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What this study adds

What is already known about the subject?

1. Mainly reports of ritodrine on the blood pressund aardiovascular side effects are known;

2. Apart from blood pressure, no cardiovascular effbéetve been studied during atosiban-
infusion;

3. Therefore, there is a need for in depth researdh®@effects of the two commonly used
tocolytic drugs on the cardiovascular system teebeinderstand their pharmacodynamic

effects.

What this study adds:

Comparison of the effects of ritodrine and atosibammacrocirculation (arterial stiffness and

compliance), microcirculation (peripheral resisgnand cardiac function.



Abstract

Background: Beta-2 adrenoceptor agonistic drugs like ritodrivae been the reference tocolytic
drugs but are associated with cardiovascular digets. Atosiban, a newer drug, is a competitive
antagonist of oxytocin and has been claimed to lhesg cardiovascular side effects. Until now, there

is mainly a subjective reporting of adverse reaxgtiand little objective, cardiovascular data.

Aims. Evaluation of the acute effects of therapeutic doskritodrine and atosiban compared to

placebo on cardiac function, large artery propgrtdood pressure and resistance vessels.

Methods: A double-blind, randomized trial was carried outwenty non-pregnant female volunteers.
Hemodynamic measurements were done under stanedrdanditions during kinetic steady state.
Cardiac output was measured with echocardiogralainge artery properties with an echo-tracking
device. The effect on the microcirculation wasreated using the total peripheral resistance index

(TPRI).

Results: Atosiban did not differ from placebo. With ritodeincardiac function increased with 79%
compared to placebo due to a rise in heart rat®)9IPRI decreased with 48%. Ritodrine increased
the distensibility of the common carotid arterym@2% and the compliance with 83%, independent
from blood pressure. Compliance of the common feramtery increased independently of pressure
with 33% and the distensibility with 59%. Aorticlpe wave velocity was not influenced by either

medication.

Conclusions: The present study shows potential beneficial vaseffects of ritodrine. which are
counterbalanced by the cardiac effects. Atosibamigeclinically relevant cardiovascular effects and

may be a good alternative for ritodrine in pregnaoinen at risk for cardiovascular complications.



List of Abbreviations (in order of appearance)

ICH: International Conference on Harmonisation
Kg: microgram

min: minute

ml: milliliter

mmHg: millimeter Mercury
SBP: systolic blood pressure
DBP diastolic blood pressure
MAP: mean arterial pressure
HR: heart rate

CO: cardiac output

D: diameter

MHz: Mega Hertz

SV: stroke volume

CSA: cross-sectional area
Ao: aorta

FVI: flow velocity index

BSA: body surface area

Cl: cardiac index

SI: stroke index



TPRI: total peripheral resistance index

PWV: pulse wave velocity

CCA: common carotid artery

CFA: common femoral artery

SSN: supra-sternal notch

CC: cross-sectional compliance

DC: distensibility coefficient

AA: systolic-diastolic change in arterial cross-satt

AP: local change in pulse pressure

PP: pulse pressure

As: arterial diameter at end-systole

Ap: arterial diameter at end-diastole

Ap: arterial cross-section at end-diastole

PWF: pressure waveforms

DCso: isobaric distensibility coefficient

CCiso: isobaric cross-sectional compliance

RAAS: Renin-Angiotensin-Aldosteron System



I ntroduction

Preterm labor is the most frequently reported cafigerinatal morbidity and mortality in the Wester

world.[1] Tocolytic medication can postpone deliu2]

Beta-2 adrenoceptor agonistic drugs have beenetfieeence tocolytic drugs in most countries.[1;3]
Their efficacy in prolonging pregnancy comparegblecebo is proven although no benefit in neonatal
morbidity or mortality has been demonstrated. Beimetics are not highly selective and have many
contraindications. Side-effects are frequent duleeta-1 and -2 adrenoceptor agonistic cardiovascula
effects. Even serious complications such as pulmyoedema and maternal death, though rare, have

been reported.[4]

Oxytocin receptor blockers are a new class of ygmodrugs. The oxytocin antagonist atosiban has
less side effects than beta-agonists.[5] Howeveas, no more effective than ritodrine and the b#énef
of safety has to be balanced against that of 6¢8}.A study of Ferriols et al. revealed that tloste
effectiveness obtained with the protocol includiitgdrine as first-choice drug was three times less
than when atosiban was used. In pregnant womenevtherlikelihood of developing acute pulmonary
oedema is high, or when cardiovascular risk is highg. preeclampsia, cardiomyopathies,
cardiovascular syndromes), atosiban may be an ppate alternative option.[8] Although large
studies using atosiban have been performed[4;8}etis mainly a subjective reporting of adverse

reactions during infusion and objective data wébard to cardiovascular effects are scarce.

To the best of our knowledge, the hemodynamic &ffea the heart and on the micro-and macro-
circulation have not been studied before in a sirgjudy.[10] We evaluated the acute effects of
therapeutic doses of ritodrine and atosiban ondfwessure, cardiac function, micro-circulatiorigto

peripheral resistance) and macro-circulation (laagery stiffness) in healthy non-pregnant female

volunteers.



Methods

Subjects

Twenty healthy non-pregnant female volunteers,eeithon-smokers or controlled smokersl(

cigarettes per day) with adequate non-uteral coefiton were recruited from the local population.
All participants gave written informed consent uganeening, organised within two weeks before the
planned first drug administration. They were app#ye healthy (no cardiovascular disease —
arrhythmias included, obstructive lung disease,omior kidney disease or diabetes mellitus).

Breastfeeding women or women with a severe addiatiere excluded.

Subjects were asked not to eat, smoke and drirfleicafcontaining beverages for at least 3 hours
before and during the measurements. They also daefriain from drinking alcohol for at least 10

hours before measurements.[11]

Design

A double-blind, randomised trial was carried outhat Drug Research Unit Ghent of the Ghent
University Hospital, Belgium. The study was apprbby the Ethics Committee of Ghent University
and conducted according to ICH Good Clinical Pcacéind the Declaration of Helsinki (last amended

in 2008 in Seoul).

Twenty female volunteers were given atosiban (DeE®, Ferring, Sweden) and placebo (Glucose
5%) intravenously, in random order. Eight of theergwrandomly chosen to also get ritodrine
(PrePar®, Eumedica, Belgium) in a single-blind whlye effects of drugs were compared after 95
minutes of infusion when kinetic steady state veaxhed for atosiban and ritodrine, being 15 minutes
after starting the highest dose (400pg/min) ofdritee. Hemodynamic measurements were done by
one investigator with the subjects in supine posiind under standardized conditions (derived from
the Task Force lll, clinical applications for aiéistiffness[11]) including a temperature contedll

room (22 £ 1 °C).



Medication

Each medication and placebo were infused for 12utes. Both atosiban and ritodrine were given
with glucose 5% as vehiculum. Atosiban was givea ebnstant dose of 300pg/min at a constant
infusion rate of 0.4ml/min. Ritodrine was givenamose escalation scheme starting with a dose of
100pg/min gradually upgraded to a dose of 400ug/ife infusion rate varied with each dosing step
(from 0.23 to 0.53ml/min). Glucose 5% was givempkEebo at a constant infusion rate of 0.4ml/min.
Dosing was based on previous studies using atosibatodrine[1;12-15] and on the manufacturers

prescriptionsEach period, the subjects received a total volurdBml.

Stopping criteria for dosing were: a heart rategase above 75% of the age-based maximal heart rate
or blood pressure changes from baseline of more3BanmHg for systolic (SBP) and 15 mmHg for
diastolic blood pressure (DBP); a SBP above 180 mmHess than 90 mmHg and DBP more than

110 mmHg. The infusion was also ended when theestibjiffered intolerable side effects.

M easur ements

Brachial blood pressure and heart rate

Semi-recumbent brachial SBP and DBP and heart(lF#®¢ were recorded at the right upper
arm opposite to the arm with the intravenous imfudine with a validated semi-automated
oscillometric device (OMRON 705IT, OMRON HealthcareHoofddorp, The
Netherlands[16] Mean arterial pressure (MAP) was calculated byiragdd0% of the pulse

pressure (PP) to the measured OBA.

Cardiac Output

Cardiac output (CO) was measured using echocaatibgr (AU5, Esaote, Genoa, Italy).
Measurements were performed in the left lateraltipms Aortic diameter (D) was measured
at least three times using pulsed ultrasound atVE& from a standard two-dimensional
long-axis parasternal view at the site of the aaatinulus; the median of these readings was
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used in the subsequent calculations. Aortic bloetbaity profiles (at least 5 beats) were
measured across the aortic valve with continuotragdund using an apical window. Stroke
volume (SV) was calculated from aortic cross-seeticarea (CS4) multiplied by the flow
velocity integral (FVI).

CSAqgwvas calculated asD%/4

SV = FVI x CSAo

CO = SV x HR (heart rate).
HR, as determined from the duration of the cardigcle on the FV[18] In our hands,
reproducibility of aortic diameter and the FVI egpsed as coefficient of variation was 4% and 6%

respectively.

To relate the heart function to body size, CO awdw®re divided by the body surface area
(BSA) which was calculated by the Dubois & Dubfaisnula[19] toget the cardiac index (CI)

and the stroke index (SI).

Microcirculation

The effects on the microcirculation were estimatsitig total peripheral resistance ind@PRlI)

which was calculated as MAP divided by the CI.

Macro-circulation
Large artery wall properties were assessed foatia using carotid-femoral pulse wave velocity
(PWV), and local distensibility and compliance wereasured at the right common carotid artery

(CCA) and right common femoral artery (CFA).

PWV was measured using a Sphygmocor® (AtCor Med&adiney, Australia) system. [20;21]
Surface distance between the two recording sitasmeasured in supine position using an
anthropometer and the supra-sternal notch (SSMfasence point: the distance CCA-to-SSN was

subtracted from the distance SSN-to-CFA.
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Arterial cross-sectional compliance (CC), a meastiteuffering capacity and distensibility coeffinie

(DC), a measure of elasticity, were calculatedoliewis:[22]

2 _ N2
CC:A_A:—I_I(DS Dd)
AP 4AP

A‘ 5 2 2
DC = A\i = (Ds B Dd)
AP DdZAP
WhereAA is the systolic-diastolic change in arterial &@®ction at a given locatioAP is the local
pulse pressure (PP) at a given locatiogisRhe arterial diameter at end-systolg;i®the arterial

diameter at end-diastoleyAs the arterial cross-section at end-diastole.

Arterial diameter distension waveforms were assegsth a wall-tracking vascular echoscanner
(Wall Track SystemEsaote, Genoa, 1tgly23] equipped with a 7.5-10 MHz linear-array. Wal
motion was tracked at the interface between meuisadventitia at both (near and far) walls, at 1-2
cm proximal to the bifurcation of the CCA and theAC Per location, the median of tree recordings,
each lasting for 5-6 seconds, was used for datgsasan our hands, reproducibility of diametedan
displacement expressed as coefficient of variatias 4% and 6% for the CCA and 3% and 7% for
CFA, respectively. Femoral and carotid pressureefams (PWFs) were recorded non-invasively
with a Sphygmocor® (AtCor Medical, Sydney, Aus@alj24] To obtain local blood pressure at the
CCA and CFA, calibration of the recorded PWFs veapiired. Calibration is based on the validated
assumption that DBP and MAP remain constant througthe large arteries, while SBP and PP (the

difference between SBP and DBP) change.[25]

Additionally, isobaric wall properties (expressedCGso and CGsco) were calculated for each subject.
The diameter and pressure waveforms were time-adigising the peak as reference point. The

resulting diameter-time recordings at CCA and CF&envanalysed off-line using Matlab®. In each
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subject, CC and DC were calculated over the bloedsure interval common in each treatment period
(the highest DBP and the lowest SBP). In this whag,direct drug-induced changes in distensibility

and compliance could be differentiated from thengfes resulting from a change in blood pressure.

Data analysis

The median of 3 measurements was used for datgsamabtatistics were done using IBM®
SPSS® version 18 (SPSS Inc., Chicago, United StalleEsmographic differences between
study groups were analysed using the non-paraniaim-Whitney U test.

The cardiovascular effects were analysed by the-pasametric Kruskal-Wallis test. If

statistically different (p< 0.1), a Mann-Whitneytést was run for 2-point comparison.

Results

Demographic data

At study entry, the subgroup of 8 subjects recghalso ritodrine did not differ statistically frotihne
whole group (n=20) (Table 1). All subjects receitied total amount of the planned dose, which was
300pg/min for atosiban and 400pg/min as the higihese for ritodrine. Most of the adverse drug
events were seen during ritodrine exposure, noradwaevents happened during placebo or atosiban

infusion (Table 2).

Hemodynamic data

The effects of the tocolytic drugs compared to @lecon cardiac function, blood pressure, micro- and

macrocirculation are shown in Table 3.

ClI with ritodrine increased significantly versuapébo (79%). This was due to an increase in heart
rate (91%) while stroke index did not change. Adstmation of atosiban did not change cardiac
index, stroke index or heart rate versus placebibher did it change blood pressure and total

peripheral resistance index. In contrast ritodimoeeased systolic blood pressure and heart rate,
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decreased diastolic blood pressure while meaniarfgessure did not change statistically. Ritodrin

also decreased total peripheral resistance with. 48%

The diameters of the CCA and the CFA were not érfeed by either treatment. Ritodrine had
significantly increased DC and CC of the CCA (628d 83%, resp.) and of the more muscular CFA
(59% and 33%, resp.). Since changes in blood pressun passively change arterial wall properties,
direct tocolytic drug effects were assessed atisolzonditions. Except for D&, of the CFA, which
tended to increase (55%), all isobaric parameter®mmed significantly increased with ritodrine
(DCiso and CGxp of the CCA 61% and 83%, respectively, and{g©Gf the CFA 28% ). Atosiban had
no significant effects on the arterial wall propestof the CCA and CFA. The PWV was not
influenced by ritodrine or atosiban but was posiicorrelated by MAP during ritodrine-infusion.

Re-analysis with the adjusted parameter, did rfaténce the outcome.

Discussion

To the best of our knowledge this is the first pla@-controlled, randomized study investigating the
effects of ritodrine and atosiban on cardiac funrctimicro-and macro-circulation in the same
study.[26-29] Ritodrine had large effects whilesdt@an showed no significant influences on the

cardiovascular system.

Like other studies cardiac index increased withdriine[30;31] and remained unchanged with
atosiban.[32] In the present study the increasedia@output with ritodrine was predominantly doe t
a beta mediated increase in heart rate, while strokexr{8¢ remained unchanged. The latter is not in
accordance with other data where an increasedesttalkime was found.[30;31] These studies refer to
data in pregnant women which had already a dealesisgke volume due to the pregnant uterus.[33]
The effect of ritodrine on stroke volume and stroldex was the net result of different effectsThg
direct betareceptor mediated increased cardiacamiility 2) and the decrease in afterload by the
decrease in TPRI would increase Sl, while 3) verblasation[30] had the opposite effect on Sl by a

decrease in cardiac filling and cardiac contragtilThe decrease in TPRI (almost 50%) with ritodrin
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is in line with other data[30;31] and is due togh@bediated vasodilation with ritodrine. The

“flushing” in some subjects with ritodrine was exfting this vasodilatation.

Ritodrine had effects on both the arterial wallgedies of the CCA as the CFA. These effects were
also present under isobaric conditions, indicafimirect (acute) effect of ritodrine on the arteria
walls of the CCA and CFA. This effect is at leaspart due to smooth muscle relaxation in the
arterial wall and is in line with the in vitro olygation on the umbilical artery by Dennedy et @4]
The large effect on the less muscular CCA is sona¢wtrprising and is correlated with the strong
vasodilation, although an ancillary acute mecharganmot fully be excluded.In contrast, stiffness of
the more elastic aorta, measured by pulse waveitgldid not change with ritodrine. However, a
small direct effect hidden by the indirect effestshanges in blood pressure and heart rate cald n
be expelled.[35We tested this hypothesis by correlating PWV wishtivo main confounders MAP
and HR. Only the MAP was positively correlated wit¥V/V/ but did not change the outcome after

correction for it (from 6.08 m/sec to 6.07 m/sec).

Clinical implications and study limitations

The present study was carried out in non pregnantem. It is not clear whether the present resnlts i
non pregnant women can be fully extrapolated taymaet women. Physiologic changes during
pregnancy like an increase in cardiac output, asdee in peripheral resistance[33;36] and modulatio
of oxytocin receptors during pregnancy[37;38] méterathe magnitude of the pharmacodynamic
effects. On the other hand, pain and stress dymiamature labour may also confound the effects of
tocolytic drugs. To elucidate these issues, thislystwould ideally be performed in late pregnant

women without signs of premature labour. But thag/rhe difficult because of ethical issues.

Some data-analyses were hampered by the small gapiyation on ritodrine. However, the observed
cardiovascular effects observed with ritodrine warge so that the main outcomes are not likelyeto

influenced by this small sample size.

Ritodrine has important effects on the cardiovascglystem. Since heart rate and Cl are almost

doubled in comparison with placebo, it may not be preferred drug in patients at risk of cardiac
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disorders, as the cardiovascular effects of betsriats could exacerbate underlying cardiovascular
disease.[30;31] Also very divergent effects of diine have been published like the effects on SBP
starting from systolic hypotension and ending wigh increased SBP like in the present

study.[31;39;40]

Potential beneficial effects of ritodrine may be tiigher arterial elasticity and buffering capaeibhd

the lower peripheral resistance. These effecttaagely due to a betaadrenergic mediated increase in
endothelial nitric oxide release[41], which mayesiate the peripheral vasoconstriction due to
endothelial dysfunction in cases of gestationalentgmsion or other vascular complications during
pregnancy. However, a potential beneficial effdaitoodrine may not be overestimated as this dsug
only given for a short period of time and as therioved beta-adrenergic mediated endothelial NO
release may not be present in subjects with aninegh&lO pathway.[41] The latter might be the case
in pregnancy since stimulated nitric oxide releass reduced in normal pregnancy and preeclampsia,
while vascular smooth muscle sensitivity to nitixide was not altered.[42] Moreover, in
hypertensive pregnancies, the circulating companeftthe RAAS (Renin-Angiotensin-Aldosteron
system) are decreased and since beta-agonistaseciee outflow of the RAAS[31;43;44], this could
aggravate endothelial dysfunction and due to lavgethe diastolic blood pressure, ritodrine may
compromise the flow towards the placenta.[45;46ddition, the potential beneficial vascular effect
of ritodrine appear to be counterbalanced by itdliea effects, which impels caution for the use of

ritodrine in cardiovascular complicated pregnancies

Atosiban, on the other hand, was shown to haveigwifisant cardiovascular effects which is in
agreement with previous findings. Our data addstauttial information by using more complex
cardiovascular measurements. However, the high obsttosiban and the similar tocolytic

effectiveness compared to ritodrine [5;47], make®t a cost-effective alternative for widespread.u

In conclusion, the present study shows potentiaiyeficial vascular effects of ritodrine. Theseefé

appear to be counterbalanced by the cardiac effEatse are no clinically relevant effects of abasi
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on the cardiovascular system. Since the tocolyffiecBveness is the same, atosiban may be a good

alternative for ritodrine in pregnant women withidiavascular complications.
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Table 1: Subjects’ characteristics at study entry

Parameters Characteristics

Age (years) 25+7 25+11 0.862

Height (m) 1.69+0.07 1.68+0.06 0.901

SBP (mmHg) 1017 1019 0.826

HR (bpm) 58+8 58+9 0.901

Twenty non-pregnant, healthy female volunteersiveckatosiban and placebo in a double-blinded wagreas
eight of them also received ritodrine in a singlieded way. All data are expressed as mean + stdnda
deviation, except for smoking history. BMI (Body Balndex); SBP (systolic blood pressure); DBP (dias

blood pressure); HR (heart rate); bpm (beats paute)
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Table 2: Adverse events during drug exposure.

Adver se event Ritodrine Atosiban Placebo
(n=8) (n=20) (n=20)

Tremor 3 0 0

Flushing 2 0 0




Table 3: Cardiovascular effects of ritodrine armsétan in healthy non-pregnant women.

Parameters Ritodrine (n=8)  Atosiban (n=20) Placebo (n=20) p-value’®
Cl (I.mint.m?) 3.15+0.97 1.85+0.58 1.76+0.47 0.001
SI (mL.m?) 2846 3146 3047 0.802
HR (bpm) 11126 59+10 58 +10 <0.001
TPRI (kPa.l.min™.m?) 1.63+0.58 3.03+1.01 3.12+0.84 <0.001
CCA diameter (mm) 6.52+0.93 6.25+0.63 6.23+0.66 00.4
DCcca (10%kPaY) 76.67+25.40 53.01+20.46 47.26x13.46 0.006
DCcca iso (10°kPa’) 72.49+25.17  52.39+20.55 44.98+12.40 0.007
CCcca (mnt.kPad) 2.55+0.9¢" 1.58+0.49 1.39+0.35 0.003
CCcca i1so (MnT.kPa") 2.45+0.91" 1.56+0.48 1.34+0.34 0.003
CFA diameter (mm) 7.77+1.13 8.18+1.07 8.27+0.81 0.615
DCcra (10°kPa") 32.47+16.18  19.40+9.19 20.4349.30 0.057
DCcra 150 (10%kPa") 30.69+15.09  19.17+9.22 19.83+9.12 0.112
CCcra (Mnt.kPah) 1.45+0.5% 0.94+0.37 1.09+0.56 0.057
CCcra iso(mnr.kPa") 1.3620.50" 0.93+0.37 1.06+0.55 0.075
PWV (m.s") 6.08+0.84 5.82+0.78 5.96+0.95 0.730
SBP (mmHg) 116x+17* 1058 10416 0.067
DBP (mmHg) 55+11" 69+6 68+5 0.004
MAP (mmHg) 7810 87+9 8515 0.226

Cl (cardiac index), Sl (stroke index), HR (heatejaTPRI (total peripheral resistance index), C€8mmon

carotid artery), CFA (common femoral artery), 8¢ (distensibility coefficient of the CCA); D&a iso
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(isobaric DC of the CCA); Cgza (compliance coefficient of the CCA); GEa iso (isobaric CC of the CCA);
DCcea(distensibility coefficient of the CFA); D&a 1so (isobaric DC of the CFA); C&a (compliance
coefficient of the CFA); Cgea_iso (isobaric CC of the CFA), SBP (systolic blood pua®), DBP (diastolic BP),
MAP (mean arterial pressure), PWV (pulse wave \ighac’Kruskal-Wallis test on all subjects, comparing ére
groups " significant versus atosibahsignificant versus placebo. All data are showmasn + standard

deviation.
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