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ABSTRACT
Objectives. To investigate blood flow 
and microvascular reactivity by laser 
speckle perfusion imager (Perimed, 
Jarfalla) in consecutive patients af-
fected by Raynaud’s phenomenon at 
baseline and following dynamic stimu-
lations. 
Methods. Skin blood flow in the dor-
sum of the hand was measured at 
baseline and after cold test and post-
occlusive hyperaemia test  in 56 con-
secutive subjects affected by Raynaud’s 
phenomenon (RP), 20 primary (PRP) 
and 36 secondary to systemic sclero-
sis (SSc). Twenty healthy subjects (HS) 
were studied as controls.
Results. After cold test, SSc had a sig-
nificant reduction in blood flow (-58%) 
as compared to HS (-19%) (p=0.01). 
Recovery time was significantly higher 
in SSc (58 minutes) as compared to HS 
(18 minutes) and PRP (19 minutes) 
(p=0.006 and 0.0016, respectively). 
Peak flow after ischaemic test was sig-
nificantly reduced in SSc (+237%) as 
compared to PRP (+485%) (p=0.0068). 
Post-ischaemic hyperaemic area under 
the curve (AUC) was blunted in SSc 
(79U/sec) compared to PRP (167 U/
sec) (p=0.0126). Proximal distal gra-
dient was noticed in 74% of HS, 45% of 
PRP and 36% of SSc (p=0.01). 
Homogeneous pattern of flux distribu-
tion was significantly different between 
HS (95%), PRP (80%), and SSc (16%) 
(p<0.0001). Among SSc patients, a sig-
nificant difference in ischaemic chal-
lenge was shown between patients with 
early-SSc versus patients with definite-
SSc.
Conclusions. Our preliminary results 
indicate a clear-cut alteration of the 
dynamic of microcirculation in SSc-RP 
as compared to PRP and HS. Among 
SSc patients, early-SSc is a separate 
entity as compared to established      
disease.

Introduction
Raynaud’s phenomenon (RP) is a re-
versible vasospasm of the extremities 
that can occur either as an isolated 
symptom without underlying disorders 
(primary RP) or in association with an-
other disorder or condition (secondary 
RP). Most cases of severe RP are asso-
ciated with Connective tissue diseases 
(CTD). This symptom occurs often in 
CTD (1-5) and in 90% of patients with 
systemic sclerosis and is often per-
ceived as the most important clinical 
problem (6). RP is the clinical reflec-
tion of diffuse microvascular damage 
typical of the disease. Microvascular 
changes are typically observed in the 
nailfold by capillary microscopy and 
are in fact exploited for the early di-
agnosis of SSc and prognostication of 
disease evolution (7-9). In fact, accord-
ing to the so-called vascular hypothesis 
raised by LeRoy, microvascular in-
volvement is pivotal for SSc pathogen-
esis and may be the direct trigger for 
the fibrotic process seen in this disease 
(10).
Capillaroscopy generally provides 
static information on microvascular in-
volvement and few data on the dynamic 
of microvessels are given by this tech-
nique. On the other hand, laser speckle 
perfusion imager (LASCA) may offer 
the advantage of evaluating microves-
sel reactivity. This technique has proven 
reliable and reproducible in measuring 
skin microvascular reactivity in healthy 
subjects (11). The aim of the present 
work was to perform LASCA at base-
line and after dynamic stimuli in con-
secutive patients affected by Raynaud’s 
phenomenon, to outline differences in 
different Raynaud’s populations and 
to test the performance of LASCA in 
discriminating primary from secondary 
Raynaud’s phenomenon, with particu-
lar reference to SSc-related Raynaud’s 
phenomenon.
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Patients and methods
The study protocol was approved by the 
local ethics committee. After written 
informed consent, a total of 76 subjects 
were recruited: 20 healthy subjects (HS) 
and 56 consecutive patients with RP at-
tending the rheumatology clinic in the 
period from June 2011 to May 2012. 
Patients with Raynaud’s phenomenon 
were divided into two groups: 20 with 
PRP according to LeRoy Criteria (12) 
and 36 with Raynaud’s phenomenon 
secondary to SSc (SSc-RP). Data of pa-
tients with systemic sclerosis are sum-
marised in Table I. Twenty-eight pa-
tients fulfilled the American College of 
Rheumatology criteria for diagnosis of 
SSc (13) and 8 were classified as early 
SSc, both according to VEDOSS pro-
posal and to patient-derived definitions 
(14-16). 
The patients underwent a thorough 
physical examination and a number of 

instrumental investigations in order to 
assess organ involvement, according 
to a defined core set of variables to be 
used in clinical studies for SSc (18). 
Skin involvement was assessed using 
the modified Rodnan skin score (19). 
Oesophageal involvement was assessed 
by esophagogram. Pulmonary arterial 
hypertension was screened by echocar-
diogram and confirmed by right heart 
catheterisation. Interstitial lung dis-
ease was assessed by chest x-ray, HR 
CT lung scans and respiratory function 
tests. The presence of a history of digi-
tal ulcer was recorded as well as ma-
jor cardiovascular risk factors such as 
smoking, diabetes, hypertension, dys-
lipidemia. Caffeine, nicotine and non-
steroidal anti-inflammatory medica-
tions were forbidden to all the patients 
24 hours prior to the test. Vasodilator 
medications were allowed provided the 
dose was stable in the 12 weeks prior 

to the test. Patients who underwent Ilo-
prost treatments were assessed just be-
fore the infusion. Epidemiological and 
clinical data, collected at time of laser 
imaging, are further detailed in Table II.

Laser speckle flowmetry
Cutaneous blood flow was measured 
throughout the experiments using a 
high frame rate LASCA (Pericam PSI 
system, Perimed, Jarfalla). Laser wave-
length was 785 nm. The laser scanning 
device was placed 20 cm above the skin 
of the dorsum of the hand. The image 
acquisition rate was 10 s-1 and frames 
were 11 x 11 cm. The instrument was 
calibrated using a suspension of poly-
styrene microspheres according to the 
manufacturer’s instruction. The patients 
were firstly acclimatised by getting them 
to rest at a constant temperature (22-
24°C) for 30 minutes. The basal record-
ing lasted 5 minutes. The colour image 
of the dorsum of the hand was assessed 
to evaluate qualitative parameters, such 
as the presence of proximal distal gra-
dient and homogeneity of flux distribu-
tion, as previously described (20).
Then the patients underwent both the 
ischaemic and cold test. Since the repro-
ducibility of the tests has not been as-
sessed in this study, we did not consider 
the raw data but expressed the flux after 
dynamic stimuli as the relative percent-
age variations with respect to the basal 
flux, setting the baseline at 100% (21).
The occlusive/ischaemic test was per-
formed by inflating for 4 minutes a cuff 
placed on the left arm to 30 mm Hg 
above the systolic pressure. The recov-
ery time (time needed to recover the 
basal flux after occlusion in seconds), 
the peak flux (hyperaemic peak reached 
after occlusion) and the area under the 
hyperaemic curve were recorded.
After 30 minutes of further acclima-
tisation, the cold test was performed 
by dipping the left hand (covered by 
a latex glove) in refrigerated water at 
16°C for 90 seconds. The glove was 
then immediately removed registering 
the blood flow in the same hand until 
re-warming and recovery of the basal 
flux. The cold flux (the flux after the 
cold test) and the time of recovery 
(time of recovery of the basal flux ex-
pressed in minutes) were recorded. 

Table I. Clinical data of SSc patients.

Patient number	 36
F/M	 34/2
Mean age	 55	 (18-82)
Disease duration (RP, non RP)	 21,7-15,4
Mean Rodnan’s skin score	 7
Digital ulcer history	 14/36	 (38%)
D/L/early-SSc	 4/24/8
Oesophageal involvement	 25/36	 (69,4%)
ILD	 15/36	 (41%)
PHT	 3/36	 (8,3%)
ACA	 23/36	 (62,8%)
Scl-70	 8/36	 (22,8%)

Table II. Epidemiological and clinical features of the subjects.

	 SSc-RP	 PRP	 HS

Sex (F/M)	 36/2	 16/4	 18/5
Mean age	 55 ± 15 (18-82)	 36 ± 13 (19-64)	 42 ± 12 (26-59)
Mean duration of RP (years)	 15.7 ± 16	 11.5 ± 15	 -
Vasodilator therapy	 16/36	 -	 -
Arterial hypertension	 6/36	 -	 -
Diabetes	 -	 -	 -
Hyperlypidemia	 3/36	 -	 -
Smoking	 4/36	 -	 -
BMI (mean)	 23.7	 21.7	 21.3

Table III. Capillaroscopy patterns and capillary density in Raynaud’s patients.

	 SSc-RP	 PRP

Pattern:		
Normal or minimal changes	 -	 20/20
Scleroderma pattern:	 36/36	 -
   early	 11/36	 -
   active	 9/36	 -
   late	 16/36	 -
Capillary density (per mm)	 4 ± 1.6	 7.6 ± 0.5
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Nailfold video-capillaroscopy
Nailfold videocapillaroscopy was per-
formed using an optical probe-equipped 
videocapillaroscope with a 200 x con-
tact lens (Scopeman, Pico charm view), 
connected to image analysis software 
(Alpha strumenti, Milan, Italy). Capil-
laroscopic patterns in SSc patients were 
classified according to Cutolo et al. (8). 
Table III shows capillaroscopic patterns 
and capillary density (per linear mm) in 
Raynaud’s patients.

Statistical analysis
Data of the patients were stored in a 
computerised database. Statistical anal-
ysis was performed by Statview soft-
ware. Demographic and clinical data 
were analysed by descriptive statistic. 
Correlation between clinical data and 
laser measurements were performed 
by Spearman’s rank test, ANOVA post 
hoc test and logistic regression, both 
univariate and multivariate. Values are 
expressed as mean ± 1 standard devia-
tion (SD) unless otherwise indicated. In 
view of the high number of compari-
sons involved, Bonferroni correction 
was applied.

Results
Basal recording
Basal recording was significantly 
higher in SSc patients (29.5±15)  as 
compared to HS  (19±8) and PRP sub-
jects (15±8) (p=0.0025 and <0.0001) 
(Fig. 1). Basal values were weakly 
correlated to age (Spearman rank’s 
correlation 0.26 p=0.02). The differ-
ences between groups were maintained 
when corrected for age. Since half of 
the patients with SSc and none of PRP 
and HS, were treated with vasodilator 
drugs, we assessed if there were dif-
ferences in the basal values according 
to treatment, but no discrepancy was 
noted (29.6 with vs. 29.5 PU without 
treatment p=ns).
No statistical significant differences in 
the basal values were noted between 
patients with early disease and long-
standing disease, nor according to dis-
ease subset (limited vs. diffuse), vaso-
dilator therapy, capillaroscopic pattern, 
type of organ involvement or to the 
presence/absence of cardiovascular 
risk factors.

Qualitative parameters
The distribution of skin flow in the dor-
sum of the hand was significantly dif-
ferent between HS, PRP and SSc-RP. 
Indeed, proximal distal gradient was 
noticed in 74% of HS, 45% of PRP and 
36% of SSc-RP (p=0.01). Homogene-
ity of flux distribution was detected in 
95% of healthy subjects, 80% of PRP 
and 16% of SSc-RP (p<0.0001). 

Cold test
Figure 2 shows the percentage vari-
ation from the baseline values during 
the cold test. After cold test, SSc-RP 
had a significant reduction in blood 
flow (-58±24%) as compared to HS 
(-19±25%) (p=0.01). The time nec-
essary to recover the basal flow was 
significantly higher in SSc-RP (58±43 
minutes) as compared to HS (18±29 

minutes) and PRP (19±24 minutes) 
(p=0.006 and 0.0016, respectively). 
When the SSc patients were divided 
according to the cutaneous subset 
(diffuse vs. limited), no statistical dif-
ferences were outlined. Moreover, no 
significant statistical  differences in the 
cold challenge were found between pa-
tients with early and long-standing dis-
ease, nor according to vasodilator ther-
apy, capillaroscopic pattern, type of 
organ involvement or to the presence/
absence of cardiovascular risk factors.

Occlusive/hyperaemia test
Following brachial artery occlusion, 
although the time to recover of the 
pre-test flux was longer in SSc patients 
(mean 291±611 sec) as compared to 
HD (179±357 sec) and PRP (170±222 
sec), the difference was not statisti-

Fig. 2. Cold challenge: 
percent variation from the 
basal value of HS as com-
pared to PRP and SSc pa-
tients (p<0.0001). In the 
box plots the 10th, 25th, 50th 
(median), 75th and 90th per-
centile of each variable are 
shown. Values above the 
90th centile and below the 
10th centile are plotted as 
points.

Fig. 1. Differences in basal 
recording between 36 SSc 
patients as compared to 20 
HS and 20 PRP subjects 
(p=0.0025 and <0.0001). In 
the box plots the 10th, 25th, 
50th (median), 75th and 90th 
percentile of each variable 
are shown.Values above the 
90th centile and below the 
10th centile are plotted as 
points.
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cally significant. The post-occlusion 
peak flow was significant reduced in 
SSc-RP (+237%) as compared to PRP 
(+485±435%) (p=0.0068). The area 
under the hyperaemic curve was sig-
nificantly reduced between SSc-RP 
(79±87 U/sec) as compared to PRP 
(167±204 U/sec) (p=0.0126) (Fig. 3). 
Among patients affected by Raynaud’s 
phenomenon, peak flow and the area 
under the hyperaemic curve were cor-
related to capillary density (Spearman 
rank’s correlation: peak flow: 0.53 
p<0.0001; area under the hyperaemic 
curve: 0.49 p=0.0002).
Among SSc patients, a significant 
difference in peak flow after ischae-
mic test (543±600 % vs. 150±135 % 
p=0.0068), in the post-occlusive hyper-
aemic area under the curve  (158±163 
vs. 58±29 U/sec p=0.005) and in du-
ration of hyperaemic response after 
ischaemic test (711±1211 seconds vs. 
171±224 seconds p=0.047) was shown 
between patients with early-SSc versus 
patients with definite SSc (Fig. 4). 
No difference in the dynamic of micro-
circulation was noticed between dif-
fuse and limited disease, nor according 

to vasodilator therapy, capillaroscopic 
pattern, type of organ involvement or 
to the presence/absence of cardiovas-
cular risk factors.
Differences between groups sorted out 
by univariate analysis were entered in 
a multivariate model to outline items 
that independently discriminated be-
tween groups. Homogeneity of flux 
distribution (p<0.0001) independently 
discriminated between HS, PRP and 
SSc-RP, respectively.

Discussion
LASCA allows non-invasive qualita-
tive and quantitative analysis of the 
microcirculation. Most previous stud-
ies were performed by laser Doppler 
and few data are available with this 
technique in Raynaud’s phenomenon. 
Studies on single point laser Dop-
pler (LD) flowmetry have shed light 
on the dynamic of microcirculation in 
Raynaud’s phenomenon. The results 
are not always consistent, however, 
due to the variability of LD technique 
and poor reproducibility.
Basal skin blood flow have been 
claimed to be either reduced or normal 

in SSc patients as compared to healthy 
people (22-23). Skin perfusion showed 
a correlation with the progression of 
vascular damage evaluated by capil-
laroscopy (24). Ischaemic challenge 
and cold test have yielded similar re-
sults, where some studies reported no 
consistent differences in these tests 
between primary and secondary RP, 
while others contradicted these results 
(22, 24). A different kinetic of response 
to ischaemic challenge and cold stimu-
lus have been claimed within SSc cuta-
neous subset, diffuse disease showing a 
distinct alteration of ischaemic test and 
limited disease with a prevalent affec-
tion of the response to cold (25). These 
discrepancies might be responsible for 
blunting differences when dissimilar 
proportion of the disease subsets are 
mixed in different studies. 
A number of surveys have been per-
formed by laser Doppler perfusion 
imaging (LDI) (26-29). This technique 
allows the mapping of a large skin area. 
It is therefore possible to assess region-
al differences in the intensity and in 
the distribution of perfusion. Proximal/
distal gradient and homogeneous dis-

Fig. 3. Differences in 
post-ischaemic peak flow 
(p=0.0068) and in the hy-
peraemic area under the 
curve (p=0.0126) between 
PRP and SSc patients. In 
the box plots the 10th, 25th, 
50th (median), 75th and 90th 
percentile of each variable 
are shown. Values above 
the 90th centile and below 
the 10th centile are plotted 
as points.

Fig. 4. Differences in 
post-ischaemic peak flow 
(p=0.0068) and in time of 
recovery after the ischae-
mic test (p=0.047) between 
early-SSc and established-
SSc. In the box plots the 
10th, 25th, 50th (median), 
75th and 90th percentile of 
each variable are shown.
Values above the 90th cen-
tile and below the 10th cen-
tile are plotted as points.
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tribution is typical of a healthy subject, 
while PRP subjects show homogene-
ous distribution without proximal/dis-
tal gradient and eventually SSc patients 
generally lack either proximal/distal 
gradient and homogeneity of flux dis-
tribution (26-27). Our study confirms 
these results, showing a homogeneous 
distribution of flux in only 16% of SSc 
patients, as compared to 80% of PRP 
and 95% of HS, while proximal/dis-
tal gradient is more frequent in HS as 
compared to PRP and SSc. Regional 
differences in the response to cold 
challenge have been outlined in SSc 
patients according to capillaroscopic 
progression (28). Also, the response to 
the administration of Bosentan shows 
regional variations, with a more strik-
ing increase in the skin region distal to 
the interphalangeal joint. The response 
to treatment is affected even by capilla-
roscopic pattern, with wider improve-
ments in subjects with early and active 
pattern as compared to late pattern 
(29). Local differences in the distribu-
tion and intensity of flow might predict 
the development of ischaemic digital 
lesions (30).
The main limitation of LDI, however, 
is the long time needed for scanning, 
that may not allow the detection of 
quick variations during dynamic tests. 
According to these experiences, there 
is no uniform approach in the assess-
ment of microvascular involvement 
in Raynaud’s phenomenon. The most 
reliable information could probably be 
obtained by a combination of different 
techniques, including capillaroscopy 
and thermography (31).
In this preliminary report we have dem-
onstrated that LASCA is able to pick 
out a number of differences between 
the HS and RP population, particularly 
in the subset of SSc-RP. We detected 
a significant increase in basal flow in 
SSc patients as compared to HS and 
PRP patients. We have no clear expla-
nation for this phenomenon; a signifi-
cant number of our SSc patients (50%) 
were under vasodilator treatment at 
time of study, all of the treated patients 
were taking calcium channel blockers, 
while six of them received monthly in-
fusions of Iloprost. When patients were 
divided according to therapy, however, 

no significant difference emerged. 
Despite having higher values in ba-
sal condition, SSc patients showed a 
marked depression of flow under cold 
challenge as compared to HS. The time 
of rewarming was slower both in com-
parison to HS and PRP patients. 
As regards the post-occlusive test, SSc 
patients showed a blunted response, 
both in terms of peak flow and in the 
hyperaemic area under the curve, as 
compared to PRP. 
When SSc patients were stratified ac-
cording to early and established SSc, 
a peculiar difference in the ischaemic 
challenge was noticed. Early-SSc pa-
tients showed a significant increase in 
the amplitude of the hyperaemic re-
sponse (both in peak flow and the area 
under the hyperaemic curve), but also 
a prolongation of the recovery time as 
compared to established SSc. This em-
pirical observation is consistent with 
the detection of high level of proangio-
genic cytokines observed in the earliest 
stages of the disease as a compensatory 
phenomenon against ischaemia (32). 
Overexpression of these cytokines, 
however, is insufficient to trigger the 
repair process and the persistent up-
regulation might rather deteriorate vas-
cular processes than support the forma-
tion of new vessels (33-35). 
Our preliminary results indicate a 
clearcut alteration of the dynamic of 
microcirculation in SSc-RP as com-
pared to PRP and HS. Among SSc 
patients, early disease seems to have 
a different pattern of microvascular re-
activity as compared to established dis-
ease. The transition of microvascular 
alterations from the beginning of the 
disease to the late stages encompass a 
number of steps that have been com-
prehensively described by capillaros-
copy. In the initial stages, the hallmark 
of microvascular involvement is the 
presence of giant capillaries without 
architectural derangement, while the 
following steps are characterised by a 
progressive loss of capillaries, that mir-
rors the loss of vasculogenetic and an-
giogenetic capacity, well described by 
Cutolo et al. (8). In this study we de-
scribed for the first time the functional 
alterations in early SSc as compared to 
established  disease and noticed that 

a peculiar alteration of the ischaemic 
test is involved in the earliest stages of 
the disease. This peculiar alteration of 
microvascular reactivity lends support 
to the hypothesis that the disease starts 
with the beginning of Raynaud’s phe-
nomenon rather than with the appear-
ance of the first non-Raynaud’s symp-
tom (17). Moreover, it strengthens the 
concept that an early detection of a 
SSc pattern on capillaroscopy should 
compel our diagnosis on SSc spectrum 
rather than on undifferentiated con-
nective tissue disease (36-40). Further 
validation of these results on a larger 
series of patients are under way.
In a clinical setting, LASCA may prove 
useful for better refining the discrimi-
nation between primary and secondary 
Raynaud’s phenomenon and possibly 
characterising SSc microangiopathy. 
Moreover, the advantage of LASCA is 
that combines the rapidity of acquisi-
tion with the possibility of mapping a 
relatively large skin area. These fea-
tures may allow the study of regional 
differences in skin perfusion that may 
have prognostic significance and to 
evaluate in vivo and in real time the ef-
fect of pharmacological challenge on 
selected areas in order to avoid useless 
and potentially harmful administration 
of expensive vasodilator treatments, 
in an era where patient centered care 
and cost/effectiveness of medications 
have to be taken into account (41). On 
the other hand, the main limitations 
of LASCA are the lack of spectral in-
formation and of absolute quantitative 
measurements (42).
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