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Résumé

Le phénoméne de Raynaud (RP) iatrogene est urté emtl connue, représentant pourtant
une des principales étiologies de RP secondaiiie. d&f synthétiser les connaissances sur le
sujet nous avons réalisé une revue systématiqua tiérature. L'approche mécanistique
utilisée nous a permis de mettre en évidence quwaies physiopathologiques principales.
Les données sont malheureusement peu fiables damsjbrité des cas et de nombreuses
guestions demeurent quant a la prévalence, langsdsm clinique et le traitement de ces PR
médicamenteux. Nous avons ensuite réalisé une amélgse en réseau dans le but de
déterminer la prévalence des vasoconstrictionppériques (PV) chez les patients prenant
des béta-bloquants et de mettre en évidence, ussbim différence entre chaque type de
béta-bloquant. Il ressort de cette étude une augtiem significative du risque de PV ainsi
gu’une hétérogénéité importante au sein de cadssel Ces observations remettent en cause

la pertinence des contre-indications de certaits-b®quants chez les patients atteints de PR.

Abstract

Drug-induced Raynaud’s phenomenon (RP) has long Gseociated with the use of different
classes, but its prevalence remains largely unknolnorder to synthesize available
knowledge on this topic we conducted a systemati®ew, by using a mechanistic approach.
We identified many drug classes and four main patlisiological pathways. However, the
level of evidence was poor in most cases and maegtmpns remain. We then focalized on
the example of beta-blockers and performed a n&twmogta-analysis (NMA). This NMA
aimed at assessing the prevalence of peripheratwoastrictions (PV) in patients taking beta-
blockers and to explore the potential differencemmg beta-blockers. Our study reveals
important heterogeneity among beta-blockers, withpmtective effect of intrinsic
sympathomimetic activity as compared witliaderenoceptors higher affinity. These results

challenge recommendations on the use of beta-biedkeatients presenting RP and PV.
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INTRODUCTION

Le phénomene décrit pour la premiére fois par M&ufRaynaud en 1862 comme une
« asphyxie des extrémités »est la traduction al@id’'une vasoconstriction paroxystique des
extrémités, en réponse a un stress environneméintadl, plus rarement humidité) ou
émotionnel. Le phénomene de Raynaud (RP) se tragliitguement par 3 phases
accompagnées d'un changement de couleur des ddigtsphase de vasoconstriction
excessive ou les doigts sont blancs, la phaseal®sg tissulaire ou ils sont bleus, et enfin la
phase de reperfusion hyperémique rouge, souvenbuteuse. Ces trois phases ne sont pas
systématiguement observées chez un méme patieme esont pas indispensables au
diagnostic. La durée d'un épisode varie de quelquiesites a plusieurs heures.

Le RP idiopathique ou primaire, souvent bénin getsa des variations géographiques
importantes, touche 4 a 6 % de la population gémérgec une prévalence supérieure chez les
femmes (jusqu'a 20 %). Plus rarement le RP pew@t €dcondaire a certaines pathologies
altérant la microcirculation périphérique, il pealbrs donner lieu a des complications plus
graves et induire ulcérations digitales et gangenkes connectivites (sclérodermie
systémique, lupus érythémateux disséminé..), lsswarites, une compression vasculaire,
une artériopathie, des pathologies induisant urpeiwscosité sanguine ou encore certains
médicaments peuvent étre des causes de PR seesndair

La physiopathologie du PR est multifactorielle, gbexe et encore imparfaitement connue a
ce jour. Les mécanismes impliqgués sont nombreda part de chacun varie en fonction de
I'étiologie de la maladie. L'origine iatrogene diR Rest décrite depuis plusieurs décennies,
initialement avec I'utilisation de composés de tghéorure de vinyle puis avec I'avénement

des premiers béta-bloquants dans les années 19e0rdprésente une des principales

12



étiologies de RP secondaire, probablement sousi&sten raison de la faible connaissance de
cet effet indésirable. De multiples classes méda#ruses sont soupgconnées d’aggraver ou
d’'induire un PR. Nous nous proposons donc ici dane tout d’abord une revue de la
littérature (Article 1), approfondissement d’un g&dent travail sur la pharmacologie du RP
(Annexel).

Dans un second temps nous nous focaliserons squeaous appellerons plus largement
vasoconstrictions périphériques (PV)qui englobestdcrosyndromes et RP induits par les
béta-bloquants. Cette classe médicamenteuse é&¢ mépuis de nombreuses années a
I'apparition de PV, d’ou la contre-indication dedmpart des béta-bloquants chez les patients
porteurs de RP en France. Plusieurs questionsssaiispourtant encore a I'heure actuelle.
Nous n’avons que tres peu de données fiables sprélaalence de RP chez les patients
prenants des béta bloquants et encore moins syvassible différence entre chaque type de
bétabloquant. Au sein de cette classe, il existe gmande hétérogénéité pharmacologique a
méme de modifier la capacité de chaque bété-bldaalliiaauire des PV. Cette différence n'a
pourtant jamais été mise en évidence avec certitBdeadoxalement, un grand nombre
d’essais cliniques impliqguant des béta-bloquant gté publiés dans la littérature depuis les
années 1960. Il doit donc étre possible d’utilises données afin de hiérarchiser le risque de
PV en fonction du type de propriétés pharmacolagggeecondaires de chaque béta-bloquant
et ainsi de rationaliser leurs précautions d’englBour répondre a cette question nous avons
réalisé une revue systématique de la littératurenet méta analyse en réseau de ces essais

cliniques (article 2).
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Introduction

Raynaud’s phenomenon (RP) is characterized byiéainsschemia of the extremities
in response to environmental stress or emotionslt(iypically manifests as changes of the
fingers, with pallor (vasospasm and decreased bftmyd), cyanosis (deoxygenation of the
static venous blood), and rubor (reperfusion),roiecompanied by pain. RP can be primary
(i.e. idiopathic) or secondary to an underlying smu In both cases, cutaneous

microcirculatory abnormalities are primarily invely in the pathophysiology of RP (2).

The prevalence of RP in the general populationegakietween 0.5 and 19%, with
major geographic variability (3—6).While primary RPthe most frequent form (80-90%) (7),
RP may also be secondary to various auto-immureasés (such as systemic sclerosis (SSc),
systemic lupus erythematosus, vasculitis, etc), ignmahcies, atherosclerosis or
hypothyroidism (1). Several drugs with peripheralsaular effects leading to decreased
microvascular perfusion may induce or aggravate RRIg-induced RP are probably

underestimated because of the limited knowledggisfside effect.

Literature reviews and textbooks usually mentiomgdrthat have long been known to
be responsible for RP. However, new signals aregngefrom numerous cases reports. Yet,
to our knowledge, no systematic review has beefopeed and little is known about the
prevalence and the level of evidence of drug-indug®. Our objective in the present work
was therefore to summarize available evidence angrapose a mechanistic approach of

drug-induced RP.

Methods

The MEDLINE database was searched for English anéhr language papers
published between January 1946 and May 2015 ubmdollowing search terms: "Raynaud

Disease/chemically induced"[MESH] and "raynaud$"[AKelonidine”, “betablocker”,”ergot

15



alkaloid”,  “dopaminergic  agonist”,  “Selective  sesoin-reuptake inhibitors”,
“Sympathomimetic drugs”,”chemotherapy” "Tyrosine kinase inhibitors”, “interferon”,
“cyclosporine”. Further relevant papers were idedi from the reference lists of retrieved

articles.

Results

1. Drugs enhancing vasoconstriction

1.1. Clonidine

RP induced by clonidine is a well-known side effed¢scribed such many years
although its frequency is not known (8). Clonidaneerts peripheral vasoconstriction through
az-adrenoceptor agonism, which has been suggestbd t major etiologic mechanism of
non-iatrogenic RP (1,9). Of note, skin vasoconstnic in response to local cooling is
mediated by the translocation ofc-adrenoceptors to the vascular smooth muscle cells
surface, through a pathway involving RhoA-Rho ken#$0). Because cold-amplifiegb-
adrenoceptor constrictive activity is increasedpatients with RP (9,11), clonidine may

potentiate the effect of cold on the occurrencRBf

1.2. Beta-blockers

Beta-blockers are a long known cause for drug-iedu®P, but data about its
prevalence are scarce. Analyze of the Framimghaartk¢udy identified beta-blockers use
as the most common cause of secondary RP (34.2%eafndary RP). A meta-analysis
published in 2012 that included 13 studies (101tZepts), found a prevalence of 14.7% in
patients receiving beta-blockers (4). However, issigvere old (1971 to 1984) and of varying
quality. A network meta-analysis of prospectivendamized controlled trials reveals a

prevalence of peripheral vasoconstriction amongepts treated with beta-blockers of 7%
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(1966/28072), whereas 4.6% (555/12060) and 1.79%/{3@92) of patients treated with

placebo or active control experienced this adveffezt, respectively (P<0.001) (Article 2).

The pathophysiology of this side effect remainslesac Studies exploring the effect
of beta-blockers on patients with a primary RPefito show any worsening of their
symptoms (12-15). There is no evident explanatoritis discrepancy, but studies are small

sample sized.

The influence of ancillary properties of beta-blerk (e.g intrinsic sympathomimetic
activity, B1-selectivity, vasodilator activity) should theoucsily influence their propensity to
induce peripheral vasoconstriction, although studeport conflicting results (15-18). The
recent network meta-analysis conducted by our grsuggests that the vasoconstrictor
sympathetic reflex mediated by baroreceptors iparse to the decreased cardiac output
would be involved, rather than a direct vasococstri effect mediated througif,-

adrenoceptors (Article 2).

1.3. Ergot alkaloids

Ergotamine and derivatives are used to treat nmgrdisorders and cluster headache
(19). They dbsplay affinity for a wide variety of receptors lnding those for 5-HT
(serotonin), dopamine, and noradrenaline. TB8y are partial agonist at various
serotoninergic receptors and the classical respohdédood vessels to 5-HT is contraction
(21). More precisely, they exert central vasocactstr effect through serotoninergic 5-
HT.s1p receptors, which are mostly in the cranial vessaald at therapeutic dose exert only a
weak constricting effect on peripheral blood ves$2P) Indeed, triptans which are selective
agonist 5-HTgpare not known to induce PV and RP. However 5d4jbnism seems to be
the main effector of their peripheral serotoninengasoconstrictor effect. Moreover, they are

az, ap adrenergic and dopaminergi¢ Bgonist. Numerous case reports illustrating tfesce

17



are found in the literature (23,24). However, actahility of ergot alkaloids in RP is difficult
to assess because of a significantly higher pragal®ef RP in migraine population (25,26).
Furthermore, the peripheral vascular manifestatiofsergot alkaloids are sometimes
interpreted as a RP. Although it is rarely obserfgd estimated incidence is 0.1%).

“Ergotism” rather manifests as prolonged vasocdcigin that may lead to gangrene.

1.4. Dopaminergic agonists

Some RP cases were exceptionally reported withusieeof bromocriptine, which is
also an ergot alkaloid (27-30). One case descalsvere RP with a vascular morphological
injury (presence of megacapillary on nailfold ckgdscopy) attributed to a 6 years treatment
by bromocriptine(29). Supposed pathophysiology d® khduced by bromocriptine is
dopaminergic D2 agonism, leading to peripheral asde of catecholamines resulting in
vasoconstriction. Direct activation of-adrenoceptor receptors by bromocriptine has been
described in pancreatic cells (31) and could erplacreased sensitivity to cold during
bromocriptine therapy. Microvascular injury withnlp term use of bromocriptine has also
been suspected (29). Of note, a large case-cattrdy (542 cases and 2155 controls) did not
support an association between dopamine agonistamanncreased risk of ischemic events
requiring hospitalization (32). However this stutdiyes not provide detailed information on

RP.

1.5. Selective serotonin-reuptake inhibitors (SSRIs)

Contradictory effects of SSRIs on peripheral vaactigity were observed. Indeed on
one side, SSRIs were proposed as a treatment BRPfollowing observation of patients
with erythromelalgia or RP relief with fluoxetinend sertraline (34), paroxetine and
escitalopram(35). On the other hand, observatioggested a positive link between RP and

SSRIs: fluoxetine (36,37), fluvoxamine (38), cifalam (39), milnacipran (40); and with the
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relief of erythromelalgia symptoms (41). The cadean emerging RP two days after
beginning a tergaserod treatment, a partial 3-B@rotonin receptor agonist, has also been

described (42).

Currently this discrepancy remains unexplained. &oauthors suggested that
endothelium damage is necessary for the developwieat vasoconstrictive effect during
SSRI treatment (43). In healthy vascular bed, & baen suggested that blocking serotonin
reuptake could increase free plasma serotonin otrat®n and produce, in stasis conditions,
a local serotonin accumulation, exacerbating a ea@sstriction through 5-Hilreceptors that
may worsen RP (39). Individual variability in metdibm or in signaling serotonin pathways

could also explain the variability in response 8R%s (33).

1.6. Simulants

Central stimulation of the dopaminergic and noradrgic system is responsible for
the peripheral release of catecholamines leadings$oconstriction. Cases of RP induced by
central nervous system stimulants have been rapt. A retrospective case-control study
has investigated whether medications used forrderhent of attention deficit hyperactivity
disorder (ADHD) were associated with the developmeinRP. Sixty-four children were
enrolled in the study (32 cases with RP and 32 agdssex matched control patients) and a
significant association between the presence of @B past or current use of ADHD
stimulants (methylphenidate and dextroamphetamineje found (45). Atomoxetin, a
selective noradrenaline reuptake inhibitarere excluding of this study because it wasn't
considered as a central nervous system stimulaweler the case of a dose dependent RP
emerging from the use of atomoxetin on a girl hecsently been described (46). And two
other cases of reboxetin, an inhibitor of noradiieneeuptake, were also described(42).

Amphetamine-like drugs had also been associatdu evitergence of RP and vasculopathy.
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Like phentermine, a weak sympathomimetic agentd us®st commonly as an appetite

suppressant in the treatment of obesity(47).

1.7. Sympathomimetics

A digital necrosis was described with the local wéelidocaine/epinephrine in a
patient with primary RP (48). In the same way, ¢hare limited data about sympathomimetic
nasal decongestants (pseudoephedrine, phenylephridewever, the pharmacologic
properties of these drugs and their poor clinicahddit leaded to contraindicate them in

patients with scleroderma-related RP (49).

Among non-medical drugs, cocaine abuse was rel@edP with ischemic finger
necrosis in a 37-year-old man (50). Cocaine hastenp vasoconstrictor effect through @n
adrenoceptor activity. It has also been shown ter aprostaglandin production with
disproportionate increases in thromboxane in rabbdothelium, with the consequences of
vasospasm, platelet activation and thrombus foongdil,52). Although in some cases
cocaine may induce RP, it is more likely to be ¢basequence of a Buerger-like syndrome

(53-55), as described with cannabis use (56,57).
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Figure 2 Schematic representation of some of the key nmesims contributing to the pathogen:

of iatrogenic Raynaud phenomenon
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2. Drugs damaging the endothelium

2.1. Cancer chemotherapies

The link between RP and chemotherapies has beatifideé a long time ago. First
descriptions of chemotherapy-induced RP were mladetesticular cancer treatments (58—
60). A 1995 study including 90 patients treatedhvaisplatin-based chemotherapy for more
than 1 year after testicular cancer therapy fourad 87% of them had developed RP after
four cycles of chemotherapies combining cisplableomycin and vinblastine (61). RP
typically appears 3 to 6 months after chemothestpsts, and often persists for several years
(62). Identified risk factors for the developmehR# in this study were high cumulative dose
of bleomycin and association of bleomycin with Vadiine rather than etoposide.
Furthermore, a trend for an increased prevalend@Poivas observed in patient who received
administration of bleomycin as a bolus comparedcaatinuous infusion. No significant
correlation was seen with the cumulative or sirtfgiees of cisplatin, etoposide or vinblastine,

serum magnesium levels during or after chemotheoajayhistory of smoking (61)

These results were confirmed by the follow-up otahort study including 739
patients treated for a testicular cancer betwe&2 B&d 1992. Patients were divided between
chemotherapy (n= 384) and non-chemotherapy (n=3Bbups. Prevalence of RP was
significantly higher among patient who received mbtherapy (20.7% versus 1.7%;
P<0.001)(63). Once again, a significant relatiopshietween the cumulative dose of
bleomycin and the prevalence of RP was found (OR8[2.286-3.388]; P<0,001). Thirteen
percent of patients still suffered of RP 10 yedisrdnaving received a cumulative bleomycin
dose <180000IU (corresponding approximately to 3xlesy of Cisplatin-Etoposide-
Bleomycin), 24.6% after a cumulative dose of 180100to 360 000IU, and 29% for a

cumulative dose >360 000IU. A large observatiortadyg (64) including 1409 testicular
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cancer survivors found a prevalence of RP amonghienotherapy group of 39%. These
cancer chemotherapy associated vinca alkaloidglatiis and bleomycin. The odds ratios for
Raynaud-like phenomena who received one to foulesyof chemotherapy compared with
those who received no chemotherapy were 2.9 [BR-3and 8.0 [4.4-14.7] if they received
more than 5 cycles of chemotherapy. These druge w0 used for Kaposi's sarcoma
treatment and RP was also described (65—-69). Nwless, emergence of a severe RP with
digital necrosis after a single cycle of doxorubjdbleomycin, vincristine, and dacarbazine
chemotherapy, with a cumulative dose of only 40,0000f bleomycin has also been
described (70). Cases describing the occurrendePoéfter local injection of bleomycin to

treat wart have also been reported (71-75).

Raynaud’s phenomenon has also been associatedigplatin-based chemotherapies
for testicular cancer (76). A recent meta-analgsicisplatin-based chemotherapies included
24 studies (n=2479 patients) and found a prevalefc®&P of 24% (17.5- 31.3) (72).
However, cisplatin was almost always associatetl bliomycin and vinca alkaloids making

it accountability difficult.

Among other cancer chemotherapies that could h@nsible for RP, there is limited
evidence for gemcitabine (78-80), vincristine (8b}luorouracil (82), oxaliplatin(83),
tegafur and uracil (84) and cyclophosphamide-metixate-5-fluorouracil adjuvant therapy

(85).

The pathophysiology of RP induced by cancer cheerafiies is not well understood,
and is probably multifactorial. Some studies shoardxaggerated respond to cold not only
in patients with RP, but also in patients withoumgér symptoms before testicular
chemotherapy (62,86). An increased central sympath&soconstrictor reflex and an

impaired vasomuscular, non-neurogenic auto-reguiatias highlighted on patient suffering
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of RP syndrome after chemotherapy when compareld the control group (patients after
chemotherapy without RP) (87). Currently, one of tmain hypothesized mechanism is
vascular damage induced by chemotherapy, whichcesliendothelial dysfunction that
persists after chemotherapy (63). Indeed, someoai88) showed that microalbuminuria,
considered to be a sign of endothelial damageagrsfieantly higher in patient who received
testicular cancer chemotherapy (83). Another suggbosiechanism is neurotoxicity of
chemotherapies affecting arteriolar tone regulatitarticularly through hypomagnesia related
to cisplatin administration leading to dysregulatmf vascular smooth muscle tone (77). It is
interesting to note that bleomycin is used to irdacslerodermic phenotype in animals (89).

Scleroderma is a major etiology of secondary Ragltsgqphenomenon.

2.2. Non-medical

Vinyl chloride exposure is long time related(90) R&®. The vascular endothelium
toxicity of vinyl chloride exposure has been shdwnangiographic studies of hand arteries
and by capillaroscopy(91,92). The prevalence ofiiRFnyl chloride workers ranges from 6
to 33%(93). In 1980 a prospective exposed/non-eeghasohort study showed a strong

association between vinyl chloride exposure andpr®.006)(94).
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Table 1.Most relevant prevalence and level of ewde(defined by HAS criteria) of the

association between each drug and RP

Mechanism Drugs Prevalence Level of evidence
Enhancing vasoconstriction  Clonidine Unknown C
Beta-blockers 7% A
Ergo alkaloids 0.1% C
Dopaminergic agonist Unknown C
SSRIs Unknown D
Sympathomimetic drugs Unknown B
Endothelial damage Chemotherapies 20,7-37% A
Vinyl Chloride 6-33% A
Drugs increasing blood Interferons 13.6% B
viscosity and enhancing Cyclosporine Unknown B

vasoconstriction

Unknown mechanism Tyrosine Kinase Inhibitors  Unknown D

3. Drugs increasing blood viscosity and enhancing vasonstriction

3.1. Interferons (IFN)

RP is a known side effect of treatment of intenfesupported by numerous cases reports
(36,95-103). On direct questioning of patientsieN [104), symptoms of RP are reported by
more than half of them. Analysis of 24 cases repoftRP associated to interferon (105)
highlighted that IFN is the most common substance implicated (n=14pvied by IFNy
(n=5) and IFNpB (n=3). The treatment period was variable and thétem 2 weeks to 49
months (mean: 15.5 months). Clinical findings varieom mild and transient vasospasm (1
hour after injection) to digital necrosis in 14 easOutcomes were known for 15 patients.

Spontaneous recovery was obtained for 50% of théser avithdrawn of the drug. The
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remaining patients needed specific medication aathputations were necessary, underlying
severity of this side effect. A recent meta-anal{id6) with 6 eligible studies and 183 patient

estimated prevalence of RP, on patients takingfaran, of 13.6% (95% CI 0.026- 0.313).

Pathophysiology of this side effect is not currentllly understood. However
numerous hypothesis have been proposed: a dirsgspastic effect (100,107), an increasing
levels of intracellular endothelial cells basicréiblast growth factor leading to proliferation
of these cells and increasing angiogenesis(108hction or exacerbation of a dormant
collagen disease(96). Although some cases repbR® anduced by interferons are described
without any dysimmunity trouble(109) it is knownathinterferon therapy can be related to
autoimmune disease (110,111). Increasing blood osigc by induction of serum
cryoprecipitate(112), deposition of immune compgé3)and arterial occlusion by thrombi
due to procoagulant activity of interferon(99,100)&@ also been proposed. A study on 108
patients with SSc found a higher level of IFN gamomapatients with RP associated, and
suggest a pathogenic role of INF-gamma in SSc matieith RP but this role still remain

unclear (114)

3.2. Cyclosporine

A study assessing the prevalence of RP in 100 tearesplanted patients treated with
cyclosporin monotherapy who were then convertgaréanisolone and azathioprine observed
development of de novo symptoms in 39% of patignts the introduction of cyclosporine,
and after withdrawal of cyclosporin symptoms impmdvn 89% (115). Moreover four cases
of RP induced by cyclosporine use have been destribhree of them emerged few days
after cyclosporine introduction and totally disappesl after cessation(116,117). The second
case was dose related but persisting of RP sympt@® observed after cessation on

cyclosporine (118). The mechanism of cyclosporingduced RP remains unclear. A
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vasospastic effect of cyclosporine on both macnat microcirculation has been shown(119).
Furthermore, change of the viscosity of blood, dase the deformability of red blood cells
and increase the aggregation of platelets couldl laésng induced by cyclosporine use and

participate to RP (116).

4. Unknown mechanism

4.1. Tyrosine kinase inhibitors

The relationship between tyrosine kinase inhibit¢f&l) and RP is complex.
Experimental studies have shown that receptors aviffrosine kinase activity receptors may
play a role in the exaggerated vasoconstrictioregpond to cold (120). On one hand, a pilot
study (121)including three SSc patient treated viil® mg/day of imatinib for 6 months
showed improvement of their RP (86). Indeed in gaatirent, RP was attenuated at around 3
months and had completely disappeared at 6 mo@tihghe other hand, the exact opposite
reaction has been described with other TKI. Emergenf a RP during the first week of
treatment with nilotinib has been described in patients (122). One of them experienced
improvement after the treatment was switch for imiat and recurrence of RP with the
reintroduction of nilotinib. Another patient expemced recurrent RP with nilotinib(123).
Erlotinib had also been suspected in the casepatiant who experienced digital necrosis 20
days after starting a 150mg daily oral treatme@8J1This 72 years old patient was suffering
from scleroderma and secondary RP. Successfulntesdtwas conducted with calcium
channel blockers, nitrates, and anti-platelet drddss role of erlotininib was scored as a

probable adverse drug reaction (7/10 on the Narscgte).

To our knowledge, no pathophysiologic mechanismbegs identified yet.

4.2. Other
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Within literature sporadic cases reports of RP mpoa#y induced by drugs can be
found. like two cases of fluorescein induced RP5(126), sulfasalazine (127,128), propofol
(129) amphotericin B(130)without being able to deii@e pathophysiological mechanism.
Some paradoxical reactions following repeated admation of iloprost (131) or

yohimbine(132), a selectiwe adrenergic antagonist, have even been described.

Conclusion

Raynaud’ phenomenon is complex, multifactorial antfully understood yet. Microvascular
impairment is a key feature of its pathophysiologid vasodilators such as calcium channel
blockers or phosphodiesterase-5 inhibitors have Ipeeposed as a treatment for RP. On the
other hand, vasoconstrictors have long been knamvmduce or aggravate RP. However,
drugs may induce RP through a variety of other rapidms that we have detailed in the
present review. Our research also highlights tlok t# available evidence regarding drug-
induced RP prevalence and clinical presentationemMthese treatments are started in patients
with history of RP a careful attention must be giand, if possible, alternative therapies,

which do not alter peripheral blood flow, shoulddessidered.
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Introduction

Beta-blockers are a long known cause for drug-ieduperipheral vasoconstriction (PV),
especially for Raynaud’s phenomenon (RP), whichldess described as an adverse effect of
beta-blockers forty years ago(133). Among the egjgls of the syndrome, beta-blockers
usually appear as the primary cause of drug-indiRfedn recent state-of-the-art reviews and
textbooks (1,21,134-136).

However, little is known about the exact prevalemdebeta-blocker induced peripheral
vasoconstriction. Analyze of the Framimgham Hetrtlg identified beta-blockers use as the
most common cause of secondary RP (34.2% of efiotifigsecondary RP)(137). More
recently, a meta-analysis including 13 studies fbun prevalence of 14.7% in patients
receiving beta-blockers(138). However, includedigtwere old (1971 to 1984) and of poor
methodological quality.

The mechanism leading to peripheral vasoconstrictrmluced by beta-blockers is also
unknown. The inhibition ofz-adrenoceptors, which are responsible for periphaatariolar
vasodilatation, has long been thought to be thenmmeEchanism. However, this hypothesis is
challenged by clinical observations of RP occurringpatients taking beta-blockers with
higher affinity with;-adrenoceptors (133,139), and by previous pharroggadtudies (14).
Moreover, the presence and the involvemerfi,eddrenoceptors in pathogenesis of RP is not
currently hypothesized (9). This led to contra-gadé non selective beta-blockers in patients
with RP. Another hypothesis would involve the vasmtrictor sympathetic reflex mediated
by baroreceptors in response to the decrease diacaputput following beta-blocker intake
(140). In accordance to this hypothesis, beta-dokvith intrinsic sympathomimetic activity
(ISA) should induce less peripheral vasoconstnictiBut limited evidence support this

hypothesis, and results are conflicting (12,15,16).
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The paradox is that a considerable amount of |laiaygjomized, controlled trials have been
conducted in the past decades, providing sufficemdence to clarify the implication of beta-
blockers peripheral vasoconstriction, and espsciall RP. In the past few years, the
development of sophisticated methods such as tmebioation of direct and indirect
comparisons in network meta-analyses has beenssfatltg applied to identify class adverse
drug events.

Our objective in the present work was thereforpegdorm a systematic review and a network
meta-analysis of randomized clinical trials to assine effect of beta-blockers on peripheral
vasoconstriction. We aimed at assessing the pmes@lef peripheral vasoconstriction induced

by beta-blockers and to compare the risk of eaah tir induce such adverse effect.

Methods

This systematic review complies with the PRISMAgferred Reporting Items for Systematic
Reviews and Meta-analysis) statement guideline )(1#ike protocol and systematic search
strategy of the review is documented online (PRSP Eegistry-CRD42014014374)

1. Study identification and selection

We searched randomized controlled trials (RCTH)eih blockers published in core clinical
journals in Pubmed database. The following betackas were explored: Acebutolol,
Atenolol, Betaxolol, Bisoprolol, Carvedilol, Celigol, Labetalol, Metoprolol, Nadolol,
Nebivolol, Oxprenolol, Pindolol, Propranolol, Satbhnd beta-blockers. Applied filters were
(Comparative Study [ptyp] OR Clinical Trial [ptyp]AND jsubsetaim [text]. We also
searched google scholar, the reference lists ef/aet Cochrane reviews (142-144) and the

reference list of the Trial Result-center (httpuAw.trialresultscenter.org). There were no

restrictions on language or publication date. Gneemver (CK) screened titles and abstracts

for inclusion. Then two reviewers (MR and CK) indepently reviewed the full-text of
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potentially relevant articles to determine inclusiasing a standardized form according
inclusion and exclusion criteria. Eligibility crita included parallel or crossover, randomized
controlled trials (RCTs) comparing the previousktdd beta blockers to a control groups
(placebo or any treatment) for at least 4 weeksrapdrting RP or any relevant symptom
linked to peripheral vasoconstriction.

Two authors (CK, MR) made independent assessmémiskoof bias using of the Cochrane
Handbook for Systemic Reviews of Interventions (148e rated the overall risk of bias for
each trial that was defined as high-risk if moranththree high-risk criteria were met,
moderate-risk if two to three high-risk criteria mamet, and low-risk if less than one high-
risk criteria was met.

Then, the same two reviewers independently exiladsta and appraised the quality and
content of included studies using the Grading afdR@mendation Assessment, Development
and Evaluation (GRADE) recommendations for netwarleta-analysis (146). These
recommendations permit to appraise the quality athedirect and indirect pairwise
comparisons of the NMA considering the average datlbias (147), inconsistency (148),
indirectness (149), imprecision (150) and publmatias (151). Finally we rated their quality
as very low, low, moderate or high. A special aitenwas carried on the way used to record

the side effects (spontaneous reporting, medisdl, Guestionnaire...).

The following data were extracted: year, sample,sizethodology, Raynaud phenomenon as
a non-inclusion criteria, indication, follow-up jpaif, beta-blocker characteristics
(international non-proprietary name, dosage anatrtrent duration), definitions of outcomes

(verbatim used), and frequency of outcomes (prexal@nd/or withdrawals).
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2. Statistical analysis

The network meta-regression was performed the fststal software (version 3.2.0) with
two complementary sets of tools: a frequentist aggin, allowing to perform meta-regression,
and a bayesian approach, allowing to compute raiakag and indirect effects.

In the frequentist approach, using the metafokpge, we used the arcsin transformation to
compare groups. It enables comparisons with emgitg without continuity corrections and
provides a narrow variance estimate(152). We alesgnt results using the classical log odd-
ratio for a simpler clinical meaning.

In the bayesian approach, using the gemtc package the rjags Gibbs sampler), we used
the log odd-ratio transformation using a +1 conitingorrection for empty cells. Indirect
comparisons were computed using the node-splittingalgorithm.
Confidence or credibility intervals, resp., areegivior all measures and represented in forest
plots.

The meta-regressions were performed using metgieiding the regression coefficient for

covariates of interest as well as the associatealye for non-zero testing.

Results

1. Characteristics of studies and patients

The literature search yielded a total of 2238 exiees. The main reasons for excluding
studies were that they were not randomized clirtigalls, in vitro studies. Thirty eight studies

fulfilled the eligibility criteria (153—-190). (Fige 2)
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Figure 2. Flow chart

All studies were randomized controlled trials wstindy durations ranging from 4 to 468
weeks and including 57 026 patients. Most of tfeswere multicenter and parallel,

conducted in Europe or North America and examinbdta-blocker as antihypertensive

treatment and included an active comparator (27/B&) more than half of them, the presence

of RP was a non-inclusion criterion (20/38). Chggistics of included studies are presented

in Table 2.
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Table 3. Study characteristics

Study Country Outcome Treatment N Methodology Exposition (weeks) Double blind RP symptonTifegim)
DiBianco 1982 USA Angor Acebutolol, propranololapébo 46 crossover N 9 (0] Cold extremities
Dahlof 2005 UK-Scandinavian HTA Atenolol,DHP 19257parallel o 287 N Peripheral coldness
Dahl6f2002 USA-UK-Scandinavian HTA Atenolol, IEC/AR 9193 parallel 209 (@] Cold extremities
Talseth 1991 Norway HTA Atenolol, alpha blocker 416  parallel N 157 (@] Peripheral ischemia
NASRC 1988 UK HTA Atenolol, DHP 410 parallel (0] 12 (0] Peripheral ischemia or pain
Ott 1987 Denmark HTA Atenolol, alpha blocker 126 rgfiel N 20 O Cold extremities
Fairhurst 1986 International HTA Atenolol, bevaolpplacebo 229 parallel N 12 e} Peripheral vascsilde effect
Helgeland 1986 Norway HTA Atenolol, IEC/ARA2, thidiue 400 parallel (¢] 14 (¢] Cold extremities

Rubin 1983 UK HTA Atenolol, placebo 85 parallel o 63 o Raynaud's Phenomenon
Julian 1982 UK IDM Sotalol, placebo 1456 parallel 26 (0] Cold extremities
Hansteen 1982 Norway IDM Propranolol, placebo 560 araltel 52 (@] Cold hand and feet
Persson 1995 Sweden IDM Metoprolol, xamoterol 121 parallel N 52 O Cold extremities
Greenberg 1984 UK HTA Propranolol, thiazidique cplao 7241 parallel N 256 N Raynaud's Phenomenon
BHATRG 1982 USA IDM Propranolol, placebo 3837 phaial O 109 (0] Cold hand, feet
Silberstein 2012 Norway Migraine Propranolol, place 191 parallel o 261 (¢] Peripheral coldness
Leren 1980 France Angor Propranolol, alpha blocker 23 crossover N 8 o cold hand and feet
Pascal 1987 USA VB Propranolol, placebo 230 pdralle (0] 62 N Raynaud Phenomenon
Moltzer 2010 Italy HTA Metoprolol, IEC/ARA2 16 cresver o 16 N Cold extremities

Metra 2001 Scotland IC Metoprolol, carvedilol 150 arallel (@) 100 (0] Raynaud phenomenon
Herrick 1989 UK HTA Atenolol, IEC/ARA2 162 parallel (@] 12 (@] Cold extremities

Taylor SH 1982 UK IC Oxprenolol, placebo 1103 pletal N 209 O Cold extremities
UKPDS 1998 Germany DT2 Atenolol, IEC/ARA2 758 péehl N 438 O Cold hand and feet

The DTS Group 1993 Europe IDM Atenolol,placebo 1473 parallel o 157 (¢] Cold extremities

The IPPPSH Group 1985 Sweden HTA Oxprenolol, face 6357 parallel N 209 (¢] Cold extremities
Ekbom T 1992 Sweden HTA Metoprolol, atenolol, piledoplacebo 1021 parallel N 52 o Cold hand and fee
Garden OJ 1990 UK VB Propranolol, placebo 81 parall N 104 (0] Cold extremities
Nielsen 1997 Denmark HTA Atenolol, IEC/ARA2 36 piderb. N 183 N Cold extremities
Beevers 1991 UK HTA Atenolol, IEC/ARA2, placebo 288 parallel (@] 8 (o] Cold extremities
Khattar 2001 UK IC Carvedilol, IEC/ARA2 57 parallel N 12 O Cold peripheries

Mc Neil 1979 Australia HTA Metoprolol, pindolol, ertolol, labetalol 29 crossover N 10 (e} Cold extrésit

Pasotti 1982 Italy HTA Pindolol, metoprolol 16 csoser o 12 o Cold extremities

lliuta 2009 Romania CABPG Betaxolol, metoprolol 235 parallel N 4 (e] Cold extremities
Vandenburg 1984 UK HTA Propranolol, alpha blocker 60 parallel (0] 10 N Cold extremities

Detry 1994 International Angor Propranolol, Tringtine 149 parallel O 12 (@] Cold extremities
Salonen 1992 Finland HTA Betaxolol, placebo 60 S008I N 4 (@] Cold hand and feet
Biihler 1986 Europe HTA Bisoprolol, atenolol 94 oger O (0] Cold extremities

De Muinck 1992 Europe Nord Angor Bisoprolol, atexiol 175 parallel N 12 (0] Cold extremities
Pedersen 1976 Denmark HTA Metoprolol, Thiazidique 20 crossover N 8 o Cold extremities
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Studies included were crossover studies in 7 c&&sof a total of 38 trials, 32 were double blinbile 6

were single blind. The risk of bias of includeddsés was appraised considering allocation concedlme

blinding, accounting of patients and outcome evesgkective outcome reporting or carryover eff@cts

DiBianco 1982
Dahlof 2005
Dahlof 2002
Talseth 1991
NASRC 1988
Ott 1987
Fairhurst 1987
Helgeland 1986
Rubin 1983
Julian 1982
Hansteen 1982
Persson 1995
Greenberg 1984
BHATRG 1982
Silberstein 2012
Leren 1980
Pascal 1987
Moltzer 2010
Metra 2000
Herrick 1989
Taylor SH 1982
UKPDS 39 1998
The DTS Group 1993
The IPPPSH Group 1985
Ekbom T 1992
Garden 0OJ 1990
Nielsen 1997
Beevers 1991
Khattar 2001

Mc Neil 1979
Pasotti 1982
lliuta 2009
Vanderburg 1984
Detry 1994
Salonen 1992
Bihler 1986

De Muinck 1992
Pedersen 1976

Randomsequencegeneration

Allocation concealment

Figure 3.The risk of bias summary.

Blinding participant/personnel

Blindingoutcomeassessment

Incompleteoutcome data

Selectivereporting

Other biais

crossover trial.(145,147) This risk of bias was
widely irregular between studies, 8 studies
were considered as high risk of bias whereas
methodology was considered as high quality

for 8 included studies too (Figure 3).

+= Low risk of bias; - = high risk of bias; ? = Uear risk of bias
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2. Network and methodological quality of available corparisons

34 direct comparisons between beta-blockers antraitsrwere available. Controls mostly
include placebo, ACE/ARB,a blockers and thiazide diuretic. Network of avaiéab

comparisons is represented in Figure 4.

— Blol a@r
DHP Afenalo

LoI PrIoI
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.
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y |
B ta?(g ol @'
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i$oprglo " Oxgrin lol

’\ S
C{ved}lol @I
Figure 4 Network of available comparisons between the diffietbeta-blockers and controls.

Size of node is proportional to number of trialstiggpants and thickness of the lines is

proportional to number of trials that included theect comparisons.

We used and followed GRADE recommendation to apprand rate the quality of evidence
of our network meta-analysis. This approach alleasmating the risk of bias of each direct
and indirect comparison across the NMA. The resatéspresented in Supplementary Table

S1.
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3. Peripheral vasoconstriction induced by beta-blockes

The prevalence of PV among patients treated witta-bockers was 7% (1966/28072),
whereas 4.6% (555/12060) and 1.7% (305/17492) téma treated with placebo or active
control experienced PV, respectively (P<0.001).

Network meta-analysis of direct and indirect congmars between the different beta-blockers
revealed differences between drugs (Figure 3; smpghtary Figure S2). Propranolol
(OR=3.0 [1.4-6.6], high quality evidence), ateno{@R=2.0 [0.9-4.7], moderate quality

evidence) and metoprolol (OR=1.7 [0.47-4.8], highalgy evidence) were significantly

associated with an increase of RP or cold extremitfatenolol and metoprolol were

significantly associated with PV in the Arcsin mbdet not in the Bayesian model which

resulted the OR and the credible intervals).

Placebo " 0.00[ 0.00,0.00]
ablocker [ = — -0.09[-024,0.06]
Trimetazidine [ = | -0.04[-0.27,0.20]
DHP —a—— -003[-014,007]
Thiazidigue l—r—| -0.02[-010,006]
RAASI ——t ~0.01[-009,007]
Pindolol — . -0.06 [-0.18, 0.07]
Oxprenalol |——-—| 0.02[-0.06,0.10]
Acebutolol | . 0.02[-0.17,0.21]
Bevantolol [ o | 0.03[-0.10 ,017]
Labetalol | = | 0.04[-0.16,0.24]
Bisoprolol [ ¥ ! 008[-0.08,024]
Atenolol J— 0.09[ 0.03,0.15]
Sotalol A S — 0.10[-002,022]
Propranolol R 0.10[ 0.05,0.15]
Metoprolol —e—— 0.12[ 0.02,0.22]
Betaxolol = : 0.14[ 0.00,0.27]
Carvedilol | = 0.16 [-0.04 ,0.37]
I T ] T 1
-0.40 -0.20 0.00 0.20 0.40

Observed Outcome

Figure 5. Forest plot, effect size estimated through theimuti$ference.
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4. Influence of pharmacologic properties of beta bloc&rs on PV

Into assess the influence of the different pharrwago properties of beta blockers on the risk
of PV we categorized beta-blockers in 4 groups (IBfselectivity, vasodilators, and non-
selectives), depending of their secondary prope(peesented in Table 3). Prevalence of PV
in each group was 1.1 % [0.5-1.8], 3.9 % [3.3-46l4 % [6.1-6.8], 11.5 % [10.6-12.4]
respectively.

Then we performed a meta-analysis of these 4 greepsus placebo, in a random effect
model. Results in Figure 5. Only beta-blockers owgrap;selectivity and the non-selectives

beta-blockers were linked to an increase of PV arexbto placebo (Figure6).

Odds Ratio

Property OR [95%ClI] M-H, Random effect, 95%Cl

Vasodilator activity 0.24[0.13, 0.44] _— .

ISA 0.83 [0.69, 1.00] ——

B1l-selectivity 1.43[1.29, 1.59] -

None 2.70[2.39, 3.04] -

TOTAL 1.01 [0.55, 1.84] *—
i i 1 L
T T L} L}

0.2 0.5 1 2 5

«€— Favors beta-blockers Favors placebo —>»

Figure 6. Results of sub-group analysis versus placebo wsiagdom effect model.

5. Sensitivity analyses: way to report RP, latitude, dsage, indication, year of

publication.

Prevalence of PV widely fluctuates according to sy to report unwanted effect: 13, 47%
with a questionnaire and 6.02% with spontaneousrteim the population taking beta-
blockers. In the placebo group it is 8.1% with asjionnaire and 4.84% on spontaneous

report.

39



We also performed a meta-regression model conaglesequentially study latitude, drug
indication, drug doses and year of publication. &ach of these covariates, we show the p-

value of the significance of this covariate in theta-regression model.

Latitude (P=0.18)

Dosage: low (P=0.67), normal (P=0.86), high (P=0.82).

Indication: variceal bleedin@P=0.71), hypertensiorfP=0.24), ischemigP=0.27)

Year of publication (P=0.19)

All these sensitivity analysis were not conclusive.

Discussion

In our study 7% of the 28072 patients taking béta#ers suffered from RP or cold
extremities, whereas they were only 4.6% under gilac We show that beta-blockers
represent a highly heterogeneous family regardiegr tpropensity to induce RP, and those
ancillary properties such as vasodilator effediS# are protective.

The present work brings additional information abthe prevalence of peripheral
vasoconstriction induced by beta-blockers. The glemce of 7% of PV found in our study is
lower than in the studies assessing it in the genapulation. A general practice based study
in the UK found that 14.5% of patients respondiagatpostal survey and 19% of patients
attending surgeries have RP related symptomsA(Spmmunity based study from the US
reported RP in 11% of women and 8% of men (6). dilesalence of 14.7% of RP in patients
receiving beta-blockers found in the 2012 metayammswas also close higher (138). Included
studies were clinical-, cohort-, or case-controldgts and for most of them RP symptoms

were also reported using a questionnaire. Firstast of included studies in the NMA RP
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was an exclusion criteria (20/38). Secondly, thessessments were realized using
guestionnaire describing symptoms of RP and theselts are close to those found among
included studies reporting side effects with a ¢oesaire (13.5%)
(161,162,176,177,179,182,188). Thirdly, there was important heterogeneity between
studies, the most striking example being atenédolywhich the prevalence of PV ranged from
0 to 84% (172,179). This wide variability transktéfferences in the definition of RP or cold
extremities and, in most cases, to the lack of aibje criteria to assess peripheral
vasoconstriction. Moreover the variability of geayginic locations is known to influence the
prevalence of RP (191) although it was not sigaifian our study.

All beta-blockers share a common feature relatovéheir action ap;-adrenoceptors
producing the cardiovascular effects. However, tthéfer in their affinity for the subtypes of
B-adrenoceptors, as well as in their actions on roteeeptors and subsequent ancillary
properties. For example, propranolol and other seleetive beta-blockers also exert an
antagonist effect ofi;-adrenoceptors, which has long been thought tohbecause of PV
induced by beta-blockers. However, our study shihas drugs with higher affinity for beta
than forp,-adrenoceptors, such as metoprolol and atenoks, iatluce significantly more RP

than placebo.
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Beta-blocker Bl-selectivity ISA*  MSA Vasodilator activity Half life Mean usual Clinical application USA Clin France
*x (hours) hypertension dose
(mg/d)
Propranolol 0 0 ++ 0 3.5-6 160 Hypertension, angina No Yes
Nadolol 0 0 0 0 14-24 160 pectoris, migraine, No Yes
Sotalol 0 0 0 0 12 160-320 hyperthyroidism, No Yes
arrhythmias
Metoprolol + 0 0 0 34 100-200 Hypertension, angina Severe form Severe form
Atenolol + 0 0 0 6-9 50-100 pectoris, arrhythmias Precaution Severe form
Betaxolol + 0 0 C4&" entry blockade 14-22 20 No Severe form
Nebivolol + 0 0 Nitricoxide release 11-30 5-10 Precaution Severe form
Bisoprolol + 0 0 0 9-12 5-10 Precaution Severe form
Bevantolol + 0 + asreceptor blockade 2 150-300 No AMM No AMM
Cd™ entry blockade
Xamoterol + + 0 0 No AMM No AMM
Pindolol 0 ++ 0 0 3-4 15 Hypertension, migraine, No Yes
Acebutolol + + + 0 3-4 400 arrhythmias Precaution Severe form
Oxprenolol 0 + + 0 1-2 320 No AMM Yes
Celiprolol + + - Boreceptoragonist 4-5 200-400 No AMM No
Nitricoxide release
Carvedilol 0 0 0 asreceptor blockade 7-10 25-50 Heart failure Precaution Yes
Cd™ entry blockade
Antioxidant activity
Labetalol 0 0 0 ayreceptor blockade 5 400 HTA No No

Table 4. Beta-blockers characteristics. We excluzdblockers used only for ophthalmic use in FeaAdprenolol, carteolol, levobunolol,

metipranolol, penbutolol and timolol. 0 = absentaw; + = moderate; ++ = high; — = no informatidnSA=Intrinsec sympathomimetic

activity;** MSA = Membrane-stabilising activity

42



Cold hand and RP were promptly linked to the ustheffirst beta-blocker, propranolol (192)
Propranolol is a non-selectiik and 3, antagonist devoid of ISA and vasodilator activity.
Influence of B,-adrenoceptors was first incriminated in the pakiysmlogy of cold hand
related to beta-blocker intake. Indggdadrenoceptors are the source of a vasodilatordbne
blood vessel in skeletal muscle. However, no ssliywed a difference in the frequency of
the feeling of cold hand and tiRg-selectivity property of beta-blockers (17,193,194ter a
link between ISA and the reduction of the feelinfgcold hand was hypothesized. Beta-
blockers devoid of ISA induced when started a xefl@asoconstriction mediated by the
baroreceptors and proportional to the reductiothefcardiac output. The lack of difference
between beta blockers with or withditselectivity supposes that this reflex is mediatgd
vasoconstrictorsy; and a, adrenoceptors. Beta-blockers owning ISA induced fedl in
cardiac output and did not produce this reflex a$oconstriction (140,195). Pindolol is the
most important beta-blocker with this property doled by acebutolol, celiprolol and
oxprenolol. These beta-blockers are those who iedllEast cold extremities symptoms in our
study. Not only this reflex of vasoconstrictionalssent but studies even observed a decrease
of peripheral vascular resistance on patients ¢pkigta blockers with a strong ISA (140,195).
A study explored the local heamodynamic effect ioidplol in healthy volunteers and the
change in the forearm blood flow (FBF) in respomsenfusion of beta-blockers in the
brachial artery. They observed a dose dependentase of the FBF following pindolol
infusion without inducing changes in hearth ratebtmod pressure. This increase of FBF
induced by pindolol was reduced by concomitant sidn of propranolol but not totally,
suggesting an additional local effect on vascutan@h muscle tone (196). These studies
were followed byin vitro experimentations who showed that the ISA of pinbd@doso

important that stimulation di, adrenoceptors is produced, leading to vasodilatatitere as
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well, the relaxation produced by pindolol or cetilm could be antagonized but not abolished
by pretreatment with propranolol or sotalol.(1979)1Blowever no evidence of involvement
of oy anday, subtypes receptors to pindolol vasodilator agtiwas highlighted and they also
suggested an additional local effect on vasculawsammuscle tone. In our study bevantalol
and labetalol two beta blockers owning a vasodilattivity througho, antagonism belongs
to the beta blockers who induce least PV. Obsaman line with the implication of these
receptors in the pathophysiology of beta blocker.R\hould be noted that involvement of
this a, adrenoceptor function is one of the main etiologiechanisms of non-iatrogenic
RP.(1)

The clinical relevance of ISA was highlighted foraeple in a double blind double dummy
randomized crossover study (n=39) comparing piddolpropranolol the symptoms severity
of cold extremities was significantly reduced dgrwindolol period compared with placebo
period and increased during propranolol period) A 8K study including 7659 patients with
hypertension in general practice found that thérfgeof cold extremities is more pronounced
in patients taking beta-blockers than other hympsitee treatment (4.1% vs 0.2% ), notably
those taking beta-blockers with ISA complained lesguently than those on beta blockers
without (3.1% vs 5.2%)(17).

Surprisingly, all studies exploring the effect adté blockers on patients with a primary RP
failed to show worsening of their symptoms. Inde2d 994 review of peripheral vascular
effect of beta-blocker(140) conclude that theradsevidence of any adverse effects of beta-
blocker treatment on peripheral circulation withgue-existing peripheral vascular disease.
Furthermore, in accordance to this model beta-lckwith intrinsic sympathomimetic
activity should theoretically provide less RP. Bugailable data didn’t found any difference in
the prevalence of cold extremities among patientsatprenolol, atenolol, metoprolol,

pindolol and propranolol.(16) Furthermore, no diéfece in onset of RP in controlled clinical
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trials was shown between beta-blockers and plackba. crossover, randomized, double-
blind clinical trial, on normotensive patients sirfhg from primary Raynaud phenomenon
(n=16), crisis frequency and digital blood flow Wwetn metoprolol, propranolol or placebo
were comparable(12). Another double-blind, rand@ujzplacebo-controlled study patients
with a primary RP, had investigated the effectgmpranolol, metoprolol, and pindolol on
finger skin temperature and blood flow. They didMdund any difference between
nonselective beta-blocker propranolol, tha-selective beta-blocker metoprolol, the
nonselective beta-blocker ISA pindolol and of plamél4) Another crossover, double blind,
trial on hypertensive patients with primary RP dat found worsening of symptoms between
placebo and propranolol or labetalol period (159t ®e know that pathophysiology of RP is
complex, mediated through a wide variety of mecdrmsi and vasospastic attacks were
observed even after nerve block (200).

The results of this work challenge the relevancehef contraindication of beta-blockers in
primary RP. In France, carvedilol, nadolol, oxpeh pindolol, propranolol and sotalol are
contraindicated with RP; acebutolol, betaxolol,opi®lol, metoprolol, nebivolol only in
severe forms; whereas celiprolol and labetalohatecontraindicated.

Network meta-analysis is a relevant approach inrrphaovigilance, especially to test the
homogeneity of a class adverse effect. Although thethodological approach is becoming
more accessible thanks to the availability of datdid statistic packages, it is still under used
in safety studies. In parallel, the developmemmiroaches and recommendations to appraise
the quality of a treatment effect estimated frotNMA participate to standardize practices.
To our knowledge this is the first NMA with a safepurpose following the GRADE
recommendation to assess the quality of direct iaddect comparisons. This approach
includes assessment of 5 items for each pairwismpadason (risk of bias(147),

inconsistency(148), indirectness(149) and imprenidi50) and publication bias(151)) to
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raise quality of evidence and had to be adaptedutosafety studies. In our study each
pairwise comparison risk of bias was assessed anlight of the weight of each study
involved, as advised in GRADE recommendations. @llgbthe risk of bias was relatively
low in study included and fortunately the best rodtilogical studies were the larger trials.
Heterogeneity was >40% in only 2/35 pairwise conguoer reflecting coherence of our
results. However, the GRADE result table do notrsees readable and this homogenous
presentation include in fact aggregation resultasostudies as pairwise comparison present
the NMA.

Limits

The findings from our analysis should be considendeyht of its limitations. We reduce our
literature searches in Pubmed database and caratlijournal leading possibly to a
publication bias. However this study did not aintedassess an efficacy criterion of beta-
blockers, and we suppose that no clinical trial wagublished or stopped because of RP or
cold extremities.

We were unable to consider all beta-blocker drugsur analysis: large scale randomized
controlled trials are lacking for most of the oldeugs and even for some newer ones.

Conclusion

Peripheral vasoconstriction induced by beta-blogksra long time known side effect, and
this network meta-analysis provides further evidetitat it should not be considered as a
homogeneous class effect. Ancillary properties d8é¢hand vasodilator effect are protective.
On the other hand, higher affinity f@-adrenoceptors does not protect from RP, which

challenges current recommendations and contraatdits.
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SUPPLEMENTARY INFORMATION

Table S1 Quality ratings following GRADE recommendatioas €omparison of peripheral

vasoconstriction induced by beta-blockers.

Direct evidence Indirect evidence Network meta-analysis

Comparison Quality of Quality of Quality of
evidence evidence evidence

Acebutolol Alpha blocker Very low Very low
Acebutolov Atenolol Low Low
Acebutololv Betaxolol Low Low
Acebutolo Bevantolol Very low Very low
Acebutolol Bisoprolol Very low Very low
AcebutoloV Carvedilol Very low Very low
Acebutoloiy CCB Very low Very low
Acebutololr ACE/ARB Very low Very low
Acebutolol Labetalol Very low Very low
Acebutololy Metoprolol Low Low
Acebutololy Metoprolol Low Low
Acebutolol Pindolol Low Low
Acebutolol Placebo Lowzt High High
AcebutoloV Propranolol Moderatet High High
Acebutolol Sotalol Low Low
Acebutolol/Thiazidique Low Low
Acebutolol Trimetazidine Very low Very low
Acebutololy Xamoterol Very low Very low
Alpha blockerv Atenolol Moderate* Moderate Moderate
Alpha blockerv Betaxolol Very low Very low
Alpha blockervBevantolol Very low Very low
Alpha blockervBisoprolol Moderate Moderate
Alpha blockervCarvedilol Very low Very low
Alpha blockerv CCB Moderate Moderate
Alpha blockerv ACE/ARB Moderate Moderate
Alpha blockerv Labetalol Moderate Moderate
Alpha blockerv Metoprolol Moderate Moderate
Alpha blockerv Oxprenolol Very low Very low
Alpha blockerv Pindolol Moderate Moderate
Alpha blockerv Placebo Moderate Moderate
Alpha blockerv Propranolol Very low** } Low Low
Alpha blockerv Sotalol Very low Very low
Alpha blockerv TD Low Low
Alpha blockerv Trimetazidine Very low Very low
Alpha blockerv Xamoterol Very low Very low
Atenololv Betaxolol Low Low
Atenololv Bevantolol Very low**, T Low Low
Atenololv Bisoprolol High High High
Atenololv Carvedilol Low Low
Atenololv CCB High High High
Atenololv ACE/ARB Moderate* Moderate Moderate
Atenololv Labetalol Moderatet High High
Atenololv Metoprolol Moderatet High High
Atenololv Oxprenolol Low Low
Atenololv Pindolol High High High
Atenololv Placebo Moderate* Moderate Moderate
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Atenololv Propranolol
Atenololv Sotalol
Atenololv Thiazidique Low**
Atenololv Trimetazidine
Atenololv Xamoterol
Betaxolols Bevantolol
Betaxolols Bisoprolol
Betaxolol Carvedilol
Betaxololy CCB
Betaxololy ACE/ARB
Betaxolol Labetalol
Betaxolols Metoprolol Moderate*
Betaxolols Oxprenolol
Betaxolol Pindolol
Betaxolol Placebo Lowt
Betaxolols Propranolol
Betaxolols Sotalol
Betaxolol Thiazidique
Betaxolol/Trimetazidine
Betaxolols Xamoterol
BevantoloV Bisoprolol
BevantoloV Carvedilol
Bevantolov CCB
BevantoloV ACE/ARB
Bevantolol Labetalol
BevantoloV Metoprolol
BevantoloV Oxprenolol
BevantoloV Pindolol
BevantoloV Placebo Very low**, T
Bevantololv Propranolol
BevantoloV Sotalol
BevantoloV Thiazidique
BevantoloV Trimetazidine
BevantoloV Xamoterol
Bisoprolol Carvedilol
Bisoprolol CCB
Bisoprolov ACE/ARB
Bisoprolol Labetalol
Bisoprolol Metoprolol
Bisoprolol Oxprenolol
Bisoprolol Pindolol
Bisoprolol Placebo
Bisoprolol Propranolol
Bisoprolol Sotalol
Bisoprolol Thiazidique
Bisoprolol Trimetazidine
Bisoprolol Xamoterol
Carvedilo CCB

Carvedilov ACE/ARB Low*, T
Carvedilol Labetalol
Carvediloly Metoprolol Low*, T

Carvediloly Oxprenolol
Carvedilol Pindolol
Carvedilolr Placebo
Carvedilol Propranolol
Carvedilolr Sotalol
Carvedilol Thiazidique
Carvedilol Trimetazidine
Carvediloly Xamoterol
CCBv ACE/ARB

Low
Moderate
Low
Very low
Moderate
Very low
Very low
Low
Very low
Very low
Moderate
High
Low
Low
High
Low
Low
Low
Very low
Moderate
Very low
Very low
Very low
Very low
Very low
Very low
Very low
Very low
Low
Very low
Very low
Very low
Very low
Very low
Very low
High
Moderate
Moderate
Moderate
Very low
Moderate
Moderate
Very low
Very low
Low
Very low
Very low
Very low
Moderate
Low
Moderate
Very low
Low
Low
Very low
Very low
Low
Very low
Low
Moderate

Low
Moderate
Low
Very low
Moderate
Very low
Very low
Low
Very low
Very low
Moderate
High
Low
Low
High
Low
Low
Low
Very low
Moderate
Very low
Very low
Very low
Very low
Very low
Very low
Very low
Very low
Low
Very low
Very low
Very low
Very low
Very low
Very low
High
Moderate
Moderate
Moderate
Very low
Moderate
Moderate
Very low
Very low
Low
Very low
Very low
Very low
Moderate
Low
Moderate
Very low
Low
Low
Very low
Very low
Low
Very low
Low
Moderate
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CCBv Labetalol

CCB v Metoprolol

CCB v Oxprenolol

CCBv Pindolol

CCByvV Placebo

CCB vV Propranolol

CCBv Sotalol

CCB Vv Thiazidique

CCBv Trimetazidine

CCB v Xamoterol

ACE/ARB v Labetalol

ACE/ARB v Metoprolol Very low** I
ACE/ARB v Oxprenolol

ACE/ARB v Pindolol

ACE/ARB v Placebo Very low*,F
ACE/ARB v Propranolol

ACE/ARB v Sotalol

ACE/ARB v Thiazidique Very low**, T
ACE/ARB v Trimetazidine

ACE/ARB v Xamoterol

Labetalolv Metoprolol Moderatet

Labetalolv Oxprenolol

Labetalolv Pindolol Moderatet
Labetalolv Placebo

Labetalolv Propranolol

Labetalolv Sotalol

Labetalolv Thiazidique

Labetalolv Trimetazidine

Labetalolv Xamoterol

Metoprolol Oxprenolol

Metoprolol Pindolol Low*,t
Metoprolol Placebo High

Metoprolol Propranolol
Metoprolol Sotalol

Metoprolol Thiazidique Lowd
Metoprolol Trimetazidine

Metoprolol Xamoterol High
OxprenoloV Pindolol

OxprenoloV Placebo Lowt,8

OxprenoloV Propranolol
OxprenoloV Sotalol
OxprenoloV Thiazidique
Oxprenolol v Trimetazidine
OxprenoloV Xamoterol
Pindolol Placebo High
Pindolol Propranolol
Pindolol Sotalol

Pindolol Thiazidique
Pindolol Trimetazidine
Pindolol Xamoterol

Placebov Propranolol Lowt,8
Placebor Sotalol High
Placebov Thiazidique Low*,t

Placebov Trimetazidine
Placebov Xamoterol
Propranolol Sotalol

Propranolol Thiazidique Very low*,}
Propranolol Trimetazidine Lowzt
Propranolol Xamoterol

Sotalol Thiazidique

Moderate
Moderate
Very low
Moderate
Moderate
Very low
Very low
Low
Very low
Very low
Moderate
Low
Very low
Moderate
Moderate
Very low
Very low
Low
Very low
Very low
High
Very low
High
Moderate
Very low
Very low
Low
Very low
Moderate
Low
Moderate
High
Low
High
High
Very low
High
Low
High
Low
Low
Low
Very low
Very low
High
Low
High
Low
Very low
Low
High
High
Moderate
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DISCUSSION ET CONCLUSION GENERALE

Ce travail consiste donc en deux études distinctes. premiére, une revue
systématique de la littérature nous a permis dtilen de nombreuses classes
médicamenteuses possiblement a I'origine de laesuie ou de I'exacerbation d’'un RP. La
physiopathologie de cet effet indésirable reste cmainue, elle est complexe et implique
différents mécanismes selon les classes médicansasteL'approche mécanistique utilisée
dans cette revue nous a permis tout de méme de famerger de grandes voies
physiopathologiques:

- l'augmentation de la vasoconstriction périphéeiqwia les récepteursu,
adrénergiques, par activation (clonidine, alkalsit#el’ergot, bromocriptine ; inhibiteurs de la
recapture de la sérotonine ; agonistes dopamingzgigsympathomimétiques ; ciclosporine ;
interférons) ou par neurotoxicité (chimiothérapdprure de vinyle);

- I'induction de dommages endothéliaux (chimiotipéea, bromocriptine);

- la baisse du flux sanguin capillaire par I'indant de pathologies auto-immunes
(interférons), par 'augmentation de l'agrégabilitaquettaire (interférons, ciclosporine) ou
par la baisse de la déformabilité érythrocytairel¢sporine);

- I'inhibition de I'angiogénése a également étépmgee (inhibiteurs des tyrosines
kinases).

Bien que l'induction de RP soit pour certains médients largement connue, tres peu
de données fiables sont disponibles concernantpigiwalence, leur présentation clinique et
leur prise en charge. Les cas rapportés sont nambngarfois contradictoires et, a
I'exception des chimiothérapies pour lesquellesikte des études de bonne qualité avec une
relation dose-effet mise en évidence, aucune clagsbBcamenteuse ne peut étre considérée

comme pourvoyeuse de RP avec certitude. Par allEBuRP peut étre secondaire a de
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nombreuses pathologies, cela peut conduire a desirerd’interprétations et des biais

protopathiques (hépatite auto-immune et interféragsplasie et chimiothérapie, migraine et
dérivés ergotés...). Beaucoup de travail reste dogore a accomplir dans ce domaine via
des études contrélées randomisées et de largessétied pharmaco-épidémiologie et de
pharmacovigilance. Ces traitements doivent malgué étre utilisés avec prudence chez les
patients atteints de RP et un traitement alterpaéféré si possible.

Afin de tenter d’apporter quelques éléments de mépoa ces nombreuses zones
d’ombres nous nous sommes donc ensuite intéredsds spécifiguement a la classe
médicamenteuse des béta-bloquants. Ceux-ci somusomour induire des PR depuis leur
mise sur le marché dans les années 1970. Ce mgestqur autant que cet effet indésirable est
bien connu. Tous les béta-bloquants partagent udaganisme pour les récepteups
adrénergigues mais ils possedent par ailleurs denbreuses autres propriétés
pharmacologiques. Les béta-bloquants dits non tfélgoésentent en plus un antagonisme
pour les adrénoréceptets Les béta-bloquants dits cardiosélectifyipgélectifs possedent
une plus grande affinité pour les réceptdglyrgue pour les récepteups. Les béta-bloquants
entrainant une activation partielle des récept@usont dits a activité sympathomimétique
intrinséque (ISA). Certains possedent égalemenpdgwiétés additionnelles vasodilatatrices
(Table 3).Ces propriétés pharmacologiques secaslantrainent des variations dans la
capacité de chacun a induire des PV. Nous avons dssayé de mettre en évidence cette
différence. Pour ce faire nous avons choisi deisg&aline méta-analyse en réseau (NMA).
Cette approche récente permet de prendre en chysieurs traitements simultanément et
non deux a deux comme dans une méta analyse singidanc de hiérarchiser un effet au sein
d’'un groupe. Elle inclut des comparaisons diregedirectes entre chaque traitement et
prend donc en compte 'ensemble des preuves disigsrpour quantifier un effet relatif ; elle

augmente la puissance grace a ces comparaisoreciedi et permet des comparaisons peu ou
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pas réalisées en pratiqgue. Nous avons inclus datis BIMA tous les essais cliniques
contrlés randomisés de la base de données Puliviedxtrayant pour chacun d’eux la
prévalence de PR ou de symptbmes associés (froidimsr extrémités, ischémie
périphérique...) s'ils étaient renseignés. Nous avdasplus inclus certaines références
pertinentes de la Cochrane Library, de Google schet du Trialresultcenter (Figure
2).Différents objectifs secondaires ont égalemenpétésuivis : I'influence de la latitude, du
moyen de report de I'effet indésirable (questiormaieport spontané, visite médicale...), du
critére clinique rapporté (syndrome de Raynaudroidéur des extrémités), de la pathologie
sous-jacente, de la dose et de la durée de traiterteenfin de I'année de publication sur la
prévalence de PV.

Nous avons donc identifié 2238 articles correspotsda nos criteres, 829 d’entre eux ont été
sélectionnés afin de rechercher un effet indésrabl relation avec une PV. Finalement 38
études renseignaient un effet indésirable pertiaerggroupait plus de 57000 patients.

Treize béta-bloquants ont été comparés, entrecaumtre placebo et versus autres traitements
actifs (le plus souvent des inhibiteurs de I'enzyde conversion, des antagonistes des
récepteurs de I'angiotensine, debloquants et des dihydropyrimidines).La prévalemhedV

au sein des patients traités par béta-bloguantslesi% (1966/28072), alors que 4.6%
(555/12060) et 1.7% (305/17492) des patients gagit# placebo ou autre traitement actif ont
développés des symptébmes traduisant une PV (P¥0.00

Les résultats de cette étude confirment effectiveriexistence d’'une variabilité notoire au
sein de la classe de béta-bloquants. En effetridgsies relatifs (OR) de vasoconstriction
périphérique entre les différents béta-bloguantplatebo sont extrémement hétérogenes.
Seuls l'aténolol, le propanolol et le métoprolohsassociés a une augmentation significative
du risque de PV. L’'analyse en sous-groupes a égalefait ressortir une large disparité de

prévalence des PV entre les différents groupesnmpdmariogiques de béta-bloquants. Les
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vasodilatateurs et les béta-blogquants possédantABieinduisent moins de PV que le
placebo. Alors que la prévalence de PV dans legpg® des béta-bloquarfissélectifs et de
ceux dépourvus de propriétés secondaires est isaiement plus important que celle
retrouvée sous placebo. Le pindolol, béta-bloquardc la plus forte ISA, arrive donc
logiqguement en téte des béta-bloquants les momérae d’induire une PV. Il pourrait méme
étre considéré comme un vasodilatateur périphérigee observations sont cohérentes avec
d’anciennes études qui avaient retrouvé une augtiemtdu flux sanguin distal avec les béta-
bloquants possédant une forte ISA, résultats égalenohérents avec le mécanisme supposé
de cet effet indésirable: I'introduction d’un texitent par béta-bloquant entraine une chute du
deébit cardiaque. Cette derniere induit une intobitdes barorécepteurs aortiques et sino-
carotidiens conduisant, via la stimulation des adrécepteurs eta, a une augmentation du
tonus sympathique et une vasoconstriction périghérréflexe, vasoconstriction a I'origine
des symptomes (Figure 7). Notons que l'implicatidnn défaut de régulation de ces
récepteursi, constitue I'une des principales hypothéses étiqlags neurovasculaires du PR

primaire.

Beta-blockers

Peripheral vasoconstriction
™ Cardiacoutput

Activation of baroreceptors -
' o /
f &

{, Q)

%

AR

Reflex vasoconstriction mediated essentialy by
a, and a, adrenoceptors

Figure 7. Mécanisme d’action supposé de la vasoconstrigi@mphérique induite par les

béta-bloquants.
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Cette hypothése physiopathologique est égalemerdbmrée dans notre étude par le fait que
les deux béta-bloguants possédant une proprébdoquante (acébutolol et labétalol) sont,
au méme titre que les béta-bloguants avec unel&Anoins pourvoyeurs de PV. Quant au
carvédilol, il posséde lui aussi une activitebloguante mais le peu d’études et d’effectifs,
entrainant une tres large imprécision de I'estiorgtne permettent pas de conclure.

Une baisse de la mesure du flux sanguin distal augenentation des complaintes liées a une
froideur des extrémités et des cas de PR ont @dtsiélans la littérature chez des patients
sous béta-bloquants. Malgré cela aucune étudeén&sra montrer une plus grande fréquence
ou sévérité des crises de PR suite a la prise tdebb@juants chez les patients atteints de PR
primaire. Le PR est cependant un syndrome complexpliquant un grand nombre de
mécanismes.

Les objectifs secondaires que nous poursuivionsdonhé lieu a des méta-régressions qui
n'ont pas été significatives.

La qualité des résultats a été évaluée selon desnreandations récentes appelées GRADE.
Celles-ci ont pour but de donner un avis sur |bilité de chaque comparaison directe,
indirecte ou mixte faisant partie de notre rés€ing axes devant donner lieu a un jugement
doivent étre évalués pour chaque comparaisonsk«af bias, inconsistency, indirectness,
imprecision and publication bias ».Le plus hautrsae fiabilité méthodologique est donné a
une étude controlée randomisée puis ce score esepd par les différents biais potentiels
identifiés. Cette méthode intéressante bien qualfagse a été assez flexible pour s’adapter a
notre objectif qui avait pour but d’évaluer la séi@ud’emploi des béta-bloquants et non leur
efficacité. Parmi nos 34 comparaisons directegynt sonsidérées comme fiables et 7 autres
comme de mauvaise qualité. Cet outil permet derdesebases de I'évaluation de la qualité

d’'une preuve établie par une méta analyse en résa@ule résultat nous parait peu lisible et
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complexe a analyser. De nouvelles recommandatimnent d’étre développées et doivent
étre mises en pratigue afin d'évaluer leur fais@bilet leur fiabilité (201). Ces
recommandations permettront a terme une harmomisatiune standardisation des pratiques,
nécessaires devant I'utilisation croissante de cdéate de NMA.

Ces résultats permettent de soulever la questiola gertinence des contre-indications des
différents béta-bloquants chez les patients atelatPR. En effet, en France, le carvédilol, le
nadolol, I'oxprénolol, le pindolol, le propranolet le sotalol sont contre-indiqués chez les
tous les patients atteints de PR; les béta-bloguaselectifs (I'acébutolol, le bétaxolol,
lebisoprolol, le métoprolol, le nébivolol) uniquemedans les formes séveres; alors que le
céliprolol et le labétalol ne sont pas contre iné A la lumiére de ces observations ces
recommandations ne nous paraissent pas pertinentas inadéquation avec l'influence des

propriétés secondaires des béta-bloquants sucd@arcité d’induction de RP.
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MEMOIRE SOUTENU PAR : M. Khouri Charles

TITRE : Le phénomene de Raynaud iatrogéne : revue de la littérature et méta- analyse en

réseau des vasoconstrictions périphériques induites par les bétabloquants.

Conclusion

L’iatrogénie médicamenteuse représente une des principales étiologies du phénoméne
de Raynaud (PR) secondaire. L’¢étiologie médicamenteuse du PR est cependant mal connue et
probablement sous-estimée. Souvent bénin le PR peut dans ces formes secondaires, plus
séveres, induire I’apparition d’ischémies et d’ulcéres digitaux. De nombreuses classes
médicamenteuses sont suspectées d’induire ou d’aggraver des PR préexistants. Nous n’avons
cependant que peu de certitudes quant a leur prévalence, la présentation clinique associée a
chaque classe médicamenteuse et leur physiopathologie. Afin de répondre a ces questions
nous avons donc mené une revue de la littérature, qui nous a permis de regrouper les classes
médicamenteuses par mécanisme physiopathologique, d’apprécier la prévalence des PR
induits par les médicaments ainsi que leur gravité potentielle. Néanmoins, le niveau de preuve
de I’association entre la survenue de PR et ces médicaments est souvent faible pour la plupart

d’entre eux, et peu d’études de bonne qualité méthodologique ont été réalisées.

L’exemple des bétabloquants est frappant ; bien que ce soit I’une des premiéres classes
médicamenteuses a avoir été liée & ’apparition de PR, sa prévalence est mal connue et de
nombreuses questions restent en suspens, notamment l’influence de leurs propriétés
pharmacologiques secondaires. Le paradoxe est que des milliers d’essais cliniques incluant

des bétabloquants ont été publiés dans la littérature ces derniéres décennies.
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Nous avons donc réalis€ une .rnéta-analyse en réseau, approche qui combine
comparaisons directes et indirectes afin de hiérarchiser différentes molécules au sein d’une
méme classe de médicaments. Parmi les 2238 références retrouvées, 38 études ont été incluses
dans I’analyse. Celle-ci nous a permis de mettre en évidence une hétérogénéité au sein de la
classe des bétabloquants, avec un effet positif de 1’activité sympathomimétique intrinseque,
alors qhe la sélectivité B; n’avait pas d’influence sur la survenue de PR. Ces résultats
remettent en cause la pertinence des précautions d’emploi et des contre-indications de certains

bétabloquants chez les patients atteints de PR.

Ce travail montre que la méta-analyse réseau est une approche intéressante dans le
domaine de la pharmacovigilance, pour quantifier et hiérarchiser la survenue d’effets
indésirables au sein d’une classe de médicaments. Néanmoins, beaucoup de travail nous
semble encore nécessaire a afin de progresser dans la compréhension du PR .iatrogéne et de

pouvoir améliorer le diagnostic précoce et la prise en charge de cet effet indésirable.

(*) VU ET PERMIS D 'IMPRIMER
(*) Grenoble, le X XVW\‘ M
(*) LE DOYEN (*) LE PRESIDENT DE THESE

(*) PROFESSEUR C. RIBUOT
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Résumé — Le phénomene de Raynaud (PR) correspond 2 une ischémie paroxystique des extrémités en réponse a un stress
environnemental. Il est dit primaire lorsqu’il est idiopathique, et secondaire lorsqu’il est associé a certaines pathologies
responsables d’une oblitération vasculaire. Bien que sa physiopathologie soit complexe et imparfaitement connue, la
dysfonction microvasculaire joue un role clé dans la survenue du PR. Cette revue de la littérature synthétise les différents
traitements pharmacologiques actuellement utilisés dans le PR, en abordant leur mécanisme d’action et le niveau de preuve
de leur efficacité. Nous discuterons également de nouvelles pistes pharmacologiques comme la potentialisation de la voie du
monoxyde d’azote ou I’inhibition de la voie RhoA-Rho kinase. L’autre aspect de la pharmacologie du PR abordé dans cette
revue est 1’étiologie médicamenteuse de certaines formes secondaires. Parmi les médicaments incriminés on retrouve
notamment les béta-bloquants, les interférons, certaines chimiothérapies anticancéreuses ou plus récemment des inhibiteurs
de tyrosine-kinases.

Abstract — Pharmacology of Raynaud’s Phenomenon. Raynaud’s phenomenon (RP) is characterised by transient ischae-
mia in the extremities in response to cold or emotions. It can be primary (idiopathic) or secondary to an underlying disease.
The pathophysiology of RP is multifactorial and complex. Microvascular impairment is a hallmark of the disease. The
objective of this work is to review the different pharmacological treatments currently used in the management of RP, from
their mechanism of action to the available evidence regarding their efficacy. We also propose to discuss potential pharma-
cological targets such as the potentiation of the nitric oxide pathway, or the inhibition of the RhoA-Rho kinase pathway.
The last part of this review deals with drug-induced RP. Among various medications, beta-blockers, interferons, tyrosine-
kinase inhibitors or cytotoxic agents such as bleomycin are involved.
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