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Abstract

Raynaud’s phenomenon (RP) is a multifactorial vasospastic disorder characterized by episodic
digital ischemia, commonly triggered by cold exposure or emotional stress. RP may present as
primary (idiopathic) or secondary, the latter often associated with systemic sclerosis or other
connective tissue diseases and carrying a higher risk of complications such as digital ulcers and
tissue loss. This narrative review aims to synthesize current evidence on the pathophysiology,
clinical manifestations, and management strategies for RP, including non-pharmacologic
interventions, pharmacologic therapies, surgical approaches, and adjunctive nutraceuticals.

Material and Methods: We reviewed recent open-access literature from the past few years,
including randomized controlled trials, meta-analyses, and systematic reviews, alongside
mechanistic studies and guideline recommendations, to provide a comprehensive overview of
current therapeutic approaches.

Results

Non-pharmacologic measures, including trigger avoidance, temperature management, smoking
cessation, and patient education, remain foundational, particularly for primary RP. Calcium
channel blockers are first-line pharmacologic agents, reducing attack frequency, duration, and
severity. Second-line therapies include phosphodiesterase-5 inhibitors and prostanoids,
primarily intravenous iloprost, for refractory or ischemic cases. Endothelin receptor antagonists
prevent digital ulcer recurrence in secondary RP. Botulinum toxin injections and surgical
interventions, such as digital sympathectomy or angioplasty, may benefit selected patients with
severe disease. Adjunctive dietary supplements, including omega-3 fatty acids, Ginkgo biloba
and antioxidant vitamins, show biological plausibility but lack high-quality clinical evidence.
Across all treatment modalities, high-quality randomized controlled trials remain limited, and
standardized outcome measures are inconsistently applied.

Conclusion

Management of RP requires an individualized, stepwise approach combining lifestyle
modifications, pharmacologic therapy, and, when indicated, invasive or adjunctive
interventions. Significant gaps remain in high-quality evidence, highlighting the need for
multicenter trials, standardized outcome reporting, and further mechanistic studies to optimize
patient care and long-term outcomes.
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Introduction

Raynaud’s Phenomenon (RP) is a clinically significant vasospastic disorder characterized by
episodic, reversible constriction of peripheral blood vessels, most commonly affecting the digits
in response to cold exposure or emotional stress, and manifesting as distinctive color changes
from pallor to cyanosis and erythema. RP occurs in both primary (idiopathic) and secondary
forms, the latter often associated with underlying systemic diseases such as connective tissue
disorders, and in some cases can lead to considerable morbidity including digital ulceration and
tissue loss. (1)

The overall prevalence of RP in the general population is estimated at approximately 3-5%,
with variability driven by differences in diagnostic criteria, geographic region, sex, and
environmental exposures. (1,2) Primary RP tends to be more common in younger individuals
and typically follows a benign clinical course, whereas secondary RP may present later in life
with asymmetrical symptoms and a higher risk of complications due to its association with
microvascular structural abnormalities. (3)

The pathophysiology of RP is complex and multifactorial, involving an intricate interplay
between neural, vascular, and humoral mechanisms that disrupt the equilibrium between
vasoconstrictive and vasodilatory forces in peripheral microcirculation. Functional vascular
dysregulation, endothelial dysfunction, and augmented sympathetic activity contribute to the
exaggerated vasospastic response, but precise mechanistic pathways remain incompletely
understood. (1)

Despite advances in understanding RP, no universally accepted cure exists, and management
typically aims to reduce the frequency and severity of vasospastic episodes, improve patient
quality of life, and prevent progression to tissue injury. First-line strategies emphasize
avoidance of triggers and lifestyle modification - pharmacological interventions, including
calcium channel blockers and other vasodilators, are used in more symptomatic cases.
Increasing attention is also being given to dietary supplements, non-drug modalities, and



lifestyle or exercise interventions that may modulate symptom expression and vascular function.

1)

This narrative review synthesizes current evidence on pharmacologic treatment, dietary
supplements, and the role of lifestyle and exercise in symptom modulation for RP, highlighting
clinical considerations, emerging therapeutic insights, and areas requiring further research.

Pathophysiology of Raynaud’s Phenomenon

Raynaud’s Phenomenon (RP) is a multifactorial disorder arising from the interplay of genetic,
vascular, neural, intravascular, and humoral mechanisms (3,4,5). Clinically, RP is classified as
primary (PRP) or secondary, the latter often associated with systemic sclerosis (SSc) or other
connective tissue diseases, and generally exhibiting greater severity and higher risk of ischemic
complications (3,6)

Genetic factors influence susceptibility to RP. Familial clustering and twin studies suggest a
heritable component, with up to 50% of primary RP patients reporting affected first-degree
relatives (4). Variants in genes regulating vascular function, such as NOS1, may predispose the
vasculature to hyperreactive responses to environmental triggers, particularly cold (4,7).

Vascular hyperreactivity is central to RP pathophysiology. In primary RP, functional
abnormalities predominate: thermoregulatory arteriovenous anastomoses (AVAs) demonstrate
exaggerated vasoconstriction in response to cold, while nutritive capillaries remain intact,
preventing tissue ischemia (3). In secondary RP, structural defects coexist with functional
dysregulation. Endothelial dysfunction manifests as increased production of vasoconstrictors,
including endothelin-1 and angiotensin |1, alongside impaired vasodilation due to reduced nitric
oxide and prostacyclin activity (8,9). Capillary loss and occlusion exacerbate ischemia,
particularly in glabrous, hairless skin, explaining the digital predilection (3,10). Vascular
patency is influenced by the balance between arterial wall tension and intravascular distending
pressure, with secondary RP often showing lower brachial and digital arterial pressures due to
occlusive disease or prior vascular injury (5).

Neural mechanisms further amplify vasospastic responses. Primary RP is characterized by local
dysregulation of thermoregulatory vascular function, while secondary RP may involve central
autonomic contributions (3,4). Cold exposure triggers a,C adrenergic receptor translocation
through RhoA/ROCK  activation, increasing contractile sensitivity. Enhanced sympathetic



activity promotes neurotransmitter-mediated vasoconstriction, and peripheral nerve
compression, such as in thoracic outlet syndrome, may worsen episodes (3). Dysregulation of
vasoactive peptides, including calcitonin gene-related peptide, also modulates vascular tone (4).

Intravascular and humoral factors contribute to RP pathogenesis. Altered blood rheology,
platelet and leukocyte activation, and reduced erythrocyte deformability impair microvascular
flow (11). Fibrinolysis is often impaired in secondary RP but remains normal in primary RP (3).
Hematological disorders increasing plasma viscosity, such as polycythemia vera, Waldenstrom
macroglobulinemia, cryoglobulinemia, and cold agglutinin disease, may reduce digital
perfusion (4,5). Dysregulated vasoactive mediators-including serotonin, thromboxane A,, and
endothelin-1-further enhance vasospasm, with ET-1 antagonists reducing digital ulceration in
scleroderma-associated RP (12).

In summary, RP results from a synergistic interaction of vascular hyperreactivity, neural
dysregulation, endothelial dysfunction, intravascular abnormalities, and humoral mediators.
Primary RP is dominated by functional disturbances, causing episodic ischemia without
structural injury, whereas secondary RP combines these functional alterations with structural
vascular damage and rheological impairment, leading to more frequent and severe ischemic
episodes. Together, these mechanisms explain the episodic nature, cold sensitivity, and digital
predilection characteristic of RP (3,5).

Primary vs Secondary RP

Primary Raynaud’s Phenomenon typically affects young individuals, most often women, with
symptom onset between 15 and 30 years of age and a strong familial predisposition, as up to
30-50% of first-degree relatives may be affected (13). Microcirculatory changes in primary RP
are functional rather than structural, with preserved vascular architecture, frequent thumb
sparing, and reversible ischemia as a defining feature (3). Pain or paresthesia is uncommon,
trophic changes and digital ulcers are absent, peripheral pulses are symmetrically normal, and
laboratory findings usually show negative or low-titer antinuclear antibodies (ANA) with a
normal erythrocyte sedimentation rate (ESR) (4). Nail fold capillaroscopy typically appears
normal (13).

In contrast, secondary Raynaud’s Phenomenon generally presents later in life, often after the
age of 40 years, with sex distribution varying according to the underlying condition. It is
characterized by combined structural and functional microvascular impairment, more frequent
and sometimes severe pain or paresthesia, and a higher risk of ischemic tissue injury, including



digital ulcers and trophic changes such as sclerodactyly or telangiectasia (14). Ischemia may be
progressive and irreversible, peripheral pulses can be asymmetric or reduced depending on
etiology, and laboratory evaluation often reveals positive ANA and elevated ESR. Nail fold
capillaroscopy commonly demonstrates abnormal capillary morphology, reflecting underlying
microvascular damage (15). Figure 1 illustrates the secondary causes of Raynaud’s

phenomenon.

Secondary causes of Raynaud’s phenomenon

Autoimmune rheumatic diseases

e Systemic sclerosis

¢ Systemic lupus erythematosus

® Sjogren’s syndrome

e Mixed connective tissue disease/
overlap syndromes

e Undifferentiated connective tissue
disease

¢ Idiopathic inflammatory

® Vasculitis

* Myopathies

Plasma hyperviscosity—associated

impairment of digital perfusion

® Cryoglobulinaemia

¢ Cryofibrinogenaemia

® Paraproteinaemia

e Malignancy (including as a
paraneoplastic phenomenon)

® Hyperviscosity syndrome

Drug-/chemical-related
Anti-migraine medications
(e.g. Ergot derivatives)
Bromocriptine
Methysergide
Vinblastine
Bleomycin
Interferons
Gemcitabine
Beta-adrenoceptor antagonists
Polyvinyl chloride
Silica and solvents
Cocaine or amphetamine abuse
Pseudoephedrine
Estrogen replacement therapy
Cisplatin
Clonidine
Cyclosporine

Occupational
Hand-arm-vibration syndrome
(vibration white finger)

Figure 1. Secondary causes of Raynaud’s phenomenon (3,4).

Clinical Manifestation

Vascular
® Obstructive (Atherosclerosis,
Thromboembolism, Buerger
disease)
® Compressive (eg cervical rib)

Trauma
* Exposure to vibrating tools
* Hypothenar hammer syndrome
® Percussive injury
¢ Electric shock injury
*Thermal injury

Other causes
* Carpal tunnel syndrome
e Frostbite
* Hypothyroidism
® Pheochromocytoma
* Low body mass index
e Fibromyalgia
* Arteriovenous fistula
e Pulmonary hypertension

Raynaud’s Phenomenon (RP) is a clinical manifestation of episodic vasospastic events
characterized by reversible skin color changes, frequently accompanied by neurosensory
symptoms such as pain, numbness, tingling, and discomfort (16). Typical RP attacks are
precipitated by cold exposure and/or emotional stress and most commonly affect the hands and
feet, although other vascular regions - including the lips, nose, ears, and nipples - may also be
involved (4).



The classical presentation consists of a triphasic sequence of color changes: pallor resulting
from vasoconstriction, cyanosis due to sequestration of deoxygenated blood, and erythema
associated with reperfusion and reactive hyperemia (4,16).

Importantly, the presence of all three phases is not required for diagnosis, and most
classification systems support the identification of RP based on at least two color changes (4,16).
Cyanosis occurring without prior pallor is more commonly observed in systemic sclerosis -
associated RP, whereas reactive hyperemia is less prominent compared with primary RP (4).

Therapeutic Strategies in Raynaud’s Phenomenon

The management of Raynaud’s phenomenon (RP) aims to reduce the frequency and severity of
vasospastic attacks and to prevent disease-related complications. Non-pharmacological
interventions represent the foundation of treatment and are recommended for all patients,
particularly those with primary Raynaud’s phenomenon, in whom such measures may be
sufficient to control symptoms (16,14).

Pharmacological therapy is considered in patients with persistent or severe symptoms - however,
evidence supporting its use is limited by a lack of large randomized controlled trials (RCTSs).
The episodic nature of RP poses an additional therapeutic challenge, as effective prevention of
attacks often requires long-term medication use, which may be associated with adverse effects
(16,17).

In refractory cases, especially in secondary RP, interventional approaches such as botulinum
toxin injections and sympathectomy may be employed (16,18). Moreover, the management of
secondary RP includes treatment of complications such as digital ulcers, ischemic necrosis, and
secondary infections, which may require antibiotic therapy, specialized wound care, or surgical
intervention (14,18).

Non-pharmacological management

Non-pharmacological interventions constitute the foundation of management in all patients
with Raynaud’s phenomenon (RP) and are recommended regardless of disease severity or
etiology. These measures aim to reduce the frequency of vasospastic episodes, limit symptom
severity, and prevent ischemic complications, particularly in patients with primary RP, in whom
lifestyle-based strategies may be sufficient for symptom control (1,4,16).



Patient education plays a central role in non-pharmacological management. Individuals with
RP should receive clear, high-quality information regarding the nature of the disease, potential
triggers, and practical strategies for symptom prevention. Referral to patient-led organizations
and access to educational materials, including online resources, may provide additional support
and improve self-management (4,16).

Cold avoidance remains the most important preventive strategy. Patients should be advised to
maintain adequate peripheral and core body temperature through the use of layered clothing,
hats, insulated footwear, gloves or mittens, and portable heat packs. Protective measures such
as using holders when handling cold objects and avoiding tight-fitting shoes or socks are also
recommended. When rewarming is required, warm water may be used cautiously - however,
exposure to hot water should be avoided due to the risk of thermal injury in areas with impaired
sensation or perfusion (16,19).

Smoking cessation should be strongly encouraged in all patients with RP, as nicotine is a potent
vasoconstrictor and has been shown to reduce cutaneous blood flow, thereby exacerbating
vasospastic attacks. Patients should also be advised to avoid passive smoke exposure (5,16,19).

Identification and avoidance of additional triggers is an important component of management.
Emotional stress and anxiety are well-recognized precipitants of RP attacks, and stress-
reduction strategies such as regular physical activity, relaxation techniques, yoga, or meditation
may reduce attack frequency. Occupational and environmental factors, including exposure to
vibrating tools or repetitive microtrauma, should be minimized where possible (3,19).

Patients should also be counseled regarding medications and substances that may worsen
vasoconstriction. These include nasal decongestants containing sympathomimetics (e.g.,
pseudoephedrine), amphetamines, ergot derivatives, and excessive caffeine intake in
susceptible individuals. Regular review of prescribed and over-the-counter medications is
therefore recommended (3).

Skin care represents an additional preventive strategy, particularly in patients at risk of digital
ischemia. Regular use of emollients can help prevent skin dryness and fissuring, while routine
inspection of fingers and toes may allow early detection of ulcers or other ischemic lesions (19).
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Finally, many patients explore complementary or alternative therapies, such as antioxidant
supplementation. Current evidence supporting their efficacy in RP remains limited, and
clinicians should actively inquire about their use, particularly due to the potential for
interactions with pharmacological treatments (16).

Calcium channel blockers

Calcium channel blockers (CCBs) are widely regarded as the first-line pharmacological agents
in the management of RP. Their therapeutic effect is mediated by inhibition of calcium influx
through voltage-sensitive L-type calcium channels in vascular smooth muscle cells, leading to
smooth muscle relaxation and improved peripheral blood flow (3,21). Among the available
CCB classes, dihydropyridine CCBs are preferred because of their predominant action on
peripheral vasculature and relatively lower cardiac effects compared with non-dihydropyridine
agents (21,22).

The most commonly used dihydropyridine CCBs in clinical practice are nifedipine and
amlodipine. Nifedipine has been the most extensively studied agent in clinical trials, while
amlodipine is frequently prescribed due to its favorable dosing schedule and tolerability profile
(3,20). Extended-release or long-acting formulations are generally recommended, as they are
associated with more stable plasma concentrations and reduced sympathetic activation
compared with immediate-release preparations (3,21). Short-acting formulations may be
reserved for urgent situations or severe disease, although their routine use is discouraged (20).

Treatment with CCBs should be initiated at the lowest effective dose and titrated gradually
based on clinical response and tolerability. Typical dosing regimens include amlodipine starting
at 5 mg once daily, with escalation to 10 mg daily if needed, and modified-release nifedipine
starting at 10-30 mg daily, with gradual increases up to 40 mg twice daily or higher in selected
cases (16,21). Blood pressure monitoring is essential, particularly in patients with baseline
hypotension (20).

Evidence supporting the efficacy of CCBs in RP has been derived largely from randomized
controlled trials and meta-analyses, although study quality and methodology have varied. Early
meta-analyses demonstrated modest reductions in attack frequency and severity, with limited
effects on attack duration (3,21). Larger and more recent analyses, including reviews of up to
38 randomized controlled trials, have shown that CCB therapy is associated with reductions in
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the frequency, duration, and severity of RP attacks, with greater benefit observed in patients
with primary RP compared to secondary RP (5,22). However, the magnitude of benefit has been
described as moderate, and heterogeneity among studies remains a limitation (5).

The role of CCBs in the prevention or healing of digital ulcers is less well established. Available
evidence suggests that while CCBs may improve vasospastic symptoms, their effectiveness in
promoting ulcer healing or preventing ischemic complications is limited, particularly in
secondary RP (3,21).

Adverse effects associated with dihydropyridine CCBs are dose dependent and commonly
include peripheral edema, headache, dizziness, flushing, palpitations, and reflex tachycardia.
These side effects contribute to treatment discontinuation in a subset of patients, as
demonstrated by higher withdrawal rates in CCB-treated groups in clinical trials (5,20).

Contraindications to CCB therapy include significant hypotension, severe peripheral edema,
unstable angina, recent myocardial infarction, severe aortic stenosis, hypertrophic
cardiomyopathy, and advanced pulmonary hypertension. Use during pregnancy is generally
avoided unless severe digital ischemia is present (20).

Despite these limitations, calcium channel blockers remain the most extensively studied and
widely used pharmacological option for RP. At present, no other oral vasodilator class has
demonstrated superior efficacy in primary RP, reinforcing the role of dihydropyridine CCBs as
the cornerstone of pharmacological management (1).

Phosphodiesterase-5 Inhibitors

Phosphodiesterase-5 (PDE-5) inhibitors are commonly used as second-line therapy in patients
with Raynaud’s phenomenon (RP) who remain symptomatic despite calcium channel blocker
treatment, particularly in secondary RP associated with systemic sclerosis. By inhibiting cGMP
degradation, these agents enhance nitric oxide - mediated vasodilation and improve peripheral
perfusion (16,23).

Evidence from randomized trials suggests modest but clinically relevant benefits. A review of
nine RCTs (411 participants) demonstrated that PDE-5 inhibitors reduced attack frequency by
approximately three episodes per week and shortened daily attack duration by several minutes
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compared with placebo, although the certainty of evidence was low. Improvements in severity
and global assessments were reported, while reductions in pain were minimal (24). A separate
meta-analysis similarly confirmed decreases in attack frequency and duration (16).

Sildenafil is most frequently prescribed, typically initiated at 20 mg daily and titrated up to 20
mg three times daily according to response and tolerability. Tadalafil, owing to its longer half-
life and once-daily dosing, may be used as an alternative or add-on therapy. Concomitant use
with nitrates should be avoided due to the risk of hypotension (16,23,25).

Adverse effects are generally mild and include headache, flushing, and hypotension. Other
phosphodiesterase inhibitors have not consistently demonstrated clinical benefit. PDE-5
inhibitors may also support digital ulcer healing when combined with other vasodilators,
although further evidence is needed (24-26).

Overall, PDE-5 inhibitors represent a reasonable second-line option, particularly in secondary
or more severe RP, despite moderate efficacy and limited high-quality data.

Prostaglandin Analogs

Prostaglandin analogs (prostanoids) are reserved for patients with severe or refractory
Raynaud’s phenomenon (RP), particularly those with critical digital ischemia or active ulcers.
In addition to potent vasodilation, these agents inhibit platelet aggregation and improve
microvascular perfusion (3,27).

Intravenous iloprost, a prostacyclin analog, is the best-studied therapy in this group. Short
courses of 1V infusion have been shown to reduce attack frequency and severity and to promote
digital ulcer healing, especially in systemic sclerosis-associated RP. Clinical benefits are often
temporary, and repeated treatment cycles may be necessary (16,27). Adverse effects are mainly
infusion-related and include headache, flushing, nausea, and hypotension (3,16).

Oral and inhaled prostanoids have demonstrated inconsistent or limited efficacy compared with
intravenous therapy, and their role remains uncertain (1,3).
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Overall, 1V prostanoid therapy represents an important option for patients with ischemic
complications when standard vasodilator treatments are insufficient.

Endothelin Receptor Antagonists

Endothelin receptor antagonists (ERAS) represent a targeted therapeutic option for patients with
severe secondary Raynaud’s phenomenon, particularly in the context of systemic sclerosis-
associated vasculopathy complicated by recurrent digital ulcers. Endothelin-1, a potent
vasoconstrictor and profibrotic mediator, contributes to endothelial dysfunction and sustained
digital ischemia, thus receptor blockade may mitigate these pathogenic mechanisms (28).

Bosentan, a dual endothelin A/B receptor antagonist, is the most extensively studied agent in
this class. Randomized controlled trials (RAPIDS-1 and RAPIDS-2) demonstrated that
bosentan significantly reduces the development of new digital ulcers, although it has limited
efficacy in promoting healing of established lesions or consistently improving the frequency
and severity of Raynaud’s attacks (29,30). Consequently, its clinical role is primarily preventive
in patients with recurrent or refractory ulceration despite standard vasodilator therapy.
Treatment requires monitoring because adverse effects, including peripheral edema and
elevated liver transaminases, are relatively common (29).

Other ERAs, such as macitentan, have not shown comparable benefit in controlled studies, and
therefore their routine use in Raynaud’s phenomenon is not currently supported (31).

Other Pharmacologic Therapies in Raynaud’s Phenomenon

In patients who do not respond adequately to first-line vasodilators (e.g., calcium channel
blockers) and second-line agents such as phosphodiesterase-5 inhibitors or prostanoids, a
number of additional pharmacologic therapies have been evaluated. However, the overall
evidence for many of these agents is limited in quantity and quality, with inconsistent efficacy
across studies (26,32).

Adrenergic alpha-1 blockers, such as prazosin and moxisylyte, have been investigated in
randomized trials. Some studies suggest reductions in attack frequency and severity compared
with placebo, but variable results, modest effects, and adverse events (hypotension, dizziness)
limit their routine use (26,33).
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Selective serotonin reuptake inhibitors (SSRIs), particularly fluoxetine, have been tested in
controlled trials. A crossover study demonstrated that fluoxetine significantly reduced attack
frequency and severity compared with nifedipine in patients with primary and secondary RP,
along with improved thermographic response to cold exposure. However, larger
placebo-controlled trials are lacking (34,35).

Angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBS)
have been evaluated for their endothelial and vasodilatory effects. While some early studies
suggested potential benefit with ARBs such as losartan, evidence is inconsistent and generally
inferior to traditional therapies, ACE inhibitors may not improve and could slightly worsen
attack frequency (32-34).

Topical nitrates (e.g., nitroglycerin or glyceryl trinitrate) have been examined in multiple
randomized trials. Meta-analysis indicates no clear benefit on attack frequency or severity
versus placebo, and systemic side effects - such as headache, hypotension, and dizziness - can
limit tolerability (33,35).

Other agents such as pentoxifylline or thromboxane synthase inhibitors have been included in
clinical trials but generally have not demonstrated consistent benefit in reducing RP symptoms,
and their clinical use remains investigational (33,36).

Statins (e.g., atorvastatin) have also been proposed as adjunctive therapy based on endothelial
protection, reduction in oxidative stress, and potential benefits in reducing digital ulcer
formation, but evidence is preliminary and not incorporated into major treatment guidelines
(35,37).

Overall, these alternative pharmacologic therapies may be considered in selected patients with
refractory RP after failure of conventional treatments. Nevertheless, the limited and often
conflicting evidence highlights the need for individualized therapeutic decision-making and
further high-quality trials (36).

Botulinum Toxin in the Treatment of Raynaud’s Phenomenon

Botulinum toxin (BoNT), particularly botulinum toxin type A (BoNT-A), has emerged over the
past decade as a potential therapeutic option for patients with refractory Raynaud’s
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phenomenon (RP), especially in cases associated with systemic sclerosis (SSc) and digital
ischemia. Its use is generally considered in patients who remain symptomatic despite optimized
conventional vasodilator therapy or who develop ischemic complications such as digital ulcers.
Recent literature consists predominantly of small randomized trials, prospective cohorts, and
systematic reviews, with increasing availability of open-access publications (38-40).

Botulinum toxin A is produced by Clostridium botulinum and classically exerts its effect by
inhibiting the presynaptic release of acetylcholine through cleavage of SNAP-25, thereby
blocking neuromuscular transmission. In the context of RP, its mechanism is believed to extend
beyond skeletal muscle relaxation and to involve modulation of sympathetic vasoconstriction
(39,41).

Experimental and clinical data suggest that BONT-A inhibits the release of norepinephrine from
sympathetic nerve endings, thereby attenuating vasoconstrictive signaling in vascular smooth
muscle cells (VSMCs) (6,39). Additionally, it may reduce cold-induced vasospasm by
interfering with a2C-adrenoreceptor translocation and activity, which plays a central role in
cold-mediated digital vasoconstriction (6).

Emerging mechanistic hypotheses also propose that BONT-A may reduce reactive oxygen
species (ROS) production within VSMCs, leading to decreased a2C-adrenoreceptor activation
and reduced actin - myosin interaction, ultimately promoting vascular relaxation (6).
Furthermore, botulinum toxin appears to modulate nociceptive pathways by inhibiting the
release of substance P and glutamate, which may explain its beneficial effects on chronic
ischemic pain frequently observed in secondary RP (40,42).

Clinical studies over the last years report heterogeneous but generally encouraging outcomes.
Several prospective studies and small randomized controlled trials have demonstrated
reductions in attack frequency and severity, improvement in pain scores, and enhanced digital
perfusion following interdigital or peri-neurovascular injections of BoNT-A in both primary
and secondary RP (38,40).

In systemic sclerosis - associated RP, improvements in digital ulcer healing and prevention of
new ulcer formation have also been reported, although findings are not entirely consistent
across trials (43). Some studies have failed to demonstrate significant objective improvements
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in blood flow measurements (e.g., laser Doppler perfusion), despite symptomatic benefit,
highlighting variability in outcome measures and patient populations (39).

A recent systematic review and meta-analysis concluded that BONT-A may reduce pain and
attack frequency in refractory RP, but emphasized the limited sample sizes, heterogeneity of
injection protocols, and the need for larger, high-quality randomized trials. Overall, the
certainty of evidence remains moderate to low, yet clinical experience increasingly supports its
role in selected patients with severe disease (39).

Botulinum toxin is typically administered through interdigital or peri-arterial injections in the
hand, targeting the neurovascular bundles. However, there is currently no standardized dosing
regimen or consensus regarding dilution, injection sites, or retreatment intervals (39).

Treatment is generally well tolerated. The most frequently reported adverse effect is transient
weakness of intrinsic hand muscles, which is usually mild and self-limiting (40). Other adverse
events are uncommon. Nevertheless, injections must be repeated periodically due to the
temporary duration of effect, typically lasting several months. Development of partial resistance
has been described but appears rare (39).

Despite growing interest, several limitations remain - published studies vary substantially in
patient selection (primary vs secondary RP), disease severity, injection technique, dosing, and
outcome definitions, which complicates interpretation and comparison of results (38).
Additionally, long-term safety data and cost-effectiveness analyses are limited.

Future research should focus on adequately powered randomized controlled trials with
standardized protocols and objective vascular endpoints. Clarification of the precise molecular
mechanisms of action may also help refine patient selection and optimize treatment strategies.

In summary, botulinum toxin represents a promising adjunctive therapy for refractory
Raynaud’s phenomenon, particularly in systemic sclerosis-associated disease with ischemic
complications. While current evidence suggests potential benefits in reducing vasospastic
attacks, pain, and possibly digital ulcer burden, further high-quality studies are required before
it can be incorporated into standardized treatment algorithms.
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Surgical and Revascularization Approaches in Raynaud’s Phenomenon

In severe and refractory Raynaud’s phenomenon (RP) - particularly when digital ischemia, non-
healing ulcers, or impending tissue loss persist despite optimized pharmacologic therapy -
surgical and revascularization strategies are considered as adjunctive or salvage interventions
aimed at restoring blood flow and interrupting pathological vasospastic mechanisms (17).

Surgical approaches in RP primarily fall into two broad categories: (1) sympathetic modulation
procedures to reduce abnormal vasoconstriction by interrupting sympathetic input to the digital
vasculature, and (2) direct revascularization techniques addressing discrete macrovascular
occlusions contributing to chronic ischemia (17,44).

Sympathetic Modulation and Microsurgical Techniques

Sympathectomy - whether at proximal or distal levels - remains the mainstay surgical procedure
for refractory RP. It is performed with the goal of reducing excessive sympathetic-mediated
vasospasm that contributes to diminished digital perfusion. Microsurgical technigues, including
periarterial sympathectomy and excision of sympathetic fibers around affected arteries, have
been developed to target sites of most significant vasospastic contribution (44,45).

In a retrospective surgical series, patients with treatment-resistant RP who underwent
microsurgical excision of sympathetic nerve fibers and adventitial stripping of affected digital
arteries demonstrated significant short-term improvements in Raynaud’s attack severity and
duration, as well as reductions in pain scores and clinical severity indices compared with non-
surgical controls. These findings support the feasibility and early efficacy of minimally invasive
sympathetic modulation in selected patients (46).

A recent review highlights that peripheral sympathectomy and related neurectomy techniques
have evolved with microsurgical refinement, showing promise in managing refractory RP by
interrupting distal sympathetic pathways and potentially improving nutritive blood flow to the
digits (44,47).

Direct Revascularization in Secondary Raynaud’s Phenomenon

In patients with secondary RP, particularly when imaging demonstrates segmental occlusion of
digital arteries, direct revascularization may be considered (17,48). Digital artery reconstruction
using interposition vein grafts has been evaluated in a cohort of patients with chronic hand
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ischemia due to discrete arterial occlusions: the majority experienced near-complete resolution
of ischemic pain and ulceration, and the 5-year recurrence-free rate approached ~69 % (48).

These outcomes suggest that, when structural arterial obstruction significantly contributes to
ischemia, restoring luminal continuity through vein grafting can offer durable clinical benefit
beyond what can be achieved with sympathectomy alone (48).

Clinical Integration and Patient Selection

Surgical and revascularization procedures are generally reserved for patients with refractory
and severe RP, who have failed optimized medical and lifestyle management and exhibit
objective evidence of tissue threat or fixed macrovascular disease. Comprehensive evaluation -
including angiography or vascular imaging - is essential to determine whether the pathological
substrate is primarily vasospastic (favoring sympathectomy) or occlusive (favoring
reconstruction) (17,48).

Importantly, these procedures should be integrated into a multidisciplinary management plan
that also addresses modifiable risk factors (e.g., smoking cessation) and optimizes medical
therapy to maintain long-term vascular health (17).

Dietary Supplements, Vitamins, and Nutraceuticals in Raynaud’s Phenomenon

Limited randomized evidence suggests that vitamin D3 supplementation in vitamin D-deficient
RP patients can improve Raynaud’s symptom scores and subjective severity. In a double-blind,
placebo-controlled trial, monthly high-dose oral vitamin D3 raised serum vitamin D and was
associated with improved patient-reported outcomes over 8 weeks compared with placebo. This
supports the idea that correcting deficiency might benefit vascular symptoms in RP (49).

Omega-3 polyunsaturated fatty acids (PUFAS), particularly eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), are proposed to improve endothelial function and reduce
inflammatory mediators implicated in vasospasm. An early randomized, placebo-controlled
trial investigated high-dose fish oil (approximately 3.96 g EPA + 2.64 g DHA daily) in patients
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with primary Raynaud’s phenomenon. After 12-17 weeks, fish oil supplementation
significantly delayed the onset of cold-induced vasospasm and increased digital systolic
pressures compared to placebo, suggesting enhanced vascular reactivity in response to cold
challenge. However, the study predated current standards in trial design, and the effects in
secondary Raynaud’s remain unclear. Despite these findings, consensus guidelines do not
currently endorse omega-3 supplementation specifically for Raynaud’s, although dietary
omega-3 intake may support general vascular health (50).

Dietary nitrate from beetroot juice (BJ) has been studied as a nutraceutical in Raynaud’s
phenomenon because it increases nitric oxide (NO) metabolites, which can enhance
vasodilation and microvascular blood flow. In a double-blind, randomized crossover trial,
chronic BJ supplementation increased thumb blood flow after cold challenge, enhanced
endothelium-dependent and -independent vasodilation, improved inflammatory status, and
reduced systolic and diastolic blood pressure in adults with RP compared to baseline conditions.
Both nitrate-rich and nitrate-depleted BJ showed some benefits, suggesting that other bioactive
beetroot components may contribute (51)

Ginkgo biloba extract has been hypothesized to improve microvascular circulation. Some small,
double-blind studies have reported reduced frequency of Raynaud’s episodes with high-dose
Ginkgo compared to placebo in primary Raynaud’s, though effects on severity and duration are
inconsistent and these studies predate rigorous modern trial design standards (52).

In summary, although several supplements demonstrate biological plausibility in improving
endothelial function or reducing oxidative stress, current evidence does not support their routine
use as primary therapy for Raynaud’s phenomenon. Most modern reviews highlight the need
for well-designed, adequately powered randomized controlled trials before nutraceuticals can
be incorporated into evidence-based treatment algorithms (4,13).

Discussion

Raynaud’s phenomenon (RP) is a complex disorder with multifactorial pathophysiology,
variable clinical presentation, and limited high-quality evidence guiding management. This
review summarized non-pharmacologic strategies, first- and second-line pharmacologic
therapy, prostanoids, endothelin receptor antagonists, surgical interventions, and adjunctive
dietary or nutraceutical therapies.
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Non-pharmacologic measures - trigger avoidance, temperature management, smoking cessation,
stress reduction, and patient education - remain foundational, particularly in primary RP, and
can significantly reduce attack frequency and severity (4,6).

Calcium channel blockers (CCBs) are first-line pharmacologic therapy. Meta-analyses and
trials show reductions in attack frequency, duration, and severity, with dihydropyridine agents
preferred due to selective peripheral vasodilation and favorable safety (4,21). PDE-5 inhibitors
offer modest benefit in refractory cases, and prostanoids, primarily IV iloprost, are important
for severe ischemia or digital ulcers (23,24). Endothelin receptor antagonists such as bosentan
prevent new digital ulcers in secondary RP but have limited effect on established lesions or
attack frequency (29). Other pharmacologic agents - including al-blockers, SSRIs, ACE
inhibitors, ARBSs, nitrates, pentoxifylline, and statins - remain investigational (26,33,36).

Surgical and revascularization interventions are reserved for refractory or ischemic RP. Digital
sympathectomy may reduce ischemic pain and promote ulcer healing, while angioplasty can
restore flow in proximal arterial stenosis. Thoracic sympathectomy is now rarely indicated due
to variable efficacy and potential adverse effects. Multidisciplinary care is essential in these
complex cases (44-48).

Adjunctive nutraceuticals - vitamin D3, omega-3 fatty acids, Ginkgo biloba, dietary nitrate -
have biological plausibility but lack high-quality clinical evidence and should not replace
established therapies (49-51). Clinicians should monitor supplement use for potential
interactions and guide realistic expectations.

Limitations and Evidence Gaps

Across all therapeutic domains, the primary limitation is the paucity of large, well-powered
randomized controlled trials. Heterogeneity in patient populations (primary versus secondary
RP), outcome definitions, dosing regimens, and intervention protocols complicates direct
comparison and meta-analytic synthesis. Many studies are small, single-center, or observational,
limiting generalizability (4,6). Long-term safety data for novel interventions such as botulinum
toxin, ERAS, and prostanoids remain limited, and optimal treatment algorithms are yet to be
established. In addition, objective measures of microvascular perfusion and standardized
outcome reporting are inconsistently applied, further challenging interpretation (4,6,39).
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Future Directions

Future research should prioritize multicenter, randomized trials with standardized definitions
of RP, objective vascular endpoints, and clinically relevant outcomes including digital ulcer
prevention and quality-of-life measures. Mechanistic studies exploring endothelial, neural, and
inflammatory pathways may inform targeted therapies and personalized treatment selection.
The integration of non-pharmacologic interventions, nutraceuticals, and pharmacologic agents
in combinatory strategies also warrants rigorous evaluation. Finally, development of evidence-
based guidelines for refractory RP, including invasive and surgical options, remains a high-
priority need.

Conclusion

Management of Raynaud’s phenomenon requires a nuanced, individualized approach that
balances lifestyle interventions, first- and second-line pharmacologic therapies, and, in selected
cases, invasive or adjunctive measures. While significant progress has been made in
understanding the pathophysiology and expanding the therapeutic armamentarium, substantial
evidence gaps persist. High-quality trials, standardized outcome reporting, and mechanistic
insights are urgently needed to optimize care and improve long-term outcomes in patients with
both primary and secondary RP.

Author’s contribution

Project administration: Paulina Madura, Wiktoria Zawislak, Maria Dabrowska, Konrad
Gawin

Formal analysis: Daria Mrozik-Gatecka, Anita Ignasiak, Michat Cisowski

Writing (rough preparation): Paulina Madura, Maria Dabrowska, Jolanta Cholewinska-
Rychlica, Kacper Rychlica

Software: Paulina Madura, Daria Mrozik-Gatecka, Jolanta Cholewinska-Rychlica
Supervision: Anita Ignasiak, Kacper Rychlica, Daria Mrozik-Gatecka, Konrad Gawin
Check: Maria Dabrowska, Wiktoria Zawislak

Conceptualization: Daria Mrozik-Gatecka, Anita Ignasiak, Paulina Madura, Konrad Gawin

All authors have read and agreed with published version of the manuscript.

22



Financing statement:

This research received no external funding.
Institutional Review Board Statement:
Not applicable.

Informed Consent Statement:

Not applicable.

Data Availability Statement:

Not applicable.

Conflict of interest:

The authors deny any conflict of interest.

Declaration of generative Al and Al-assisted technologies in the writing process.

In preparing this work, the authors used ChatGPT for the purpose of searching for articles,
summarizing articles, constructing sentences, enhancing english level. After using this
tool/service, the authors have reviewed and edited the content as needed and accept full

responsibility for the substantive content of the publication.

References

1. Nawaz, I., Nawaz, Y., Nawaz, E., Manan, M. R., & Mahmood, A. (2022). Raynaud's Phenomenon:
Reviewing the Pathophysiology and Management  Strategies. Cureus, 14(1), e21681.
https://doi.org/10.7759/cureus.21681

2. Garner, R., Kumari, R., Lanyon, P., Doherty, M., & Zhang, W. (2015). Prevalence, risk factors and
associations of primary Raynaud's phenomenon: systematic review and meta-analysis of observational
studies. BMJ open, 5(3), e006389. https://doi.org/10.1136/bmjopen-2014-006389

3. Ture,H. Y., Lee, N. Y., Kim, N.R.,, & Nam, E. J. (2024). Raynaud's Phenomenon: A Current Update
on Pathogenesis, Diagnostic Workup, and Treatment. Vascular specialist international, 40, 26.
https://doi.org/10.5758/vsi.240047

4. Haque, A., & Hughes, M. (2020). Raynaud's phenomenon. Clinical medicine (London,
England), 20(6), 580 - 587. https://doi.org/10.7861/clinmed.2020-0754

23


https://doi.org/10.7759/cureus.21681
https://doi.org/10.1136/bmjopen-2014-006389
https://doi.org/10.5758/vsi.240047
https://doi.org/10.7861/clinmed.2020-0754

5. Choi, E., & Henkin, S. (2021). Raynaud's phenomenon and related vasospastic disorders. Vascular
medicine (London, England), 26(1), 56 - 70. https://doi.org/10.1177/1358863X20983455

6. Pauling, J. D., Hughes, M., & Pope, J. E. (2019). Raynaud's phenomenon-an update on diagnosis,
classification and management. Clinical rheumatology, 38(12), 3317 - 3330.
https://doi.org/10.1007/s10067-019-04745-5

7. Tervi, A., Ramste, M., Abner, E., Cheng, P., Lane, J. M., Maher, M., Valliere, J., Lammi, V., Strausz,
S., Riikonen, J., Nguyen, T., Martyn, G. E., Sheth, M. U., Xia, F., Docampo, M. L., Gu, W., FinnGen,
Estonian Biobank research team, Esko, T., Saxena, R., Pirinen, M., ... Ollila, H. M. (2024). Genetic and
functional analysis of Raynaud's syndrome implicates loci in vasculature and immunity. Cell
genomics, 4(9), 100630. https://doi.org/10.1016/j.xgen.2024.100630

8. Taher, R., Sara, J. D., Toya, T., Shepherd, R., Moder, K., Lerman, L. O., & Lerman, A. (2020).
Secondary Raynaud's phenomenon is associated with microvascular peripheral endothelial
dysfunction. Microvascular research, 132, 104040. https://doi.org/10.1016/j.mvr.2020.104040

9. Denton, C. P., & Khanna, D. (2017). Systemic sclerosis. Lancet (London, England), 390(10103),
1685 - 1699. https://doi.org/10.1016/S0140-6736(17)30933-9

10. Saygin, D., Highland, K. B., & Tonelli, A. R. (2019). Microvascular involvement in systemic
sclerosis and systemic lupus erythematosus. Microcirculation (New York, N.Y. : 1994), 26(3), e12440.
https://doi.org/10.1111/micc.12440

11. Barsotti, S., Orlandi, M., Codullo, V., Di Battista, M., Lepri, G., Della Rossa, A., & Guiducci, S.
(2019). One year in review 2019: systemic sclerosis. Clinical and experimental rheumatology, 37 Suppl
119(4), 3 - 14.

12. Arefiev, K., Fiorentino, D. F., & Chung, L. (2011). Endothelin Receptor Antagonists for the
Treatment of Raynaud's Phenomenon and Digital Ulcers in Systemic Sclerosis. International journal of
rheumatology, 2011, 201787. https://doi.org/10.1155/2011/201787

13. Herrick A. L. (2019). Raynaud's phenomenon. Journal of scleroderma and related disorders, 4(2),
89 - 101. https://doi.org/10.1177/2397198319826467

14. Maciejewska, M., Sikora, M., Maciejewski, C., Alda-Malicka, R., Czuwara, J., & Rudnicka, L.
(2022). Raynaud's Phenomenon with Focus on Systemic Sclerosis. Journal of clinical medicine, 11(9),
2490. https://doi.org/10.3390/jcm11092490

15. Brunner-Ziegler, S., Dassler, E., Miller, M., Pratscher, M., Forstner, N. F. M., Koppensteiner, R.,
Schlager, O., & Jilma, B. (2024). Capillaroscopic differences between primary Raynaud phenomenon
and healthy controls indicate potential microangiopathic involvement in benign vasospasms. Vascular
medicine (London, England), 29(2), 200 - 207. https://doi.org/10.1177/1358863X231223523

16. Ramahi, A., Hughes, M., & Khanna, D. (2022). Practical management of Raynaud's phenomenon -
a primer for practicing physicians. Current opinion in rheumatology, 34(4), 235 - 244,
https://doi.org/10.1097/BOR.0000000000000877

17. Costa, E., Cunha-Santos, F., Dourado, E., Oliveira, D., Falzon, L., Roméao, V., Duarte, A. C.,
Cordeiro, A., Santiago, T., & Sepriano, A. (2024). Systematic literature review to inform the Portuguese
recommendations for the management of Raynaud's phenomenon and digital ulcers in systemic sclerosis

24


https://doi.org/10.1177/1358863X20983455
https://doi.org/10.1007/s10067-019-04745-5
https://doi.org/10.1016/j.xgen.2024.100630
https://doi.org/10.1016/j.mvr.2020.104040
https://doi.org/10.1016/S0140-6736(17)30933-9
https://doi.org/10.1111/micc.12440
https://doi.org/10.1155/2011/201787
https://doi.org/10.1177/2397198319826467
https://doi.org/10.3390/jcm11092490
https://doi.org/10.1177/1358863X231223523
https://doi.org/10.1097/BOR.0000000000000877

and other connective tissue diseases. Systematic literature review to inform the Portuguese
recommendations for the management of Raynaud’s phenomenon and digital ulcers in systemic
sclerosis and other connective tissue diseases. ARP rheumatology, 3(Apr-Jun), 128 - 144,
https://doi.org/10.63032/YHBL 8967

18. Santiago, T., Duarte, A. C., Sepriano, A., Castro, A., Rosa, B., Resende, C., Oliveira, D., Dourado,
E., Costa, E., Cunha-Santos, F., Terroso, G., Boleto, G., Silva, I., Barbosa, L., Silva, J., Sousa Neves, J.,
Salvador, M. J., Gongalves, M. J., Gomes Guerra, M., Miriam Ferreira, R., ... Cordeiro, A. (2024).
Portuguese Recommendations for the management of Raynaud's phenomenon and digital ulcers in
systemic sclerosis and other connective tissue diseases. Portuguese Recommendations for the
management of Raynaud's phenomenon and digital ulcers in systemic sclerosis and other connective
tissue diseases. ARP rheumatology, 3(2), 84 - 94.

19. Ratchford, E. V., & Evans, N. S. (2015). Raynaud's phenomenon. Vascular medicine (London,
England), 20(3), 269 - 271. https://doi.org/10.1177/1358863X15579122

20. Musa R, Qurie A. Raynaud Disease. In: StatPearls. Treasure Island (FL): StatPearls Publishing;
August 8, 2023.

21. Ennis, H., Hughes, M., Anderson, M. E., Wilkinson, J., & Herrick, A. L. (2016). Calcium channel
blockers for primary Raynaud's phenomenon. The Cochrane database of systematic reviews, 2(2),
CD002069. https://doi.org/10.1002/14651858.CD002069.pub5

22. Rirash, F., Tingey, P. C., Harding, S. E., Maxwell, L. J., Tanjong Ghogomu, E., Wells, G. A,,
Tugwell, P., & Pope, J. (2017). Calcium channel blockers for primary and secondary Raynaud's
phenomenon. The  Cochrane  database @ of  systematic  reviews, 12(12),  CD000467.
https://doi.org/10.1002/14651858.CD000467.pub2

23. Rademacher, J. G., Wincup, C., Tampe, B., & Korsten, P. (2020). Combination therapy with
bosentan and sildenafil for refractory digital ulcers and Raynaud's phenomenon in a 30-year-old woman
with systemic sclerosis: Case report and literature review. Journal of scleroderma and related
disorders, 5(2), 159 - 164. https://doi.org/10.1177/2397198319876738

24. Maltez, N., Maxwell, L. J., Rirash, F., Tanjong Ghogomu, E., Harding, S. E., Tingey, P. C., Wells,
G. A, Tugwell, P., & Pope, J. (2023). Phosphodiesterase 5 inhibitors (PDES5i) for the treatment of
Raynaud's phenomenon. The Cochrane database of systematic reviews, 11(11), CD014089.
https://doi.org/10.1002/14651858.CD014089

25. Kowal-Bielecka, O., Fransen, J., Avouac, J., Becker, M., Kulak, A., Allanore, Y., Distler, O.,
Clements, P., Cutolo, M., Czirjak, L., Damjanov, N., Del Galdo, F., Denton, C. P., Distler, J. H. W.,
Foeldvari, 1., Figelstone, K., Frerix, M., Furst, D. E., Guiducci, S., Hunzelmann, N., ... EUSTAR
Coauthors (2017). Update of EULAR recommendations for the treatment of systemic sclerosis. Annals
of the rheumatic diseases, 76(8), 1327 - 1339. https://doi.org/10.1136/annrheumdis-2016-209909

26. Su, K. Y., Sharma, M., Kim, H. J., Kaganov, E., Hughes, I., Abdeen, M. H., & Ng, J. H. K. (2021).
Vasodilators for primary Raynaud's phenomenon. The Cochrane database of systematic reviews, 5(5),
CD006687. https://doi.org/10.1002/14651858.CD006687.pub4

27. Ingegnoli, F., Schioppo, T., Allanore, Y., Caporali, R., Colaci, M., Distler, O., Furst, D. E.,
Hunzelmann, N., lannone, F., Khanna, D., & Matucci-Cerinic, M. (2019). Practical suggestions on
intravenous iloprost in Raynaud's phenomenon and digital ulcer secondary to systemic sclerosis:

25


https://doi.org/10.63032/YHBL8967
https://doi.org/10.1177/1358863X15579122
https://doi.org/10.1002/14651858.CD002069.pub5
https://doi.org/10.1002/14651858.CD000467.pub2
https://doi.org/10.1177/2397198319876738
https://doi.org/10.1002/14651858.CD014089
https://doi.org/10.1136/annrheumdis-2016-209909
https://doi.org/10.1002/14651858.CD006687.pub4

Systematic literature review and expert consensus. Seminars in arthritis and rheumatism, 48(4), 686 -
693. https://doi.org/10.1016/j.semarthrit.2018.03.019

28. Arefiev, K., Fiorentino, D. F., & Chung, L. (2011). Endothelin Receptor Antagonists for the
Treatment of Raynaud's Phenomenon and Digital Ulcers in Systemic Sclerosis. International journal of
rheumatology, 2011, 201787. https://doi.org/10.1155/2011/201787

29. Korn, J. H., Mayes, M., Matucci Cerinic, M., Rainisio, M., Pope, J., Hachulla, E., Rich, E.,
Carpentier, P., Molitor, J., Seibold, J. R., Hsu, V., Guillevin, L., Chatterjee, S., Peter, H. H., Coppock,
J., Herrick, A., Merkel, P. A., Simms, R., Denton, C. P., Furst, D., ... Black, C. (2004). Digital ulcers in
systemic sclerosis: prevention by treatment with bosentan, an oral endothelin receptor
antagonist. Arthritis and rheumatism, 50(12), 3985 - 3993. https://doi.org/10.1002/art.20676

30. Matucci-Cerinic, M., Denton, C. P., Furst, D. E., Mayes, M. D., Hsu, V. M., Carpentier, P., Wigley,
F. M., Black, C. M., Fessler, B. J., Merkel, P. A., Pope, J. E., Sweiss, N. J., Doyle, M. K., Hellmich, B.,
Medsger, T. A., Jr, Morganti, A., Kramer, F., Korn, J. H., & Seibold, J. R. (2011). Bosentan treatment
of digital ulcers related to systemic sclerosis: results from the RAPIDS-2 randomised, double-blind,
placebo-controlled  trial. Annals  of  the  rheumatic  diseases, 70(1), 32 -  38.
https://doi.org/10.1136/ard.2010.130658

31. Khanna D, Denton CP, Merkel PA, et al. Effect of Macitentan on the Development of New Ischemic
Digital Ulcers in Patients With Systemic Sclerosis: DUAL-1 and DUAL-2 Randomized Clinical
Trials. JAMA. 2016;315(18):1975-1988. doi:10.1001/jama.2016.5258

32. Dziadzio, M., Denton, C. P., Smith, R., Howell, K., Blann, A., Bowers, E., & Black, C. M. (1999).
Losartan therapy for Raynaud's phenomenon and scleroderma: clinical and biochemical findings in a
fifteen-week, randomized, parallel-group, controlled trial. Arthritis and rheumatism, 42(12), 2646 -
2655. https://doi.org/10.1002/1529-0131(199912)42:12<2646::AID-ANR21>3.0.CO;2-T

33. Pope, J., Fenlon, D., Thompson, A., Shea, B., Furst, D., Wells, G., & Silman, A. (2000). Prazosin
for Raynaud's phenomenon in progressive systemic sclerosis. The Cochrane database of systematic
reviews, 1998(2), CD000956. https://doi.org/10.1002/14651858.CD000956

34. Challenor VF. Angiotensin converting enzyme inhibitors in Raynaud's phenomenon. Drugs.
1994;48(6):864-867. doi:10.2165/00003495-199448060-00003

35. Hinze, A. M., & Wigley, F. M. (2018). Pharmacotherapy Options in the Management of Raynaud's
Phenomenon. Current treatment options in rheumatology, 4(3), 235 - 254.
https://doi.org/10.1007/s40674-018-0102-6

36. Coleiro, B., Marshall, S. E., Denton, C. P., Howell, K., Blann, A., Welsh, K. I., & Black, C. M.
(2001). Treatment of Raynaud's phenomenon with the selective serotonin reuptake inhibitor
fluoxetine. Rheumatology (Oxford, England), 40(9), 1038 - 1043.
https://doi.org/10.1093/rheumatology/40.9.1038

37. Wood, H. M., & Ernst, M. E. (2006). Renin-angiotensin system mediators and Raynaud's
phenomenon. The Annals of pharmacotherapy, 40(11), 1998 - 2002. https://doi.org/10.1345/aph.1H201

38. lorio, M. L., Masden, D. L., & Higgins, J. P. (2012). Botulinum toxin A treatment of Raynaud's
phenomenon: a review. Seminars in arthritis and rheumatism, 41(4), 599 - 603.
https://doi.org/10.1016/j.semarthrit.2011.07.006

26


https://doi.org/10.1016/j.semarthrit.2018.03.019
https://doi.org/10.1155/2011/201787
https://doi.org/10.1002/art.20676
https://doi.org/10.1136/ard.2010.130658
https://doi.org/10.1002/14651858.CD000956
https://doi.org/10.1007/s40674-018-0102-6
https://doi.org/10.1093/rheumatology/40.9.1038
https://doi.org/10.1345/aph.1H201
https://doi.org/10.1016/j.semarthrit.2011.07.006

39. Neumeister M. W. (2010). Botulinum toxin type A in the treatment of Raynaud's phenomenon. The
Journal of hand surgery, 35(12), 2085 - 2092. https://doi.org/10.1016/j.jhsa.2010.09.019

40. Bello, R. J., Cooney, C. M., Melamed, E., Follmar, K., Yenokyan, G., Leatherman, G., Shah, A. A,,
Wigley, F. M., Hummers, L. K., & Lifchez, S. D. (2017). The Therapeutic Efficacy of Botulinum Toxin
in Treating Scleroderma-Associated Raynaud's Phenomenon: A Randomized, Double-Blind, Placebo-
Controlled Clinical Trial. Arthritis & rheumatology (Hoboken, N.J.), 69(8), 1661 - 1669.
https://doi.org/10.1002/art.40123

41. Medina, S., Gémez-Zubiaur, A., Valdeolivas-Casillas, N., Polo-Rodriguez, 1., Ruiz, L., Izquierdo,
C., Guirado, C., Cabrera, A., & Trasobares, L. (2018). Botulinum toxin type A in the treatment of
Raynaud's phenomenon: A three-year follow-up study. European journal of rheumatology, 5(4), 224 -
229, https://doi.org/10.5152/eurjrheum.2018.18013

42. Pirazzini, M., Rossetto, O., Eleopra, R., & Montecucco, C. (2017). Botulinum Neurotoxins: Biology,
Pharmacology, and Toxicology. Pharmacological reviews, 69(2), 200 - 235.
https://doi.org/10.1124/pr.116.012658

43. Motegi, S. |, Uehara, A., Yamada, K., Sekiguchi, A., Fujiwara, C., Toki, S., Date, Y., Nakamura,
T., & Ishikawa, O. (2017). Efficacy of Botulinum Toxin B Injection for Raynaud's Phenomenon and
Digital Ulcers in Patients with Systemic Sclerosis. Acta dermato-venereologica, 97(7), 843 - 850.
https://doi.org/10.2340/00015555-2665

44. Lien, P.-H., & Chen, S.-H. (2025). Advancements in Managing Intractable Raynaud Phenomenon:
The Role of Integrated Neurectomy and Sympathectomy. Seminars in Plastic Surgery, 39(3), 170 - 174.
https://doi.org/10.1055/s-0045-1809371

45. Yu, F., Liu, Y., Zhang, C., Pang, B., Zhang, D., Zhao, W., Li, X., & Yang, W. (2023). Efficacy
analysis of minimally invasive surgery for Raynaud's syndrome. BMC surgery, 23(1), 313.
https://doi.org/10.1186/s12893-023-02225-%

46. van Roon, A. M., Kuijpers, M., van de Zande, S. C., Abdulle, A. E., van Roon, A. M., Bos, R.,
Bouma, W., Klinkenberg, T. J., Bootsma, H., DeJongste, M. J. L., Mariani, M. A., Smit, A. J., & Mulder,
D. J. (2020). Treatment of resistant Raynaud's phenomenon with single-port thoracoscopic
sympathicotomy: a novel minimally invasive endoscopic technique. Rheumatology (Oxford,
England), 59(5), 1021 - 1025. https://doi.org/10.1093/rheumatology/kez386

47. Vegas, Diego & Fabiani, Mario Alejandro & Gonzalez-Urquijo, Mauricio & Bignotti, Agustin &
Seré, Ignacio & Salvadores, Pablo. (2021). Novel Combined Approach for Digital Necrosis Secondary
to Raynaud’s Phenomenon. Vascular and Endovascular  Surgery. 55.  766-771.
doi:10.1177/15385744211005663.

48. Park, S. O., Wang, H. W., Han, Y., & Ahn, H. C. (2024). Digital artery reconstruction with
interposition vein graft: impact on secondary Raynaud's phenomenon. Rheumatology (Oxford,
England), 63(8), 2123 - 2127. https://doi.org/10.1093/rheumatology/kead524

49. Hélou, J., Moutran, R., Maatouk, I., & Haddad, F. (2013). Raynaud's phenomenon and vitamin
D. Rheumatology international, 33(3), 751 - 755. https://doi.org/10.1007/s00296-012-2445-x

50. DiGiacomo, R. A., Kremer, J. M., & Shah, D. M. (1989). Fish-oil dietary supplementation in patients
with Raynaud's phenomenon: a double-blind, controlled, prospective study. The American journal of
medicine, 86(2), 158 - 164. https://doi.org/10.1016/0002-9343(89)90261-1

27


https://doi.org/10.1016/j.jhsa.2010.09.019
https://doi.org/10.1002/art.40123
https://doi.org/10.5152/eurjrheum.2018.18013
https://doi.org/10.1124/pr.116.012658
https://doi.org/10.2340/00015555-2665
https://doi.org/10.1055/s-0045-1809371
https://doi.org/10.1186/s12893-023-02225-x
https://doi.org/10.1093/rheumatology/kez386
https://doi.org/10.1093/rheumatology/kead524
https://doi.org/10.1007/s00296-012-2445-x
https://doi.org/10.1016/0002-9343(89)90261-1

51. Shepherd, A. 1., Costello, J. T., Bailey, S. J., Bishop, N., Wadley, A. J., Young-Min, S., Gilchrist,
M., Mayes, H., White, D., Gorczynski, P., Saynor, Z. L., Massey, H., & Eglin, C. M. (2019). "Beet" the
cold: beetroot juice supplementation improves peripheral blood flow, endothelial function, and anti-
inflammatory status in individuals with Raynaud's phenomenon. Journal of applied physiology
(Bethesda, Md. : 1985), 127(5), 1478 - 1490. https://doi.org/10.1152/japplphysiol.00292.2019

52. Muir, A. H., Robb, R., McLaren, M., Daly, F., & Belch, J. J. (2002). The use of Ginkgo biloba in
Raynaud's disease: a double-blind placebo-controlled trial. Vascular medicine (London, England), 7(4),
265 - 267. https://doi.org/10.1191/1358863x02vm4550a

28


https://doi.org/10.1152/japplphysiol.00292.2019
https://doi.org/10.1191/1358863x02vm455oa

