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oxide synthase 1 gene as significantly correlated 
with RP in the general population.4 Major risk fac‑
tors for primary RP include, in addition to the fe‑
male sex and family history, a previous sensation 
of cold hands, migraine, cardiovascular diseases, 
decreased body mass index, manual occupation 
(not including vibration tool use), and estrogen 
replacement therapy.3-6 Cigarette smoking and al‑
cohol consumption are still of unclear significance 
when concerning the prevalence of primary RP.7

Secondary RP associated with a known dis‑
ease, mainly with systemic sclerosis (SSc) (>80% 
of patients) or other connective tissue diseases 
(CTDs), is rare and accounts for 10% to 20% of 
all RP cases.8 Other common causes of second‑
ary RP include diseases of arteries in the upper 
limbs (60% of RP occurring in individuals older 
than 60 years), malignancies, endocrine diseas‑
es, occupational syndromes, hematologic disor‑
ders, and infections (TABLE 1).8,9 In addition, several 

Introduction  Raynaud phenomenon (RP) is de‑
fined as recurrent, reversible episodes of va‑
sospasm involving peripheral small vessels of 
the fingers and toes, at times also of the other ac‑
ral sites (nose, ears, oral mucosa, lips, or nipples), 
when exposed to a cold environment or stressful 
situation.1 This is characterized by a series of col‑
or changes in the affected area: first white (lack 
of blood flow), then bluish (deoxygenation of re‑
maining blood), and red (reperfusion). Attacks 
can cause distal pain, burning, numbness, and 
paresthesia.2 Regarding its etiology, RP is classi‑
fied as primary (idiopathic) or secondary. Prima‑
ry RP, which is an isolated finding without an un‑
derlying pathology, is common, occurring in about 
5% of the general population living in areas with 
cold climates.3 The prevalence of RP is higher in 
women (female‑to‑male ratio of 9 to 1). There is 
an associated genetic predisposition: one poly‑
morphic variant was identified within the nitric 

REVIEW ARTICLE

Recent advances in the workup and 
management of Raynaud phenomenon

Anna Lis‑Święty
Department of Dermatology, School of Medicine in Katowice, Medical University of Silesia, Katowice, Poland

Correspondence to:
Anna Lis‑Święty, MD, PhD, 
Department of Dermatology, 
Medical University of Silesia, 
ul. Francuska 20/24, 40-027 Katowice, 
Poland, phone: +48 32 256 11 82, 
email: alis‑swiety@sum.edu.pl
Received: September 9, 2019.
Revision accepted: 
September 29, 2019.
Published online: October 2, 2019.
Pol Arch Intern Med. 2019; 
129 (11): 798-808
doi:10.20452/pamw.15008
Copyright by Medycyna Praktyczna, 
Kraków 2019

KEY WORDS

capillaroscopy, 
Raynaud 
phenomenon, therapy, 
thermography, 
ultrasonography

ABSTRACT

Raynaud phenomenon (RP) is defined as recurrent, reversible episodes of vasospasm involving peripheral 
small vessels, typically in the fingers and toes. Primary (idiopathic) RP is common (it occurrs in about 5% 
of the general population) and is usually benign. Secondary RP accounts for 10% to 20% of all RP cases 
and may be associated with complications such as tissue loss, ulcers, and gangrene. Systemic sclerosis 
(SSc) or, more rarely, other connective tissue diseases are the main underlying conditions. A detailed 
clinical history and careful physical examination may be helpful in identifying the cause. Routine inves‑
tigations include a full blood count, measurement of erythrocyte sedimentation rate, C‑reactive protein, 
antinuclear antibody levels, biochemical profile, thyroid function tests, protein electrophoresis, chest 
X‑ray, and nailfold capillaroscopy. Capillaroscopy can facilitate a very early diagnosis of SSc. Doppler 
ultrasound is recommended to evaluate the risk of pathologies in large to medium–sized arteries. Lifestyle 
modifications may be sufficient to control primary RP, but some patients, and most with secondary RP, 
require pharmacologic treatment. Several medications are proposed to manage RP and its complica‑
tions, such as calcium channel blockers, phosphodiesterase type 5 inhibitors, intravenous prostanoids, 
and topical nitrates. However, scientific evidence for the use of these drugs is still weak to moderate. 
Despite the lack of efficacy of bosentan in RP treatment, this medication is approved for the secondary 
prevention of digital ulcers in patients with SSc. In conclusion, the management of RP still represents 
a challenge. Collaboration between healthcare professionals, patient organizations, and the society could 
encourage earlier medical assessment of people at risk of SSc.
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Primary RP has an earlier onset (median age 
at onset is around 14 years) and is characterized 
by milder symptoms.17 Secondary RP often has 
a later onset (usually after the age of 40, rare in 
children) with more severe symptoms, which leads 
to complications such as digital ulcers, finger ne‑
crosis, and amputation or associated infection and 
osteomyelitis.17 Early detection of SSc or any oth‑
er cause of secondary RP could allow early treat‑
ment and better patient outcomes.

The aim of this review was to clarify and pro‑
vide update on the workup and management of 
RP based on the published data from the past 
4 years. The MEDLINE database was searched for 
primary and secondary sources related to the top‑
ic, using the term “Raynaud’s phenomenon.”

Aspects of differential diagnosis  The triphasic or 
biphasic color changes are required to make the di‑
agnosis of RP.18 White (pallor) and blue (cyanosis) 
are the 2 most important colors (FIGURE 1A and 
1B).18 Patients must report cold temperatures as 
one of the triggers for their RP attacks.18 In con‑
trast, blue or purple finger syndromes present 
with no changes in color when subject to tem‑
perature changes.19 Triggers other than cold 
(eg, emotional stress), standardized question‑
naires, photographs of episodes provided by pa‑
tients, bilateral hand involvement even if asyn‑
chronous and asymmetrical, history of attacks 
at sites other than the hands, well demarcated 

medications, such as antimigraine drugs (ergot al‑
kaloids), nonselective β‑blockers, clonidine, psy‑
chostimulants (cocaine, amphetamine, methyl‑
phenidate), atomoxetine, risperidone, and aripip‑
razole are known to induce secondary RP.10,11 In‑
terferons, ribavirin, cyclosporine, chemotherapies 
(bleomycin, vinca alkaloids, gemcitabine, and cis‑
platin), and selective serotonin reuptake inhibi‑
tors (insufficient scientific evidence to be recom‑
mended in the treatment of RP) were also report‑
ed to be related with RP.12 Furthermore, a recent 
analysis in the World Health Organization phar‑
macovigilance database VigiBase revealed a pos‑
sible risk of RP with the use of proton pump in‑
hibitors.13 Additionally, even though there are 
no descriptions in the literature, unexpected RP 
was reported to be associated with exposure to 
drugs (hepatitis B vaccine, isotretinoin, lefluno‑
mide, hydroxycarbamide, rofecoxib, telmisartan, 
and zolmitriptan).14

The pathophysiology of RP is complex and only 
partially known. Mechanisms for RP include aug‑
mented activity of postsynaptic α2-adrenergic re‑
ceptors and closing of both arteriovenous anasto‑
moses and finger arterioles.15 Secondary RP in SSc 
underlies a microvasculopathy and an abnormal 
function of the endothelium, leading to an im‑
balance of vasoactive factors including, among 
others, the overproduction of the vasoconstric‑
tor endothelin 1 (ET‑1) and underproduction of 
the vasodilator nitric oxide and prostacyclin.16

TABLE 1  Nonautoimmune causes of secondary Raynaud phenomenon

Obstructive vascular diseases Atherosclerosis, microemboli, diabetic angiopathy, thromboangiitis obliterans 
(Buerger disease)

Malignancies Adenocarcinomas (lung, breast, ovarian), hematologic malignancies

Endocrine diseases Hypo- and hyperthyroidism, carcinoid syndrome, pheochromocytoma

Hematologic disorders Cryofibrinogenemia, cold agglutinin disease, paraproteinemia, multiple myeloma, 
polycythemia, microthromboembolism

Infections Parvovirus B19, cytomegalovirus, hepatitis B and C viruses, Helicobacter pylori, 
mycoplasma

Mechanical factors Crutch pressure, thoracic outlet syndrome, scalenus anticus syndrome, cervical 
rib, carpal tunnel syndrome

Occupational and environmental 
exposure

Vibration (white hand vibration syndrome), trauma to the upper extremities 
(hypothenar or thenar hammer syndrome), frostbite, vinyl chloride monomer, 
chlorinated and nonchlorinated solvents (acetone, toluene, xylene, etc)

FIGURE 1�  Raynaud 
phenomenon; episodes of 
vasospasm in the fingers 
characterized by color 
changes: 
A – white  (pallor); 
B – blue (cyanosis)

A B
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capillaries, elongated or short capillaries, hemor‑
rhages, avascular areas, and neoangiogenic capil‑
laries.24 International multicenter studies demon‑
strated that the reliability of the simple capillaro‑
scopic definition of normal and abnormal mor‑
phologies of capillaries was excellent, even when 
used by clinicians with varying levels of expertise 
in capillaroscopy (FIGURE 2A and 2B).25,26 The pres‑
ence of giant capillaries and microhemorrhages 
and the number of capillaries have a significant 
prognostic value for predicting SSc or a sclero‑
derma spectrum disorder.24 Furthermore, capil‑
laroscopy identifies morphological patterns spe‑
cific to various SSc microangiopathy stages and 
is now included in the diagnostic criteria for pri‑
mary RP, in the criteria for very early diagnosis 
of SSc (VEDOSS), and in the American College of 
Rheumatology / European League Against Rheu‑
matism (EULAR) classification criteria for SSc.24 
The early pattern is characterized by the presence 
of a few enlarged and giant capillaries and no evi‑
dent loss of capillaries, with a well-preserved cap‑
illary distribution (FIGURE 3A).24 In the active pat‑
tern, there are frequent giant capillaries and mi‑
crohemorrhages, as well as a moderate loss of cap‑
illaries with mild disorganization of the capillary 
architecture (FIGURE 3B).24 Typical characteristics 
in the late pattern include a severe loss of capil‑
laries with extensive avascular areas and disor‑
ganization of the normal capillary array, associ‑
ated with no giant capillaries and microhemor‑
rhages, as well as the presence of abnormal cap‑
illaries (FIGURE 3C).24 The presence of active and 
late patterns on capillaroscopy was associated 
with a 30-fold increased risk of definite SSc over 
a 3-year follow-up.27

Patients with primary RP with nonspecific nail‑
fold capillary alterations (dilations of a capillary 
diameter of 20 µm to 50 µm at the level of the 
arterial branch, microhemorrhages, and a reduc‑
tion of capillary number <7) at the first capilla‑
roscopic evaluation should be closely monitored 
at least every 6 months, as they run a higher risk 
of transition to secondary RP.28 The pattern of SSc 
on capillaroscopy can facilitate very early diagno‑
sis of SSc and scleroderma spectrum disorders as 
well as their sequelae in patients with RP.29 A cor‑
relation between capillaroscopic findings (capil‑
lary loss and severe deformity) and the presence 

color changes, numbness, and paresthesia are 
deemed helpful but not required to diagnose RP.18 
Clinical recognition of the functional vascular ac‑
rosyndromes, such as erythromelalgia, acrocya‑
nosis, and chilblains, helps avoid an unnecessary 
investigation, although these disorders may co‑
exist with RP.20 To evaluate for large‑vessel oc‑
clusive arterial disease, peripheral pulse exami‑
nation (palpation of the subclavian, brachial, ra‑
dial, and ulnar arteries), the Allen test and seg‑
mental blood pressure measurements in the up‑
per extremity can be performed.

Laboratory examinations  All patients presenting 
with RP should undergo blood tests including full 
blood count, measurement of erythrocyte sedi‑
mentation rate or serum C‑reactive protein lev‑
els, and antinuclear antibody (ANA) testing.21 It 
is known that the presence of SSc‑associated an‑
tibodies (anticentromere, anti‑topoisomerase I, 
or anti‑RNA polymerase III) and abnormal nail‑
fold capillaries at baseline increases the likeli‑
hood of developing definite SSc, whereas their 
absence at baseline practically excludes this out‑
come.22 Positivity for ANAs is also an important 
predictive factor for the evolution to CTD other 
than SSc.22 In particular, most of the transitions 
to CTD were toward undifferentiated CTD and 
systemic lupus erythematosus.22 The routine in‑
vestigations should also comprise a biochemical 
profile, thyroid function tests, protein electro‑
phoresis, and chest radiography.23

Evaluation of the microcirculation  Capillaroscopy  
Capillaroscopy is used to analyze in vivo imag‑
es of skin microcirculation in the nailfold bed 
of the second to fifth fingers of each hand. This 
method detects and quantifies the microvascular 
changes that characterize secondary RP associat‑
ed with SSc or scleroderma spectrum disorders.24 
The main parameters that are assessed on capil‑
laroscopic examination are as follows: shape of 
capillaries, distribution, mean diameter of the ar‑
terial limb, mean diameter of the venous limb, 
mean capillary length, mean capillary density 
(normal range, 7–12 capillaries/mm), visibility of 
the subpapillary plexus, and presence of abnor‑
malities such as capillary tortuosity, dilated (capil‑
lary limb >20 μm) or giant (capillary limb >50 μm) 

FIGURE 2�  Nailfold 
capillary morphology: 
A – normal capillaries; 
B – abnormal results 
showing marked 
tortuosity with varied 
appearance, dilated and 
giant capillaries 
(magnification ×200)

A B



REVIEW ARTICLE  Workup and management of Raynaud phenomenon 801

practice as well as for research purposes, provid‑
ing an opportunity for the assessment of capil‑
lary distribution and certain details in the struc‑
ture of the capillary loops.21 An excellent inter- 
and intraobserver agreement was also obtained 
by experienced vascular physicians for the di‑
agnosis of SSc pattern with a magnification of 
×100.38 According to the authors, it is easier to 
assess the global architecture of the capillary 
bed using wide‑field capillaroscopy (×100) than 
narrow‑field capillaroscopy (×200).38 A compar‑
ative evaluation of dermoscopy and capillaros‑
copy in RP showed that 80% of patients had 
the same status, normal or abnormal, for both 
capillaroscopy and dermoscopy, which result‑
ed in the same clinical management.39 None‑
theless, the reference method continues to be 
capillaroscopy.39

Infrared thermography  Thermography assesses 
vascular function (blood flow), providing a color 
image of the surface temperature (FIGURE 4). Dy‑
namic testing of patients’ response to cold chal‑
lenge is mainly used to diagnose RP.40 The as‑
sessed parameters are basal temperature prior 
to cold provocation, temperature immediately 
after the cold challenge, the maximum temper‑
ature recovery rate (the time between the end 
of the cold challenge and the onset of rewarm‑
ing), recovery index (the ratio between a tem‑
perature increase and an initial temperature de‑
crease × 100%).40 The thermal gradient (finger‑
tips and the dorsum of the hand difference) may 
be applied to differentiate between healthy in‑
dividuals and those with RP.40 While in healthy 
people the thermal gradient is typically posi‑
tive, in RP it is usually negative due to a low‑
er digital temperature (~26°C–28°C) in com‑
parison with the dorsum of the hand (~31°C) 
in the resting state or in response to cold prov‑
ocation.41 Patients with RP reheat their hands 
slower than controls.41 After the ice water im‑
mersion test, the digital temperature of healthy 
persons returns to normal in 10 minutes or less, 
whereas in patients with RP, it takes much lon‑
ger (about 35 minutes).41 Campos et al42 sug‑
gested that the ring finger (fourth finger) could 
become a reference in studies to determine cut‑
ting points and to facilitate the clinical diagnosis 

of interstitial lung disease in patients with SSc 
was observed.29 Pulmonary, cardiac, and gastro‑
intestinal involvement may be present at the very 
early stage of SSc and must be screened.29 A high‑
er prevalence of abnormal pulmonary function 
tests was also revealed in patients with prima‑
ry Sjögren syndrome, systemic lupus erythema‑
tosus, and mixed CTDs.30-33 Therefore, it is pro‑
posed to screen for pulmonary arterial hyper‑
tension and interstitial lung disease in all RP pa‑
tients with CTD.

The high intra- and interrater reliability sug‑
gests that an overall image grade, capillary den‑
sity (vessels/mm), and mean vessel apical width 
have a potential as outcome measures in longitu‑
dinal studies.34 Few papers reported a semiauto‑
mated or fully automated methods for the quan‑
titative assessment of the absolute nailfold cap‑
illary number on capillaroscopy images.35 Capil‑
lary density is the most reliable capillaroscopic 
parameter for predicting SSc progression and de‑
tecting therapy outcomes.35 This parameter was 
used for the construction of several scoring sys‑
tems, such as the capillaroscopic skin ulcer risk 
index (CSURI), the microangiopathy evolution 
score, and the simple day‑to‑day risk.36,37

Capillaroscopy should only be carried out us‑
ing equipment of good optical quality and by 
an experienced operator, usually in secondary 
or tertiary care.21 Digital videocapillaroscopy is 
now a gold standard: it provides a significantly 
higher magnification (from ×50 to ×1000) and 
allows a precise measurement of capillaroscop‑
ic parameters.21 Magnification of ×200 is one of 
the most suitable options for everyday clinical 

FIGURE 3�   
Morphological patterns 
specific to various 
degrees of 
microangiopathy in 
systemic sclerosis: 
A – early pattern; 
B – active pattern; 
C – late pattern 
(magnification ×200)

C

A B
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It seems that the novel multisite photoplethys‑
mography might be a practical and low‑cost car‑
diovascular assessment tool for differentiating SSc 
from healthy controls and patients with primary 
RP by measuring endothelial function.48 Endothe‑
lial and autonomic function as well as arterial dis‑
ease were assessed using a pulse‑wave analysis.48

The identification of patients with RP and eval‑
uation of their response to a cold stimulus over 
time by using photoacoustic imaging with a center 
frequency of 18 MHz and an optical wavelength 
range of 680 nm to 970 nm, which allowed to 
quantify tissue oxygenation levels, were also re‑
ported.49 However, all these techniques are cur‑
rently mainly available only in specialist centers 
and need further validation studies prior to their 
implementation in clinical practice.50

Evaluation of a potential pathology in large to medium–
sized arteries  Doppler ultrasonography is com‑
monly used for evaluation of peripheral blood 
flow in patients with RP.51 Some researchers pre‑
fer color Doppler ultrasound and only use pow‑
er Doppler ultrasound if the flow is very low.52 
Baseline flow volume measurement can be rec‑
ommended to patients who refuse the examina‑
tion with cold provocation.52 Vessel diameter and 
flow rate at baseline and after cold provocation 
were found to be lower in patients with prima‑
ry and secondary RP than in the control group.52 
Flow volume normalization time was found to be 
different in primary and secondary RP than that 
in the healthy group, even after treatment.52 Ves‑
sel patency and wall damage of the digital arter‑
ies could be visualized in patients with second‑
ary RP.53 As structural changes are very common 
in patients with SSc, a significant co‑occurrence 
of vasculopathy (number of narrowed or occlud‑
ed digital arteries) and concomitant digital ulcers 
or pitting scars in the same finger were found.53 
Examination of digits II to V selectively might be 
a prognostic tool for the development of digital 
ulcers in patients with SSc in future studies.53 Le‑
scoat et al54 and Schioppo et al55 suggested that 
the ulnar artery occlusion and finger pulp blood 
flow were associated with capillary loss assessed 
by nailfold videocapillaroscopy, but longitudinal 
studies are needed to explore the predictive val‑
ue of these parameters.

The differentiation between a vasospastic and 
an obstructive mechanism may be also made using 
finger systolic pressures, pulse volume recording, 
or pulse contour analysis by strain-gauge plethys‑
mography or photoplethysmography.48 A differ‑
ence of more than 15 mm Hg between fingers or 
an absolute finger systolic blood pressure of less 
than 70 mm Hg may indicate occlusive disease.48 
The normal finger–brachial index may range from 
0.8 to 1.3. Sphygmic wave amplitude is markedly 
lower in RP patients than in healthy controls.48

Conventional angiography and magnetic res‑
onance angiography provide anatomic informa‑
tion about the location and extension of the oc‑
clusive lesions and are used to assess peripheral 

of RP. A lower recovery rate and thermal gra‑
dient as well as a higher disparity in the nail‑
fold temperature between the fingers at base‑
line and also after cold challenge were found 
in patients with SSc and may be useful for dif‑
ferentiating secondary RP from primary RP.43 
As baseline images were more helpful, a mobile 
phone thermography seems to be a feasible ad‑
ditional tool in the assessment of patients with 
RP.44 The first multicenter study that was un‑
dertaken to determine the reliability and valid‑
ity of a hand cold challenge protocol using mo‑
bile phone thermography in patients with SSc-
related RP confirmed that small variations in 
room temperature are acceptable during the im‑
aging.44 Further research is needed to establish 
ranges of normality and abnormality and to val‑
idate the use of this method.44

Laser Doppler and other techniques  Laser Doppler 
techniques are tools for microcirculatory research 
evaluating peripheral blood flow. They were used 
to monitor vasoactive therapy effects in trials on 
SSc.45 Flow can be measured over a point (laser 
Doppler flowmetry) and over an area (laser Dop‑
pler imaging, laser speckle contrast analysis, and 
laser speckle contrast imaging).45 Some authors 
reported that measuring the baseline microvas‑
cular blood flow and then time-to-peak flow af‑
ter occlusion using laser Doppler flowmetry may 
be a highly accurate test for differentiating pa‑
tients with primary RP from healthy controls.45 
The postocclusive time-to-peak flow had a supe‑
rior specificity of 90% as compared with 66% for 
baseline microvascular flow.45 Laser Doppler im‑
aging, speckle contrast analysis, and speckle con‑
trast imaging are characterized by a higher reli‑
ability, but they are more expensive and are not 
yet widely accessible.46

The assessment of blood perfusion in RP may 
be also performed by hand perfusion scintigra‑
phy.47 This method was reported to play a role in 
the diagnosis of RP and evaluating the response 
to therapy.47 A γ‑camera dynamic first‑pass study 
(blood flow) during the first 60 seconds differenti‑
ated healthy controls from patients with RP (pri‑
mary and secondary), while a static study (blood 
pool) after 5 minutes distinguished primary from 
secondary RP.47 However, the main disadvantage 
of scintigraphy is the use of radioactivity.47

FIGURE 4�  Thermogram 
of the dorsum of the hand 
of a patient with Raynaud 
phenomenon, showing 
reduced temperatures of 
the fingers compared with 
the dorsum of the hand 
under standard baseline 
conditions; FLIR T420 
thermal imaging camera 
(FLIR Systems AB, Taby, 
Sweden)
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No findings suggestive of secondary causes 
(eg, ulcerations, tissue necrosis or gangrene, 
sclerodactyly, calcinosis, or skin fibrosis), no his‑
tory of an existing CTD, negative or low ANA ti‑
ters (eg, 1:40 by indirect immunofluorescence), 
and normal capillaroscopy are included in the di‑
agnostic criteria for primary RP.18 However, be‑
cause some patients with characteristics of prima‑
ry RP can later progress to secondary RP (FIGURE 5), 
any patient developing RP in adulthood, especially 
after the age of 35, should be regularly screened 
for the development of CTD, including SSc, with 
evaluation of proximal nailfold capillaries and se‑
rology testing.57 A high index of CTD suspicion 
should also be applied in children under the age of 

circulation in RP, but these techniques require 
an injection of contrast dye and extensive workup, 
which may limit their applicability for screening.48

Monitoring of patients with primary Raynaud phenom-
enon for the development of connective tissue dis-
ease  The diagnosis of SSc may be delayed for 
several years after the onset of RP and even after 
the onset of the first non‑RP symptom.56 Patient 
organization–led initiatives can play an important 
role in raising awareness about RP.56 Carefully de‑
signed tools can provide reassurance to people in‑
terested to learn about RP and encourage an ear‑
lier medical assessment of people at risk of a po‑
tentially life‑threatening disease such as SSc.56

Primary RP

Positive ANAs

Screen for more specific antibodies  
associated with CTDs (anticentromere, anti-

topoisomerase I, anti-RNA  
polymerase III, anti-dsDNA, anti-Sm,  

anti-RNP, anti-PmScl, etc)

Screen for CTD-related secondary RP
every 6–12 months: ANAs, capillaroscopy

Very early SSc  
SSc pattern on capillaroscopy and / or posi‑

tive SSc-related ANAs

Screen for pulmonary, cardiac, 
and gastrointestinal involvement

ADULTS
 SSc and rarely other CTDs

CHILDREN
Systemic  lupus  erythematosus, 

mixed CTDs, rarely SSc and Sjögren  
syndrome

Other CTDs
SSc pattern on capillaroscopy

Screen for pulmonary  
arterial hypertension  

and interstitial lung disease

Adults (age >35 years)
Children (age <12 years)

FIGURE 5�  Monitoring of 
patients with primary 
Raynaud phenomenon 
and at risk of systemic 
sclerosis and other 
connective tissue 
diseases 
Abbreviations: 
ANA, antinuclear 
antibody; anti-PmScl, 
anti-polymyositis-
scleroderma; anti-RNP, 
anti-ribonucleoprotein; 
anti-SM, anti-Smith; 
CTD, connective tissue 
disease; dsDNA, anti-
double stranded DNA; 
RP, Raynaud phenomenon, 
SSc, systemic sclerosis
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reducing stress levels, treatments targeting pain 
related to RP in the course of SSc, and the devel‑
opment of behavioral interventions enhancing 
coping strategies may reduce the burden of RP in 
the course of SSc.65 Unfortunately, in a systemat‑
ic review on this topic, only 7 studies reporting 
biofeedback and 1 study testing a behavior ther‑
apy were identified as randomized controlled tri‑
als (RCTs).68 Five studies reported significant ef‑
fects in primary outcomes of interest; however, 
due to missing data, relative efficacy of interven‑
tions could not be reliably assessed.68

Pharmacologic treatment  The European Society 
for Vascular Medicine guidelines and an update 
of the EULAR recommendations on the man‑
agement of RP have been published recently, but 
the evidence base for the treatment of both pri‑
mary and secondary RP is weak to moderate.21,69 
Although the course of secondary RP is thought 
to be directly related to the progression of an un‑
derlying disorder, whether to treat or not to treat 
patients with SSc in the earliest phases remains 
a dilemma.70 It is rather believed that pharmaco‑
logic therapies should be added only if attacks re‑
main poorly controlled and present with disabling 
symptoms, or if the patient has digital ulcers.71

First‑line pharmacotherapy  The recommended 
first‑line pharmacologic treatments for primary 
and secondary RP are vasodilators such as dihy‑
dropyridine calcium channel blockers (CCBs).21,69 
A recent systematic review of 38 RCTs with an av‑
erage duration of 7.4 weeks and 982 participants 
revealed that CCBs slightly reduce the frequency 
and severity of RP attacks, as self-reported by pa‑
tients  (moderate‑quality evidence).72 In addition, 
CCBs produced a potentially clinically important 
moderate improvement in pain associated with 
RP.72 Nifedipine was the most extensively studied 
CCB, but the newer second‑generation drugs (am‑
lodipine, isradipine, nicardipine, and felodipine) 
were also effective in reducing the number of RP 
attacks. The most common side effects are head‑
ache, dizziness, nausea, palpitations, and ankle 
edema. Serious adverse events (death or hospi‑
talization) were not reported.72 Use of CCBs may 
also be limited by hypotension.21,69 When start‑
ing these medications, the lowest dose should be 
prescribed and gradually titrated every 4 weeks 
depending on a patient’s response.21,69

Second‑line pharmacotherapy  The use of phospho‑
diesterase type 5 inhibitors (PDE5i) is recommend‑
ed as second‑line therapy.21,69 Tadalafil, sildenafil, 
udenafil, and vardenafil appeared to have signifi‑
cant but moderate efficacy in secondary RP.73 Ad‑
verse effects of these medications include flush‑
ing, headache, dizziness, and, less commonly, hy‑
potension, arrhythmias, cerebrovascular accident, 
and vision changes.73 PDE5i should be started at a 
low dose, and then titrated depending on response 
over a period of 4 to 6 weeks.21,69 If patients with 
RP are not willing to take a long‑term treatment “as 

12, as primary RP may be less common in young‑
er age groups.21 Secondary RP is associated with 
juvenile systemic lupus erythematosus, mixed 
CTD, and rarely with SSc and Sjögren syndrome.21 
The European expert panel recommends testing 
ANAs, more specific antibodies associated with 
CTD, and nailfold capillaroscopy in all children 
presenting with RP.58

Biomarkers   Several studies have suggested that 
in CTD microcirculatory changes develop before 
morphological abnormalities are seen on nailfold 
capillaroscopy.59 Markers of endothelial damage 
(plasma levels of tissue‑type plasminogen activa‑
tor, von Willebrand factor, and interleukin 6) were 
elevated in patients with RP who subsequent‑
ly developed SSc or other CTDs, even in the ab‑
sence of capillaroscopic abnormalities.60 Biomark‑
ers were also emerging as predictors of digital ul‑
ceration in SSc (increased ET‑1 and low vascular 
endothelial growth factor levels) and were pro‑
posed as novel markers for anti‑ischemic thera‑
py (hypoxia‑inducible factor 1 and heme oxygen‑
ase 1) in RP.61,62

Lifestyle and psychotherapeutic interventions  A very 
important component of the management of pa‑
tients with RP is lifestyle modification. Because 
RP is a vasospastic event, it is important that 
patients are educated to avoid vasoconstrictive 
stimuli, including cold, stress, repeated trauma to 
the fingertips, vibrating tools, caffeine‑containing 
drinks, nicotine, or any vasoconstrictive medica‑
tions.63 Patients should wear gloves in cold en‑
vironments, be counseled on the importance of 
smoking cessation, and be given a list of com‑
monly used vasoconstrictive drugs to avoid.63 

Difficulties resulting from RP are usually present 
and disabling all year round, which underscores 
the importance of nonpharmacologic strategies 
throughout the year.63

The activity and severity of RP can be mea‑
sured by the Raynaud’s Condition Score (RCS) 
that looks at the quality of life (QoL), frequency 
and severity of attacks, and the effect of RP on 
an individual.64 Of note is that a number of fac‑
tors, such as pain, catastrophizing, and coping 
strategies, may influence the RCS.65 No correla‑
tions were observed between the severity of va‑
soconstriction and pain intensity, pressure pain 
sensitivity, pain magnitude, and pain threshold.2 
Significantly more patients with secondary RP had 
anxiety and depressive symptoms than patients 
with primary RP (43.9% vs 23.3% and 31.7% vs 
11.7%, respectively).66 Patients with secondary 
RP have a poorer physical health condition and 
RP‑specific QoL than patients with primary RP.66 
The severity of RP had one of the strongest as‑
sociations with reduced hand function in SSc.67 
Therefore, anxiety, depression, and reduced QoL 
should be considered when managing all patients 
with RP.64 Patients who have high levels of anx‑
iety and depression and low QoL should be re‑
ferred for psychological care.64 Increasing exercise, 
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vasodilators for the management of RP. One study 
suggested that topical sildenafil can significant‑
ly improve digital arterial blood flow in patients 
with secondary RP, while there was no significant 
improvement after topical nifedipine.83 A case 
where rosemary essential oil, as compared with 
olive oil, produced replicable warming of the hand 
in a patient with SSc and RP was also reported.84

Other options  There is insufficient evidence to 
recommend selective serotonin reuptake inhibi‑
tors (fluoxetine), angiotensin‑converting enzyme 
inhibitors (captopril, enalapril, and quinapril), an‑
giotensin receptor blockers (losartan), α‑blockers 
(prazosin), and phosphodiesterase 4 inhibitors 
(pentoxifylline) for the treatment of RP.21,69,85

Trials on ET‑1 receptor antagonists such as 
bosentan and macitentan showed no evidence 
of improvement in the frequency of RP attacks.86 
Nonetheless, bosentan is currently approved for 
the secondary prevention of digital ulcers in pa‑
tients with SSc. However, it use may cause hepa‑
totoxicity, headache, flushing, edema, fatigue, and 
hypotension.86 Typically, bosentan is prescribed 
at a dose of 62.5 mg twice daily for 4 weeks, with 
the dose escalation to 125 mg twice daily if need‑
ed.86 In patients with a history of digital ulcers, 
low‑dose aspirin should also be used.86 It was re‑
ported that clopidogrel treatment may be associ‑
ated with the development of new digital ulcers 
in patients with SSc.87 

Riociguat and aminaphtone seem to be prom‑
ising new treatment options for RP.88,89 In a pilot 
study, a single dose of riociguat was well tolerat‑
ed and resulted in a rapid improvement in digital 
blood flow in some patient subsets with primary 
and secondary RP.88 Aminaphtone is used in some 
European countries in the treatment of chronic 
venous insufficiency of the lower limbs, leg ul‑
cers, and diabetic microangiopathy.89 A 6‑month 
open feasibility study demonstrated that ami‑
naphtone treatment increases skin blood perfu‑
sion and improves clinical symptoms of RP, with 
sustained efficacy for up to 6 months, even in pa‑
tients with SSc.89

Some positive effects of botulinum toxin 
(BTX) A were reported, but its clinical signifi‑
cance is still unclear.90 An RCT in 40 patients 
with SSc showed that BTX‑A did not significant‑
ly improve blood flow to the hands of patients 
with SSc‑related RP, although there was a signif‑
icant clinical improvement of RP in hands treat‑
ed with BTX‑A.90 A 3‑year retrospective study in 
15 patients revealed that BTX‑A was generally 
well tolerated.91 Similarly, BTX‑B injections sig‑
nificantly suppressed the activity of RP and digi‑
tal ulcers in patients with SSc without serious ad‑
verse events.92 Weum and de Weerd93 postulat‑
ed that a single ultrasound–guided BTX injection 
around the radial artery allowed a precise admin‑
istration and distribution of BTX in the perivas‑
cular space. The single‑injection technique was 
much less painful, with minimal risk of tempo‑
rary intrinsic muscle weakness, as compared with 

required,” then single doses of sildenafil before or 
during exposure to cold may be a good alternative.74 
Due to a highly heterogeneous response, there 
is a need for personalized approach to the treat‑
ment of RP.74

Third‑line pharmacotherapy  Intravenous prosta‑
glandins are recommended for severe RP in the 
course of SSc when oral therapy (including CCBs 
and PDE5i) has failed.21,69 Prostaglandins func‑
tion as a strong vasodilator and also prevent plate‑
let aggregation. 

According to the PROSIT study experts, ilo‑
prost was used earlier across Italian tertiary cen‑
ters (in combination with or immediately after 
CCBs) and represented the first‑line choice for 
the management of severe RP and digital ulcers 
in SSc.75 PDE5i were more rarely prescribed and 
were generally employed as late treatment for 
RP.75 The standard treatment protocol consists of 
intravenous infusion of iloprost at a rate of 0.5 to 
2 ng/kg/min for 3 to 5 consecutive days, through 
a peripheral venous access.75 Due to common side 
effects (hypotension, flushing, nausea, and head‑
aches), patients usually require hospitalization.75 

According to Bellando‑Randone et al,76 in the fi‑
brotic or atrophic phase of SSc, iloprost was well 
tolerated and side effects were managed by re‑
ducing or modulating the infusion rate. In edem‑
atous patients, side effects were more frequent 
and led to drug withdrawal, mostly because of 
painful digital swelling and diarrhea.76 Calcium 
channel blockers should be temporarily stopped 
while using iloprost, and such a pretreatment ap‑
proach might reduce or control adverse events.76 

It should be noted that portable devices for 
iloprost infusion have been recently designed, 
allowing outpatient treatment.77,78 The devices 
were demonstrated to be safe, feasible, and ef‑
fective, with higher patient satisfaction and con‑
sequently greater treatment adherence.77,78 Oth‑
er intravenous prostaglandins include epopros‑
tenol, treprostinil, and alprostadil. There is lim‑
ited evidence for the benefit of oral prostacyclin 
analogues in patients with RP.79

Intravenous prostaglandin infusions combined 
with anticoagulation (heparin, 5000 UI twice dai‑
ly) is preferable in secondary RP with acute digi‑
tal or limb ischemia.51 A digital or regional block 
with lidocaine or bupivacaine may be also per‑
formed to temporarily relieve vasospasm in such 
situations.7

Topical vasodilators  A meta‑analysis, which in‑
cluded 7 placebo‑controlled trials and a total of 
347 treated patients, demonstrated a significant 
treatment benefit for topical nitrates for RP with‑
out serious side effects.80 However, the dose must 
be carefully adjusted: it should be sufficient to 
cause local vasodilation but not high enough to 
result in systemic absorption and the risk of ad‑
verse systemic effects such as hypotension, diz‑
ziness, and headache.81,82 There is limited evi‑
dence regarding the effectiveness of other topical 
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multiple injections in the palm of the hand.93 
BTX‑A can inhibit arteriole vasoconstriction in 
a dose‑dependent manner by cleaving SNAP-25 
in sympathetic neurons, thus providing a theo‑
retical basis for the treatment of RP.94

In a systematic review and meta‑analysis of 
14 RCTs, herbal medicine was found to be poten‑
tially safe and effective treatment for cold hyper‑
sensitivity in the hands and feet as well as for RP.95 
The most common herbal medicines were Cinna-
momi ramulus or Cinnamomi cortex and Zingiberis 
rhizoma.95 However, according to the authors, 
the high risk of bias in all studies prevents defini‑
tive conclusions.95 Ginkgo biloba, acupuncture, and 
other alternative therapies (laser and nutrition‑
al supplements) did not prove to impact the fre‑
quency, duration, and severity of RP.7,51

Sympathectomy  In patients with RP refractory 
to medical treatment, digital periarterial sympa‑
thectomy can be a good treatment option, espe‑
cially in cases of arteritis associated with very se‑
vere spasms.96 Endoscopic thoracic sympathecto‑
my should be considered an ultimate choice for 
patients with RP who have treatment‑resistant 
severe symptoms and serious complications, dis‑
turbed social and daily lives, and impaired QoL.97 

All patients should be properly informed before 
the surgery about the possibility of a high rate of 
recurrence (66.6%).97

In summary, current pharmacologic treatments 
fail to completely control RP and prevent digital 
ulcers, and they are not tolerated by many pa‑
tients. Therefore, the treatment of RP should not 
only focus on the vascular response but also on 
lifestyle interventions, including pain education, 
cognitive behavioral therapy, and exercise thera‑
py. Collaboration between healthcare profession‑
als, patient organizations, and the society can pos‑
itively influence health utilization by encourag‑
ing involvement of people in their own health‑
care. Such partnership is necessary for the very 
early diagnosis of SSc.

ARTICLE INFORMATION

ACKNOWLEDGMENTS  The paper was supported by the Medical Univer‑
sity of Silesia (no. KNW‑1‑099/N/8/K).

CONFLICT OF INTEREST  None declared.

OPEN ACCESS  This is an Open Access article distributed under the terms 
of the Creative Commons AttributionNonCommercialShareAlike 4.0 Interna‑
tional License (CC BY‑NC‑SA 4.0), allowing third parties to copy and redis‑
tribute the material in any medium or format and to remix, transform, and 
build upon the material, provided the original work is properly cited, distrib‑
uted under the same license, and used for noncommercial purposes only. For 
commercial use, please contact the journal office at pamw@mp.pl.

HOW TO CITE  Lis‑Święty A. Recent advances in the workup and manage‑
ment of Raynaud phenomenon. Pol Arch Intern Med. 2019; 129: 798-808. 
doi:10.20452/pamw.15008

REFERENCES

1  Gregorczyk‑Maga I, Frołow M, Kaczmarczyk P, Maga P. Microcirculation 
disorders of the oral cavity in patients with primary Raynaud phenomenon. 
Pol Arch Intern Med. 2019; 129: 36-42.

2  Tapia‑Haro RM, Guisado‑Barrilao R, García‑Ríos MDC, et al. Pain intensi‑
ty, pressure pain hypersensitivity, central sensitization, and pain catastroph‑
izing related to vascular alterations in Raynaud’s phenomenon: a preliminary 
case‑control study. Pain Med. 2019; 15: pnz089. 

https://doi.org/10.1136/bmjopen-2014-006389
https://doi.org/10.1136/bmjopen-2014-006389
https://doi.org/10.1136/bmjopen-2014-006389
https://doi.org/10.1371/journal.pone.0196279
https://doi.org/10.1371/journal.pone.0196279
https://doi.org/10.1371/journal.pone.0196279
https://doi.org/10.1093/occmed/kqy053
https://doi.org/10.1093/occmed/kqy053
https://doi.org/10.1093/occmed/kqy053
https://doi.org/10.1007/s11239-019-01805-0
https://doi.org/10.1007/s11239-019-01805-0
https://doi.org/10.1007/s11239-019-01805-0
https://doi.org/10.1007/s11239-019-01805-0
https://doi.org/10.1016/j.clindermatol.2018.04.007
https://doi.org/10.1016/j.clindermatol.2018.04.007
https://doi.org/10.5603/KP.2017.0232
https://doi.org/10.5603/KP.2017.0232
https://doi.org/10.4088/PCC.17l02240
https://doi.org/10.4088/PCC.17l02240
https://doi.org/10.9758/cpn.2018.16.1.118
https://doi.org/10.9758/cpn.2018.16.1.118
https://doi.org/10.9758/cpn.2018.16.1.118
https://doi.org/10.1111/aogs.13477
https://doi.org/10.1111/aogs.13477
https://doi.org/10.1111/aogs.13477
https://doi.org/10.1111/aogs.13477
https://doi.org/10.1111/bcp.13697
https://doi.org/10.1111/bcp.13697
https://doi.org/10.1111/bcp.13697
https://doi.org/10.1016/j.therap.2017.01.008
https://doi.org/10.1016/j.therap.2017.01.008
https://doi.org/10.1016/j.therap.2017.01.008
https://doi.org/10.1016/B978-0-444-64074-1.00040-9
https://doi.org/10.1016/B978-0-444-64074-1.00040-9
https://doi.org/10.1080/1744666X.2019.1614915
https://doi.org/10.1080/1744666X.2019.1614915
https://doi.org/10.1080/1744666X.2019.1614915
https://doi.org/10.1111/pde.13129
https://doi.org/10.1111/pde.13129
https://doi.org/10.1111/pde.13129
https://doi.org/10.1016/j.jaut.2014.01.020
https://doi.org/10.1016/j.jaut.2014.01.020
https://doi.org/10.1016/j.jaut.2014.01.020
https://doi.org/10.1007/s10067-019-04627-w
https://doi.org/10.1007/s10067-019-04627-w
https://doi.org/10.1007/s10067-019-04627-w
https://doi.org/10.1024/0301-1526/a000661
https://doi.org/10.1024/0301-1526/a000661
https://doi.org/10.4414/smw.2017.14506
https://doi.org/10.4414/smw.2017.14506
https://doi.org/10.4414/smw.2017.14506
https://doi.org/10.1016/j.autrev.2017.11.036
https://doi.org/10.1016/j.autrev.2017.11.036
https://doi.org/10.1016/j.autrev.2017.11.036
https://doi.org/10.2174/1573397114666180215102621
https://doi.org/10.2174/1573397114666180215102621
https://doi.org/10.1093/rheumatology/kev441
https://doi.org/10.1093/rheumatology/kev441
https://doi.org/10.1093/rheumatology/kev441
https://doi.org/10.1093/rheumatology/kex460
https://doi.org/10.1093/rheumatology/kex460
https://doi.org/10.1093/rheumatology/kex460
https://doi.org/10.1111/1756-185X.13592
https://doi.org/10.1111/1756-185X.13592
https://doi.org/10.1111/1756-185X.13592
https://doi.org/10.4081/reumatismo.2017.959
https://doi.org/10.4081/reumatismo.2017.959
https://doi.org/10.4081/reumatismo.2017.959
https://doi.org/10.3899/jrheum.180615
https://doi.org/10.3899/jrheum.180615
https://doi.org/10.3899/jrheum.180615
https://doi.org/10.3899/jrheum.180615
http://creativecommons.org/licenses/by-nc-sa/4.0
https://doi.org/10.1093/pm/pnz089
https://doi.org/10.1093/pm/pnz089
https://doi.org/10.1093/pm/pnz089
https://doi.org/10.1093/pm/pnz089


REVIEW ARTICLE  Workup and management of Raynaud phenomenon 807

power Doppler ultrasonography and video‑capillaroscopy. Microvasc Res. 
2019; 122: 125-130. 

56  Hughes M, Baker A, Farrington S, Pauling JD. Patient organisation
‑led initiatives can play an important role in raising awareness about Rayn‑
aud’s phenomenon and encourage earlier healthcare utilisation for high‑risk 
groups. Ann Rheum Dis. 2018; 78: 439-441. 

57  Ventura I, Reid P, Jan R. Approach to patients with suspected rheumat‑
ic disease. Prim Care. 2018; 45: 169-180. 

58  Pain CE, Constantin T, Toplak N, et al. Raynaud’s syndrome in children: 
systematic review and development of recommendations for assessment 
and monitoring. Clin Exp Rheumatol. 2016; 34: 200-206.

59  Mosdósi B, Bölcskei K, Helyes Z. Impairment of microcirculation and 
vascular responsiveness in adolescents with primary Raynaud phenomenon. 
Pediatr Rheumatol Online J. 2018; 16: 20. 

60  Gualtierotti R, Ingegnoli F, Griffini S, et al. Detection of early endotheli‑
al damage in patients with Raynaud’s phenomenon. Microvasc Res. 2017; 
113: 22-28. 

61  Herrick AL. Recent advances in the pathogenesis and management of 
Raynaud’s phenomenon and digital ulcers. Curr Opin Rheumatol. 2016; 28: 
577-585. 

62  Heger LA, Kerber M, Hortmann M, et al. Expression of the oxygen
‑sensitive transcription factor subunit HIF‑1α in patients suffering from sec‑
ondary Raynaud syndrome. Acta Pharmacol Sin. 2018; 40: 500-506. 

63  Sandqvist G, Wollmer P, Scheja A, et al. Raynaud’s phenomenon and 
its impact on activities in daily life during one year of follow‑up in early sys‑
temic sclerosis. Scand J Rheumatol. 2018; 47: 206-209. 

64  Cutolo M, Smith V, Furst DE, et al. Points to consider‑Raynaud’s 
phenomenon in systemic sclerosis. Rheumatology (Oxford). 2017; 56: 
v45‑v48. 

65  Pauling JD, Reilly E, Smith T, Frech TM. Factors influencing Raynaud 
Condition Score diary outcomes in systemic sclerosis. J Rheumatol. 2019; 
46: 1326-1334. 

66  Fábián B, Fábián AK, Bugán A, Csiki Z. Comparison of mental and 
physical health between patients with primary and secondary Raynaud’s 
phenomenon Category: Article. J Psychosom Res. 2019; 116: 6-9. 

67  Kwakkenbos L, Sanchez TA, Turner KA, et al. The association of so‑
ciodemographic and disease variables with hand function: a scleroderma 
patient‑centered intervention network cohort study. Clin Exp Rheumatol. 
2018; 36: 88-94.

68  Daniels J, Pauling JD, Eccelston C. Behaviour change interventions for 
the management of Raynaud’s phenomenon: a systematic review protocol. 
BMJ Open. 2017; 7: e017039. 

69  Kowal‐Bielecka O, Fransen J, Avouac J, et al. Update of EULAR recom‑
mendations for the treatment of systemic sclerosis. Ann Rheum Dis. 2017; 
76: 1327-1339. 

70  Bellando‑Randone S, Matucci‑Cerinic M. Very early systemic sclerosis 
and presystemic sclerosis: definition, recognition, clinical relevance and fu‑
ture directions. Curr Rheumatol Rep. 2017; 19: 65. 

71  Shapiro SC, Wigley FM. Treating Raynaud phenomenon: beyond stay‑
ing warm. Cleve Clin J Med. 2017; 84: 797-804. 

72  Rirash F, Tingey PC, Harding SE, et al. Calcium channel blockers for pri‑
mary and secondary Raynaud’s phenomenon. Cochrane Database Syst Rev. 
2017; 12: CD000467. 

73  Andrigueti FV, Ebbing PCC, Arismendi MI, Kayser C. Evaluation of 
the effect of sildenafil on the microvascular blood flow in patients with sys‑
temic sclerosis: a randomised, double‑blind, placebo‑controlled study. Clin 
Exp Rheumatol. 2017; 35: 151-158.

74  Roustit M, Giai J, Gaget O, et al. On‑demand sildenafil as a treatment 
for Raynaud phenomenon: a series of n‑of‑1 trials. Ann Intern Med. 2018; 
169: 694-703. 

75  Negrini S, Magnani O, Matucci‑Cerinic M, et al. Iloprost use and med‑
ical management of systemic sclerosis‑related vasculopathy in Italian ter‑
tiary referral centers: results from the PROSIT study. Clin Exp Med. 2019; 
19: 357-366. 

76  Bellando‑Randone S, Bruni C, Lepri G, et al. The  safety of iloprost 
in systemic sclerosis in a real‑life experience. Clin Rheumatol. 2018; 37: 
1249-1255. 

77  Duarte AC, Barbosa L, Santos MJ, Cordeiro A. Iloprost infusion through 
elastomeric pump for the outpatient treatment of severe Raynaud’s phe‑
nomenon and digital ulcers a single centre experience. Acta Reumatol Port. 
2018; 43: 237-238.

78  Fraticelli P, Martino GP, Murri M, et al. A novel iloprost administration 
method with portable syringe pump for the treatment of acral ulcers and 
Raynaud’s phenomenon in systemic sclerosis patients. A pilot study (ILO‑
PORTA). Clin Exp Rheumatol. 2017; 35: 173-178.

79  Denton CP, Hachulla É, Riemekasten G, et al. Efficacy and safety of 
selexipag in adults with Raynaud’s phenomenon secondary to systemic 
sclerosis: a randomized, placebo‑controlled, phase II study. Arthritis Rheu‑
matol. 2017; 69: 2370-2379. 

80  Curtiss P, Schwager Z, Cobos G, et al. A  systematic review and 
meta‑analysis of the effects of topical nitrates in the treatment of prima‑
ry and secondary Raynaud’s phenomenon. J Am Acad Dermatol. 2018; 78: 
1110-1118. 

31  Yan S, Li M, Wang H, Yang X. Characteristics and risk factors of pulmo‑
nary arterial hypertension in patients with primary Sjögren’s syndrome. Int 
J Rheum Dis. 2018; 21: 1068-1075. 

32  Narula N, Narula T, Mira‑Avendano I, et al. Interstitial lung disease in 
patients with mixed connective tissue disease: pilot study on predictors of 
lung involvement. Clin Exp Rheumatol. 2018; 36: 648-651.

33  Asif S, Rasheed A, Mahmud TE, Asghar A. Frequency and predictors of 
pulmonary hypertension in patients with systemic lupus erythematosus. Pak 
J Med Sci. 2019; 35: 86-89. 

34  Dinsdale G, Moore T, O’Leary N, et al. Intra‑and inter‑observer reliabil‑
ity of nailfold videocapillaroscopy – a possible outcome measure for sys‑
temic sclerosis‑related microangiopathy. Microvasc Res. 2017; 112: 1-6. 

35  Cutolo M, Trombetta AC, Melsens K, et al. Automated assessment of 
absolute nailfold capillary number on videocapillaroscopic images: proof 
of principle and validation in systemic sclerosis. Microcirculation. 2018; 25: 
e12447. 

36  Ingegnoli F, Smith V, Sulli A, Cutolo M. Capillaroscopy in routine diag‑
nostics: potentials and limitations. Curr Rheumatol Rev. 2018; 14: 5-11. 

37  Pauling JD. Could nailfold videocapillaroscopy usher in a new era of 
preventative disease‑modifying therapeutic intervention in systemic sclero‑
sis? Rheumatology (Oxford). 2017; 56: 1053-1055. 

38  Boulon C, Blaise S, Lazareth I, et al. Reproducibility of the scleroder‑
ma pattern assessed by wide‑field capillaroscopy in subjects suffering from 
Raynaud’s phenomenon. Rheumatology (Oxford). 2017; 56: 1780-1783. 

39  Moreau J, Dupond AS, Dan N, et al. Comparative evaluation of dermos‑
copy and capillaroscopy in Raynaud’s phenomenon [in French]. Ann Derma‑
tol Venereol. 2017; 144: 333-340. 

40  Lambova SN. The place of nailfold capillaroscopy among instrumental 
methods for assessment of some peripheral ischaemic syndromes in rheu‑
matology. Folia Med (Plovdiv). 2016; 58: 77-88. 

41  Scolnik M, Vasta B, Hart DJ, et al. Symptoms of Raynaud’s phenome‑
non (RP) in fibromyalgia syndrome are similar to those reported in primary 
RP despite differences in objective assessment of digital microvascular func‑
tion and morphology. Rheumatol Int. 2016; 36: 1371-1377. 

42  Campos MF, Heimbecher CT, Romaneli EFR, et al. Comparison between 
thermal recovery in women with Raynaud’s Phenomenon and not diagnosed 
women using thermography. Conf Proc IEEE Eng Med Biol Soc. 2018; 2018: 
3886-3889.

43  Horikoshi M, Inokuma S, Kijima Y, et al. Thermal disparity between fin‑
gers after coldwater immersion of hands: a useful indicator of disturbed pe‑
ripheral circulation in Raynaud phenomenon patients. Intern Med. 2016; 55: 
461-466. 

44  Wilkinson SA, Leggett EJ, Marjanovic L, et al. A multicentre study of 
validity and reliability of responses to hand cold challenge as measured by 
laser speckle contrast imaging and thermography: outcome measures for 
systemic sclerosis‑related Raynaud’s phenomenon. Arthritis Rheumatol. 
2018; 70: 903-911. 

45  Maga P, Henry BM, Kmiotek EK, et al. Postocclusive hyperemia mea‑
sured with laser Doppler flowmetry and transcutaneous oxygen tension in 
the diagnosis of primary Raynaud’s phenomenon: a prospective, controlled 
study. Biomed Res Int. 2016; 2 016: 9645705. 

46  Ruaro B, Smith V, Sulli A, et al. Innovations in the assessment of pri‑
mary and secondary Raynaud’s phenomenon. Front Pharmacol. 2019; 10: 
360. 

47  Pavlov‑Dolijanovic S, Petrovic N, Vujasinovic Stupar N, et al. Diagnosis 
of Raynaud’s phenomenon by 99mTc‑pertechnetate hand perfusion scintig‑
raphy: a pilot study. Rheumatol Int. 2016; 36: 1683-1688. 

48  McKay ND, Griffiths B, Di Maria C, et al. Novel photoplethysmogra‑
phy cardiovascular assessments in patients with Raynaud’s phenomenon 
and systemic sclerosis: a pilot study. Rheumatology (Oxford). 2014; 53: 
1855-1863. 

49  Eisenbrey JR, Stanczak M, Forsberg F, et al. Photoacoustic oxygen‑
ation quantification in patients with Raynaud’s: first‑in‑human results. Ultra‑
sound Med Biol. 2018; 44: 2081-2088. 

50  Ingegnoli F, Ughi N, Dinsdale G, et al. An  international survey on 
non‑invasive techniques to assess the  microcirculation in patients with 
Raynaud’s phenomenon (SUNSHINE survey). Rheumatol Int. 2017; 37: 
1879-1890. 

51  Matucci‑Cerinic C, Nagaraja V, Prignano F, et al. The role of the derma‑
tologist in Raynaud’s phenomenon: a clinical challenge. J Eur Acad Derma‑
tol Venereol. 2018; 3: 1120-1127. 

52  Toprak U, Ozbalkan Z, Erdugan M, et al. Follow‑up of treatment re‑
sponse with dynamic Doppler ultrasound in Raynaud phenomenon. AJR Am 
J Roentgenol. 2017; 209: W388‑W394. 

53  Luders S, Friedrich S, Ohrndorf AM, et al. Detection of severe digital 
vasculopathy in systemic sclerosis by color Doppler sonography is associ‑
ated with digital ulcers. Rheumatology (Oxford). 2017; 56: 1865-1873. 

54  Lescoat A, Coiffier G, de Carlan M, et al. Combination of capillaroscop‑
ic and ultrasonographic evaluations in systemic sclerosis: results of a cross
‑sectional study. Arthritis Care Res. 2017; 70: 938-943. 

55  Schioppo T, Orenti A, Boracchi P, et al. Evidence of macroand micro
‑angiopathy in scleroderma: an  integrated approach combining 22‑MHz 

https://doi.org/10.1016/j.mvr.2018.07.001
https://doi.org/10.1016/j.mvr.2018.07.001
https://doi.org/10.1136/annrheumdis-2018-214161
https://doi.org/10.1136/annrheumdis-2018-214161
https://doi.org/10.1136/annrheumdis-2018-214161
https://doi.org/10.1136/annrheumdis-2018-214161
https://doi.org/10.1016/j.pop.2018.02.001
https://doi.org/10.1016/j.pop.2018.02.001
https://doi.org/10.1186/s12969-018-0237-x
https://doi.org/10.1186/s12969-018-0237-x
https://doi.org/10.1186/s12969-018-0237-x
https://doi.org/10.1016/j.mvr.2017.04.004
https://doi.org/10.1016/j.mvr.2017.04.004
https://doi.org/10.1016/j.mvr.2017.04.004
https://doi.org/10.1097/BOR.0000000000000332
https://doi.org/10.1097/BOR.0000000000000332
https://doi.org/10.1097/BOR.0000000000000332
https://doi.org/10.1038/s41401-018-0055-1
https://doi.org/10.1038/s41401-018-0055-1
https://doi.org/10.1038/s41401-018-0055-1
https://doi.org/10.1080/03009742.2017.1350745
https://doi.org/10.1080/03009742.2017.1350745
https://doi.org/10.1080/03009742.2017.1350745
https://doi.org/10.1093/rheumatology/kex199
https://doi.org/10.1093/rheumatology/kex199
https://doi.org/10.1093/rheumatology/kex199
https://doi.org/10.3899/jrheum.180818
https://doi.org/10.3899/jrheum.180818
https://doi.org/10.3899/jrheum.180818
https://doi.org/10.1016/j.jpsychores.2018.11.001
https://doi.org/10.1016/j.jpsychores.2018.11.001
https://doi.org/10.1016/j.jpsychores.2018.11.001
https://doi.org/10.1136/bmjopen-2017-017039
https://doi.org/10.1136/bmjopen-2017-017039
https://doi.org/10.1136/bmjopen-2017-017039
https://doi.org/10.1136/annrheumdis-2016-209909
https://doi.org/10.1136/annrheumdis-2016-209909
https://doi.org/10.1136/annrheumdis-2016-209909
https://doi.org/10.1007/s11926-017-0684-2
https://doi.org/10.1007/s11926-017-0684-2
https://doi.org/10.1007/s11926-017-0684-2
https://doi.org/10.3949/ccjm.84a.17025
https://doi.org/10.3949/ccjm.84a.17025
https://doi.org/10.1002/14651858.CD000467.pub2
https://doi.org/10.1002/14651858.CD000467.pub2
https://doi.org/10.1002/14651858.CD000467.pub2
https://doi.org/10.7326/M18-0517
https://doi.org/10.7326/M18-0517
https://doi.org/10.7326/M18-0517
https://doi.org/10.1007/s10238-019-00553-y
https://doi.org/10.1007/s10238-019-00553-y
https://doi.org/10.1007/s10238-019-00553-y
https://doi.org/10.1007/s10238-019-00553-y
https://doi.org/10.1007/s10067-018-4043-0
https://doi.org/10.1007/s10067-018-4043-0
https://doi.org/10.1007/s10067-018-4043-0
https://doi.org/10.1002/art.40242
https://doi.org/10.1002/art.40242
https://doi.org/10.1002/art.40242
https://doi.org/10.1002/art.40242
https://doi.org/10.1016/j.jaad.2018.01.043
https://doi.org/10.1016/j.jaad.2018.01.043
https://doi.org/10.1016/j.jaad.2018.01.043
https://doi.org/10.1016/j.jaad.2018.01.043
https://doi.org/10.1111/1756-185X.13290
https://doi.org/10.1111/1756-185X.13290
https://doi.org/10.1111/1756-185X.13290
https://doi.org/10.12669/pjms.35.1.405
https://doi.org/10.12669/pjms.35.1.405
https://doi.org/10.12669/pjms.35.1.405
https://doi.org/10.1016/j.mvr.2017.02.001
https://doi.org/10.1016/j.mvr.2017.02.001
https://doi.org/10.1016/j.mvr.2017.02.001
https://doi.org/10.1111/micc.12447
https://doi.org/10.1111/micc.12447
https://doi.org/10.1111/micc.12447
https://doi.org/10.1111/micc.12447
https://doi.org/10.2174/1573397113666170615084229
https://doi.org/10.2174/1573397113666170615084229
https://doi.org/10.1093/rheumatology/kew461
https://doi.org/10.1093/rheumatology/kew461
https://doi.org/10.1093/rheumatology/kew461
https://doi.org/10.1093/rheumatology/kex282
https://doi.org/10.1093/rheumatology/kex282
https://doi.org/10.1093/rheumatology/kex282
https://doi.org/10.1016/j.annder.2017.02.004
https://doi.org/10.1016/j.annder.2017.02.004
https://doi.org/10.1016/j.annder.2017.02.004
https://doi.org/10.1515/folmed-2016-0011
https://doi.org/10.1515/folmed-2016-0011
https://doi.org/10.1515/folmed-2016-0011
https://doi.org/10.1007/s00296-016-3483-6
https://doi.org/10.1007/s00296-016-3483-6
https://doi.org/10.1007/s00296-016-3483-6
https://doi.org/10.1007/s00296-016-3483-6
https://doi.org/10.2169/internalmedicine.55.5218
https://doi.org/10.2169/internalmedicine.55.5218
https://doi.org/10.2169/internalmedicine.55.5218
https://doi.org/10.2169/internalmedicine.55.5218
https://doi.org/10.1002/art.40457
https://doi.org/10.1002/art.40457
https://doi.org/10.1002/art.40457
https://doi.org/10.1002/art.40457
https://doi.org/10.1002/art.40457
https://doi.org/10.1155/2016/9645705
https://doi.org/10.1155/2016/9645705
https://doi.org/10.1155/2016/9645705
https://doi.org/10.1155/2016/9645705
https://doi.org/10.3389/fphar.2019.00360
https://doi.org/10.3389/fphar.2019.00360
https://doi.org/10.3389/fphar.2019.00360
https://doi.org/10.1007/s00296-016-3584-2
https://doi.org/10.1007/s00296-016-3584-2
https://doi.org/10.1007/s00296-016-3584-2
https://doi.org/10.1093/rheumatology/keu196
https://doi.org/10.1093/rheumatology/keu196
https://doi.org/10.1093/rheumatology/keu196
https://doi.org/10.1093/rheumatology/keu196
https://doi.org/10.1016/j.ultrasmedbio.2018.04.017
https://doi.org/10.1016/j.ultrasmedbio.2018.04.017
https://doi.org/10.1016/j.ultrasmedbio.2018.04.017
https://doi.org/10.1007/s00296-017-3808-0
https://doi.org/10.1007/s00296-017-3808-0
https://doi.org/10.1007/s00296-017-3808-0
https://doi.org/10.1007/s00296-017-3808-0
https://doi.org/10.1111/jdv.14914
https://doi.org/10.1111/jdv.14914
https://doi.org/10.1111/jdv.14914
https://doi.org/10.2214/AJR.17.18143
https://doi.org/10.2214/AJR.17.18143
https://doi.org/10.2214/AJR.17.18143
https://doi.org/10.1093/rheumatology/kex045
https://doi.org/10.1093/rheumatology/kex045
https://doi.org/10.1093/rheumatology/kex045
https://doi.org/10.1002/acr.23413
https://doi.org/10.1002/acr.23413
https://doi.org/10.1002/acr.23413
https://doi.org/10.1016/j.mvr.2018.07.001
https://doi.org/10.1016/j.mvr.2018.07.001


POLISH ARCHIVES OF INTERNAL MEDICINE  2019; 129 (11)808

81  Hughes M, Moore T, Manning J, et al. Reduced perfusion in systemic 
sclerosis digital ulcers (both fingertip and extensor) can be increased by top‑
ical application of glyceryl trinitrate. Microvasc Res. 2017; 111: 32-36. 

82  Qiu O, Chan T, Luen M, et al. Use of nitroglycerin ointment to treat pri‑
mary and secondary Raynaud’s phenomenon: a systematic literature review. 
Rheumatol Int. 2018; 38: 2209-2216. 

83  Wortsman X, Del Barrio‑Díaz P, Meza‑Romero R, et al. Nifedipine cream 
versus sildenafil cream for patients with secondary Raynaud phenomenon: 
a  randomized, double‑blind, controlled pilot study. J Am Acad Dermatol. 
2018; 78: 189-190. 

84  Von Schoen‑Angerer T, Deckers B, Henes J, et al. Effect of topical rose‑
mary essential oil on Raynaud phenomenon in systemic sclerosis. Comple‑
ment Ther Med. 2018; 40: 191-194. 

85  Khouri C, Gailland T, Lepelley M, et al. Fluoxetine and Raynaud’s phe‑
nomenon: friend or foe? Br J Clin Pharmacol. 2017; 83: 2307-2309. 

86  Lis‑Święty A. Skin ulcers in systemic sclerosis etiopathogenesis, pro‑
phylaxis and treatment. Dermatol Rev/Przegl Dermatol. 2018; 105: 509-522.

87  Ntelis K, Gkizas V, Filippopoulou A, et al. Clopidogrel treatment may 
associate with worsening of endothelial function and development of new 
digital ulcers in patients with systemic sclerosis: Results from an open la‑
bel, proof of concept study. BMC Musculoskelet Disord. 2016; 17: 213. 

88  Huntgeburth M, Kiessling J, Weimann G, et al. Riociguat for the treat‑
ment of Raynaud’s phenomenon: a single‑dose, double‑blind, randomized, 
placebo‑controlled cross over pilot study (DIGIT). Clin Drug Investig. 2018; 
38: 1061-1069. 

89  Ruaro B, Pizzorni C, Paolino S, et al. Aminaphtone efficacy in primary 
and secondary Raynaud’s phenomenon: a feasibility study. Front Pharma‑
col. 2019; 10: 293. 

90  Bello RJ, Cooney CM, Melamed E, et al. The therapeutic efficacy of 
botulinum toxin in treating scleroderma‑associated Raynaud’s phenomenon: 
a randomized, double blind, placebo‑controlled clinical trial. Arthritis Rheu‑
matol. 2017; 69: 1661-1669. 

91  Medina S, Gómez‑Zubiaur A, Valdeolivas‑Casillas N, et al. Botulinum 
toxin type A in the treatment of Raynaud’s phenomenon: a three‑year follow
‑up study. Eur J Rheumatol. 2018; 5: 224-229. 

92  Motegi SI, Uehara A, Yamada K, et al. Efficacy of botulinum toxin B in‑
jection for Raynaud’s phenomenon and digital ulcers in patients with sys‑
temic sclerosis. Acta Derm Venereol. 2017; 97: 843-850. 

93  Weum S, de Weerd L. Ultrasound‑guided sympathetic block of the radi‑
al artery with botulinum toxin to treat vasospasm. Plast Reconstr Surg Glob 
Open. 2018; 6: e1836. 

94  Zhou Y, Liu Y, Hao Y, et al. The mechanism of botulinum A on Raynaud 
syndrome. Drug Des Devel Ther. 2018; 12: 1905-1915. 

95  Yu JS, Lee D, Hyun D, Chang SJ. Herbal medicines for cold hypersensi‑
tivity in the hands and feet: a systematic review and meta‑analysis. J Altern 
Complement Med. 2018. [Epub ahead of print] 

96  Letamendia A, López‑Román J, Bustamante‑Munguira J, Herreros J. 
Digital periarterial sympathectomy in the management of post‑traumatic 
Raynaud syndrome. J Vasc Surg. 2016; 63: 459-465. 

97  Karapolat S, Turkyilmaz A, Tekinbas C. Effects of endoscopic thoracic 
sympathectomy on Raynaud’s disease. J Laparoendosc Adv Surg Tech A. 
2018; 28: 726-729. 

https://doi.org/10.1016/j.mvr.2016.12.008
https://doi.org/10.1016/j.mvr.2016.12.008
https://doi.org/10.1016/j.mvr.2016.12.008
https://doi.org/10.1007/s00296-018-4119-9
https://doi.org/10.1007/s00296-018-4119-9
https://doi.org/10.1007/s00296-018-4119-9
https://doi.org/10.1016/j.jaad.2017.08.018
https://doi.org/10.1016/j.jaad.2017.08.018
https://doi.org/10.1016/j.jaad.2017.08.018
https://doi.org/10.1016/j.jaad.2017.08.018
https://doi.org/10.1016/j.ctim.2017.10.012
https://doi.org/10.1016/j.ctim.2017.10.012
https://doi.org/10.1016/j.ctim.2017.10.012
https://doi.org/10.1111/bcp.13314
https://doi.org/10.1111/bcp.13314
https://doi.org/10.1186/s12891-016-1072-1
https://doi.org/10.1186/s12891-016-1072-1
https://doi.org/10.1186/s12891-016-1072-1
https://doi.org/10.1186/s12891-016-1072-1
https://doi.org/10.1007/s40261-018-0698-1
https://doi.org/10.1007/s40261-018-0698-1
https://doi.org/10.1007/s40261-018-0698-1
https://doi.org/10.1007/s40261-018-0698-1
https://doi.org/10.3389/fphar.2019.00293
https://doi.org/10.3389/fphar.2019.00293
https://doi.org/10.3389/fphar.2019.00293
https://doi.org/10.1002/art.40123
https://doi.org/10.1002/art.40123
https://doi.org/10.1002/art.40123
https://doi.org/10.1002/art.40123
https://doi.org/10.5152/eurjrheum.2018.18013
https://doi.org/10.5152/eurjrheum.2018.18013
https://doi.org/10.5152/eurjrheum.2018.18013
https://doi.org/10.2340/00015555-2665
https://doi.org/10.2340/00015555-2665
https://doi.org/10.2340/00015555-2665
https://doi.org/10.1097/GOX.0000000000001836
https://doi.org/10.1097/GOX.0000000000001836
https://doi.org/10.1097/GOX.0000000000001836
https://doi.org/10.2147/DDDT.S161113
https://doi.org/10.2147/DDDT.S161113
https://doi.org/10.1089/acm.2018.0009
https://doi.org/10.1089/acm.2018.0009
https://doi.org/10.1089/acm.2018.0009
https://doi.org/10.1016/j.jvs.2015.08.102
https://doi.org/10.1016/j.jvs.2015.08.102
https://doi.org/10.1016/j.jvs.2015.08.102
https://doi.org/10.1089/lap.2017.0634
https://doi.org/10.1089/lap.2017.0634
https://doi.org/10.1089/lap.2017.0634

