Stud®). The mediating mechanisms remained unclear.
(Recurrent),stroke or TIA are candidates to mediate cognitive decline and a higher degree of
dependency.

The aim of this®idy was to analyse the effect R on the day oadmissiorfor acute stroke
(onset less than 24 hrs before admission) on cardiovascular and neuromgoss
(including _stroke and TIA)as well as mortality after ischemic stroke in the Virtual

International Stroke Trials Archive (VISTA)N timeto-event basign patients with

METHODS:

Data Source and Patients

We collected.demographics, clinical data, and functional outcome measures from trials in
ischemic stroke:conducted from 1998 to 2012 and held within VISHA.Virtual
International=Stroke Trials Archive (VISTA) collates individual patient data from completed
clinical trials'and provides access to anonymized data for novel exploratory analyses. VISTA
has been deseribed in more detail elsew(EsE

Only trialswere choserthat includedacute ischemistrokepatients (onsewithin 24hrs

before trial inclusion)Besides, wenly includedtrials thatoffered allrelevantpredefined
baselineand outcome information: HR on admissiorparticulay occurrencef outcome

events, and modified Rankin Scale (mRS) at dayo@icome measures were
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retrievedfrom AE andSAE datareports.Patientswith atrial fibrillation wereexcluded
becausatrial fibrillation can lead to both bradgnd tachycardienaking interpretatin more
difficult. In addition patients with cardi@mbolic stroke due to atrial fibrillation may
constitute apecialentity. Patients’ data were anonymized in relation to patients and trials.
According torstudy protocolselrt rate was obtained withddh after stroke onset and on
hospital admissiom all five trials included. Heart rate was obtained from ECG by a central
reader in two trials, and obtained by pulse measurement in supine position in thaadther tr
All trials lodged in VISTA alreadyad local institutional review board approved procedures
in accordance with the Declaration of Helsinki. Hence, our analysis did not require a new
study appreval..Conduct and reporting are in accordance with the STROBE guidelines for

cohort studies.

Outcome measures

Outcome measureand statistical approackere prespecifiedwithin the application to the
VISTA steering committeand approved by the committee prior to analysigc@mes were
evaluatedaeeerding to quartiles dfiR at baseline Primary outcome was the composite
endpointofumajor vascular outcomdgrecurreny ischemicstroke,transient ischemic attack
(TIA), myocardial infarctior(MI) or vascular deathsThe composite endpoint was chosen
according togprevious studig9,12). Secadary endpoints weréhe composite endpoint
componentsioccurrenceof either (recurrent) strokemlA, MI, as well asany death,and
decompensateldeart failureuntil day 90(timeto-event),and modified Rankin Scal@nRS)

Score at 90 days.

Statistics

For all descriptive analyses percentages, means with standard de(@&@ipor median with
interquatrtile_ranges (IQR)f the variables were reporteépending on scale and distribution.
To comparepatiens’ characteristics betweaetfferenttrials within this study Chsquaretest

for comparisen®of categorical variables, am@&y ANOVA for comparison of sufficiently
normally_distributed data, Krusk&Vallis-test for noAnormally distributed data and ordinal
regression analysis for ordinal datere usedt@ble 1). For bivariate analysis of associations
of HR and different patients characteristics or outcohii@swas divided in fougroupsof
similar size (quartiles: Q1: €7bpm, Q2: 6776bpm, Q3: 786 bpm, Q4. >86 bpm).

Differences were testedsing bivariate ordinal regression analysis with random effects to
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account for the heterogeneity between the trials (random intercept models ofiaeues
SAS 9.3, PROC GLIMMIX)table 2)

Hazard ratios were calculatezh timeto-event basisby using Ca proportional hazard
regression analgs with random effects to account for heterogeneity between trials (R
packageordinal, command: clmm). We used HR e7&Dbpm as reference categdgrause

of U-shaped distribution of the composite endpaiith regad to HR(figure 1). To test the
associatiorof HR'and mRSwe conducted ordinal regression analysis with random effects.
Co-variates for adjustment were pspecified within the proposal handed in to the VISTA
collaborators and included the Essen Risk &cparameters 4): age (categorized as
<65years, between 65 and 75 and age>75), smaiatgs, arterial hypertension, diabetes
mellitus, previousMl, other cardiovascular diseases, previous TIA or stroke in addition to
qualifying event Furthermore,we defined National Institutes ofHealth Stroke Scale
(NIHSS on admission, gender, blood glucose on admission [mmol/l], ipoessure on
admission [mmHg], use of beldockers before stroke, and usevefapamilbefore stroke as
potential confoundersAdditionally we accounted for the clustering of patients in trials by
using regression models with random effects.

Results are, expressed as hazard ratios with 95% confidence intervals (95% CI) when using
Cox regression on time to event basis and as odids with 95% confidence intervals (95%
Cl) for ordinalregression for mRS on day 90.

SPSS 19.0.0.1, SAS 9.3 and R 3.1.1 were used for data analysis.

RESULTS:

A total of (586 patientsfrom five distinct studies wereavailable for analysigmean (SD)
NIHSS 13 (6) age 67 (13)years HR: 77 (15) bpm 44% female) Demographicand ce
morbiditiesfor the total cohort as well as for each individtrdl are reportedn table 1.
Trials differed. significantly for almost all patient characterist®stablocker andverapamil
use was especially high in trial D.

On follow-upya‘feature of theeomposite endpoint was recordedG®0 patients (11.1%)
Recordings#of secondary (single) outcomes were: 179 recurrent st®Res),(35TIAS
(0.6%), 100“myocardiainfarctiors (1.8%) 384 vascular death$5.8%), 841 any deaths
(15.0%) and124exacebationof heart failure(2.2%).In patients experiencing more than one
endpoint component, the first event was considered.

Unadjusted alinal regression analysid not show asignificant association between HR

and the composite endpoint (p=0.336, té)le
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On the contrarypnadjustedordinal regression analysetowed significantassociatioa of
higherHR on admissioranda higher probabilityfor occurrence oMl (p=0.014) any death
(p=0.025), occurrence of decompensatéeart failure (p=0.026) and higher degree of
dependency wWorse mRS Scorg p=0.026) (adble 2) With regard to cevariates and
confounding=factorsbivariate analysisalso showedthat female stroke patients had more
often a higher HR than male stroke patients (p=0.002), that patients with a lHigivelnere
younger compared to those with normal or lower HR (p<0.001). In addhigder HR was
associated with highaglucose (p<0.001), higher systolic and diastolic blood pressure (both
p<0.001), higher body temperature (p<0.0Q¢ds morefrequentin patients with diabetes
(p<0.001), but lestequentin patients with history o#l (p<0.001) and in patients who used
betablockers (p<0.001)EssenRisk Scorewas higher in the lowest HR quartile (p<0.001)
(table?2).

The distribution)of the composite endpoint, vascular death or any deetinding to HR
suggested adbr Jshaped relation and the second quavtides thereforehosen as reference
in themultiple Cox regression models (table 2, Figure 1). Cox proportional regression models
demonstrate@.significantly higher risk of any deaitn patiens with HR>86bpm compared

to patientsiin,the second quartileiR (67-76bpm)] [adjusted EzardRate (95%CI): 1.40
(1.11-175)(table 3).Similarly, patients with HR>8®pm had a higher risk @xacebation

of heart failurefadjusted tzardRate (95%CIl): 2.20 (1.14.37)]. The association between
HR>86 bpm and death from vasculeause just failed statistical significance after adjustment
[adjusted thazard Rate (95%): 1.33 (0.98L.81); p=0.065].Adjusted adinal regression
analysisrevealed a significatyt worse mRS scoreat day 90 for patients with HR>88m
compared tahe refereneHR (67-76bpm) [adjusted OR (95%CI): 1.29 (1.10-1.52)].

Neither hgher nor lower HR was significantly associated with occurrence of (recurrent)
strokdTIA “or MI. Moreover,HR was also nosignificantly associated witthe composite

endpoint when.applying the tinme-event approach (table 3).

DISCUSSION:

Our study.feund an independent association betieehighst quartie of HR on admission
(>86 bpm) and,any deathesxacerbatiorof heart failure and a higher degree of dependence
as defined by the mRi& acute stroke patients without atrial fibrillatidn. contrast,higher
HR was notsignificantly associated wittthe composite endpoirdf stroke, TIA, Ml and
vascular deathsorthe composite endpoint componerdgsurrence of strok&lA or Ml alone.

Our findings in acute ischemic stroke patiemi® corroborated bg number ofprevious
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studies in healthy men and patients with severe hypertension, with heart, fafdrevith
coronary artery diseaganphasizinghe predictive value of HR fayverall mortality(3,5-8).
Moreover, there was no significant association of HR with occurrence of strqgiagients
with stable coronary heart diseaseute coronary syndroma chronic stroke(9,15,16).
Finally othersstudies did not find an association between higher heart ratfl §h2i15).
Previous data on stroke patients have predominantly been refmrtbé nonacute setting
and in mildly affected patient©ur study reports on very acute (included <24h after onset)
and severely affected stroke patiefiteeanNIHSS=13). The predictive value of HR could
have been different in this special subgroup of patients.

The PRFESS and PERFORMtudieson subacute and chronic stroke patierstsowed a
significantiassociation between higher HR amattality, too. Up to datethe predictive value

of HR for death seems well established for several populations, including adutersacute
stroke patients as well as-lspital mortality and mortalitwithin the firstthree months
following the initialevent (9,12,18)

Moreover, our study further supports the relevandd®in predictingdecompensateleart
failure. The.association of highé¢dfR and decompensatetleart failureis recognisedrom
patiens with knoewnheart failurewith and without coronary artery diseamgdfrom patients
with suspected or proven coronary artery dis€asky,19).Our studyextends this finding to
acute stroke pattentghere this aspect has not been stubiefidre

Decompensated heart failure may have contributed to both mortality and thentthing f

our analysis: the associatiomith higher degree of disability as quantified by the mRS.
Mediating mechanisms leading tegher nortality in patients withheart faiure are well
described20). Rathophysiological explanations for the association between higher heart rate
and worse disability are less well underst¢dt). Heart failure may contribute by restricting
patients’ mobility (worsening disability). Interestgly, there is an association of heart rate
and cognitive déclinén patients with high cardiovascular risk (after Ml or survived stroke)
(22). Cognitiverdecline mayalso contribute to a higher degree of disabilitgowever,
following our-analysis of VISTAalthaugh higher HR predicts decompensated heart failure
and heart failureincreases stroke risk, one cannot assume an increased stroke risk when
finding higherHR aloneBesides, our analysis does not support the hypathtbsit clinically
manifest (recurrent) strokBA are relevant contributors to the cognitive decline observed in
these patients.

Our study benefits fromthe large sample size including comprehensive adjustments for

confounding factorgincluding betablockers and verapamignd accounting for clustering of
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patients in trialspre-defined primary and secondary outcomBsere are inherent limitations
in the retrospective design and the sampling of trial populatiarisding divergences in

obtaining heart rate

Conclusion

Our analysis extends the evidence for an impact of elevated HR on mortality and tyoobidi
patients witranacutecerebraischemic gent and major neurological deficitg. acute stroke
patiens, higher HRindicates higher risk of any deattecompensatelgeart failure and

higher degree of dependency on follow up but higher HR dogwedict(recureni) cerebral
ischemic everst
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Table 1: Sample description for the whole study and for the five different trials fromIBiEA/project. Mean = SD, median (IQR) cengentages.

Trial N Age Sex NIHSS; Diabetes  Arterial Heart Smoking Beta- Vera- Glucose Systolic Essen Risk
(female) N=5605 mellitus;  Hypert. Rate Never / stopped / Blocker pamil (basel.) Blood Score sum
N=5481 N=5481 [bpm] current; N=5477 use use [mmol/l] ; pressure
N=5034 [mmHg]
Total 5606 67:(13) 436 % 12.8(5.5) 24.5% 72.1% 77 (15) 49.4%/16.4%/342%  19.3% 2.0% 6.6(5.8-8.2) 155(26) 29(1.5)s
A 1282 67(12) 424% 12.2(5.2) 20.0% 67.2% 77 (15) 55.3%/19.0%/25.8%  12.1% 1.1% 6.6 (5.8-81) 156 (26) 2.6(1.5)
B 2331 67+18) 424% 124 (54) 255% 74.8% 77 (15) 51.1%/22.3%/26.6%  17.2% 1.3% 6.7 (5.7-8.2) 154(26) 29(1.5)
C 429  6913) 501% 162 (5.1) 23.8% 71.3% 80 (17) 45.5%/ 31.5%/23.1% 11.0% 1.6% 6.4(5.6-8.2) 154 (25) 2.7(1.3)
D 552 69.(13) 43.7% 14.5(4.3) 228% 68.3% 77 (16) 05% /0.0% /99.5% 17.4% 1.4% 6.7 (5.8-8.3) 156 (25) 3.3(1.4)
E 1012 68 (13) 448% 121(6.1) 294% 75.0% 77 (15) 68.8%/ 0.0%/31.2%  37.7% 5% Not 153 (25) Not
available available
P <0.001k  0.0412 <0.001b <0.0012 <0.0012 0.028%P <0.0014 <0.0012  <0.0012 0470 < 0.035 b <0.001 b

a y-square-test;“b'one-way ANOVA; ¢ Kruskal-Wallis-Test; 4 ordinal regression
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Table 2: Characteristics of study participants by resting heart rate (in quartiles), bivariate test

results using ordinal regression with random effects.

HR (Quartiles) Total Q1 Q2 Q3 Q4
(<67bpm)  (67-76 (77-86 (>86 bpm)
N=5606 N=1427 bpm) bpm) N=1363 P

N=1492 N=1324

Gender (female) 43.6% 41.7% 41.1% 45.6% 46.2% 0.002 2
Age [years]; 67 (13) 69 (12) 67 (13) 67 (13) 66 (13) <0.0012
Mean (SD)

NIHSS on admission; 12.8 (5.5) 13.0 (5.5) 12.9 (5.6) 12.4 (5.5) 12.9 (5.5) 0.206
Mean (SD); N=5605

Right hemisphere 51.8% 53.6% 51.2% 51.1% 51.0% 0.179
N=5598
Glucose on admission 6.6 6.5 6.6 6.6 6.9 <0.001 b

[mmol/I; Median{IQR]; [58-82] [5.678] [5.781]  [57-82]  [5.9-9.1]
N=4022

Systolic blood pressure 155 (26) 152 (26) 154 (25) 156 (25) 157 (27) <0.001 2
on admission [mmHg];

Mean (SD); iN=5603

Diastolic blood,pressure 82 (16) 78 (15) 82 (15) 84 (16) 87 (17) <0.001 2
on admission [mmHg];

Mean (SB);N=5601

Temperature on 36.8 (0.6) 36.6 (0.6) 36.8 (0.5) 36.9 (0.5) 36.9 (0.6) <0.001 a
admission [$€];:Mean

(SD); N=4394

Arterial hypertension at  72.1% 73.5% 71.0% 71.0% 73.0% 0.760 2
baseline; N=5481

Diabetes mellitus; 24.5% 20.8% 23.8% 26.2% 27.3% <0.001 2
N=5481
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Smoking

never, 49.4% 48.6% 49.1% 53.2% 46.9% 0.666 2
stopped, 16.4% 17.6% 17.1% 12.7% 17.9%
current 34.2% 33.8% 33.8% 34.2% 35.2%
N=5477
Hx of heart failure; 5.5% 5.0% 5.7% 4.8% 6.6% 0.234a
N=4165
Hx of myocardial 14.9% 17.8% 14.6% 14.1% 12.8% <0.0012
infarction; N=5481
Hx of Stroke;mIN=5529 23.3% 24.9% 21.7% 24.9% 22.0% 0.293a
Hx of TIA; N=4374 9% 7.6% 9.4% 9.2% 9.6% 0.134 2
B-Blocker onsadmission  19.3% 27.3% 18.5% 15.8% 15.2% <0.001 a
Verapamilonradmission 2.0% 1.8% 1.8% 2.6% 1.7% 0.684 a
Treatment withTPA 36.4% 38.4% 35.9% 34.2% 36.9% 0.261a
Essen Risk Secore Sum 29(1.5) 3.0 (1.5) 2.8 (1.5) 2.8 (1.5) 2.8 (1.4) <0.001 2
Mean (SD); N=4590
Essen Risk Score>2; 58.5% 61.9% 59.1% 56.7% 56.0% 0.002a
N=4590
OUTCOMEq % (events)
Composite outcome ¢ 11.1% 11.4% 10.3% 10.0% 12.7% 0.336 2
(N=620)
Secondary Outcomes 3.2% 3.4% 3.2% 3.2% 3.1% 0.693a
Recurrent Stroke (N=179)
TIA 0.6% 0.8% 0.6% 0.6% 0.5% 0.410-
(N=35)
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MI 1.8% 1.2% 1.9% 1.4% 2.6% 0.014 =
(N=100)

Vascular death 6.8% 7.8% 6.3% 5.9% 8.9% 0.383 2
(N=384)

Any death 15.0% 15.3% 13.2% 13.1% 18.6% 0.025 2
(N=841)

Exacerbation of heart 2.2% 1.9% 21% 1.5% 3.4% 0.026 2

failure (N=124)

Modified Rankin Scale

Score at day 90; 2.9; 3.0; 2.8; 2.8; 3.1 See

mean; median (IQR) 3.0 (1-4) 3.0 (1-4) 3.0 (1-4) 3.0 (1-4) 3.0 (1-5) table 3

N=5417

a ordinal regression with random effects
® ordinal regression with random effects of log-transformed values
“the composite endpoint is less than the sum of its components, because patients my have

suffered more than one endpoint.
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Table 3: Adjusted and unadjusted Hazard ratios for the primary and secondary endpoiratsan telresting HR (in quatrtiles).

Outcome
Total: N=4015

Q1 (<67pbm)
Hazard Ratio [95%1] (p)

Q2 67-76bpm Q3 77-86 bpm Q4 >86 bpm

Hazard Ratio [95% CI] (p) Hazard Ratio [95% CI] (p)

Primary, compasite endpoint,

n=509 events; adjustéd 1.07 [0.84 — 1.37] (0.590) Reference 0.95[0.73 - 1.24] (0.730) 1.25[0.98 — 1.60]* (0.073)
unadjusted 1.13[0.89 — 1.44] (0.300) Reference 0.92[0.71-1.19] (0.530) 1.25[0.98 — 1.59] (0.068)
Secondary (single) Outcomes:

Recurrent stroke or TIA

n=171 events;.adjustéd 1.07 [0.71 — 1.46] (0.750) Reference 0.93[0.61 - 1.44] (0.750) 0.93[0.60 - 1.43] (0.730)
unadjusted 1.09 [0.72 — 1.63] (0.690) Reference 0.95[0.62 — 1.45] (0.800) 0.93[0.61 — 1.43] (0.750)
Myocardial infarction ,

n=68 events;-adjustéd 0.49[0.24 — 1.01] (0.052) Reference 0.53[0.25-1.14] (0.100) 1.37 [0.76 — 2.48] (0.300)
Unadjusted 0.58[0.29 — 1.18] (0.130) Reference 0.54[0.25-1.14] (0.110) 1.28[0.72 — 2.28] (0.410)
Death from cardiovascular

causesn=333 events; adjustéd  1.11[0.82 - 1.50] (0.510) Reference 1.01[0.72 - 1.40] (0.970) 1.33[0.98 - 1.81] (0.065)
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Unadjusted

1.20 [0.89 - 1.62] (0.230)

Reference

0.92[0.67 - 1.28] (0.640) 1.36 [1.01 - 1.83] (0.042)

Any death,
n=592 eventsyadjustéd

Unadjusted

0.98 [0.78-1.24] (0.890)

1.01 [0.78-1.24] (0.670)

Reference

Reference

1.00 [0.78-1.27] (0.980)

0.91 [0.72-1.16] (0.460)

1.40 [1.11-1.75] (0.004

1.32 [1.06-1.65] (0.013)

Exacerbation-ef heart failure®

n=67 events; adjustéd

Unadjusted

1.19 [0.57-2.47] (0.640)

1.35 [0.65-2.77] (0.420)

Reference

Reference

1.18 [0.54-2.58] (0.670)

1.14 [0.53-2.46] (0.740)

2.20 [1.11-4.37] (0.024

2.01 [1.02-3.95] (0.042)

Modified Rankin Scale Scoreat
90 days (Odds\Ratio)
adjusted®

unadjusted

1.07 [0.91-1.25] (0.409)

1.14 [0.98-1.33] (0.080)

Reference

Reference

1.12 [0.95-1.31] (0.173)

1.00 [0.85-1.17] (0.960)

1.29 [1.10-1.52] (0.002)

1.26 [1.08-1.47] (0.004)
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#adjusted for the Essen Risk Score parametgys between 65 and 75, age>75, Smoker, Arterial hypertension, Diabetes, previous myocardial
infarction, other cardiovascular diseases (except myocardial infarction or atrial fibrillationhyzr@VA or stroke in adition to qualifying event

and furthermare NIHSS on admission, Blood glucose on admission (mmol/l), use of b&&asohmfore stroke

® In patients.without known congestive heart failure before index stroke.
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Figure Legends
Figure 1: Prevalence and 95%CI of composite endpoint (recuisenémic stroke, TIA,
myocardial infarction and vascular death within 90 days) after index stroketing nd&.
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