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ABSTRACT
Objective. To perform a systematic 
review evaluating the use of infrared 
thermography (IRT) as an endpoint in 
clinical trials of Raynaud’s phenomenon 
(RP).  
Methods. Articles reporting the use of 
IRT and Raynaud’s phenomenon were 
identified following systematic searches 
of PubMed, EMBase, MEDLINE and 
AMED databases. Articles incorporat-
ing IRT as an endpoint in a therapeutic 
trial were selected for full text analysis. 
Data extracted from articles included 
study design, study size, intervention, 
clinical and thermographic endpoints, 
and outcomes. Studies were scored 
on their methodological quality. Data 
analysis involved a descriptive analysis 
of the studies, along with a secondary 
analysis focusing on agreement between 
clinical and thermographic outcomes in 
the larger, better-described studies.  
Results. Thirty-two studies evaluating 
654 patients with RP were assessed. 
Significant heterogeneity between stud-
ies precluded any attempt at formal 
meta-analysis. Most studies were small 
(median 15.5 patients) and open-label 
design (19/32, 59.4%). The majority 
of studies (18/32, 56.3%) reported im-
provements in both clinical and ther-
mographic endpoints. Thermographic 
parameters showing agreement with 
clinical endpoints in therapeutic trials 
included baseline hand/finger absolute 
temperature and parameters derived 
following local cold challenge, includ-
ing longitudinal thermal gradients and 
percent re-warming.
Conclusion. No single thermographic 
parameter has emerged as the pre-
ferred endpoint for clinical trials of RP. 
Objective microvascular imaging tools 
such as IRT have the potential to over-
come the limitations of self-report as-
sessment of RP. Future studies should 

continue to evaluate IRT, alongside 
recommended self-reports, in an at-
tempt to validate objective microvas-
cular assessment tools in therapeutic 
trials of RP.

Introduction
Raynaud’s phenomenon (RP) is charac-
terised by excessive peripheral vascular 
reactivity to cold exposure and emo-
tional stress leading to intermittent epi-
sodes of digital ischaemia (1). Episodes 
are frequently associated with pain and 
impaired motor and sensory function. 
For the majority of patients, RP occurs 
as an isolated phenomenon (termed pri-
mary Raynaud’s) however in a minority 
it can herald the onset of potentially life 
threatening diseases such as systemic 
sclerosis (SSc) in which vascular dys-
function can lead to irreversible mor-
phological vascular changes and digital 
necrosis (1, 2). Treatments are avail-
able to reduce the impact of the disor-
der by altering the balance of vascular 
resistance in favour of vasodilatation. 
Objective quantification of peripheral 
vascular dysfunction in RP is challeng-
ing but essential to allow evaluation of 
response in therapeutic trials. 
The episodic nature of RP attacks has 
led to a dependence on self-report as-
sessment of the frequency, duration 
and severity of Raynaud’s symptoms. 
These tools are subjective, sensitive to 
placebo effect, time consuming, require 
a prolonged period of assessment and 
influenced by seasonal variation in en-
vironmental temperature. Furthermore, 
the frequency, duration and severity of 
RP attacks are intrinsically linked with 
the effectiveness of coping strategies 
adopted by patients to avoid the condi-
tions responsible for an attack. Due in 
part to these problems and despite the 
many therapeutic pharmacological and 
non-pharmacological studies in RP, 
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only di-hydropyridine calcium antago-
nists (usually nifedipine) and intrave-
nous prostanoids are currently recom-
mended for the treatment of RP as part 
of SSc (3).
A major limiting factor of studies as-
sessing efficacy in therapeutic studies 
of Raynaud’s phenomenon is the lack 
of validated objective outcome tools for 
the assessment of digital vascular func-
tion. Currently, only patient self-reports 
and physician global assessments of 
RP severity are recommended for use 
in therapeutic trials of Raynaud’s phe-
nomenon (4). Of the methods that have 
been evaluated to attempt to objectively 
assess digital vascular function, the 
most widely assessed has been infrared 
thermography (IRT). IRT has the advan-
tage of providing sensitive, quantifiable 
and responsive data regarding vascular 
function. Thermographic protocols for 
RP assessment often incorporate a local 
cold stress test (CST) to allow dynamic 
assessment of vascular function in an at-
tempt to simulate the conditions respon-
sible for an attack of Raynaud’s in vivo. 
However, there is no consensus on the 
duration, magnitude of the challenge or 
the exact thermographic endpoints.
In this systematic review we have iden-
tified studies that have incorporated IRT 
as an endpoint in therapeutic trials of 
RP. We shall describe and critique the 
various thermographic protocols and 
endpoints used previously and highlight 
potential areas for future research.

Methods
Study selection
To ensure comprehensive study identi-
fication, our search criteria extended to 
all articles reporting the use of IRT in 
the context of Raynaud’s phenomenon 
and scleroderma spectrum disease. Ini-
tial searches indicated this was neces-
sary to capture all studies using IRT as 
an outcome measure, despite identify-
ing a large number of diagnostic or 
unrelated studies. A systematic search 
of the literature, limited to the English 
language and articles published be-
tween 1975 and the present day, was 
performed using the MEDLINE, EM-
Base, AMED databases accessed via 
the NHS National Health Resources on 
March 9th 2011. The search terms used 

were: (Thermography) AND (CREST 
OR Scleroderma OR systemic sclerosis 
OR Raynaud’s).
An additional search was undertaken us-
ing PubMed on 21st October 2011. The 
following keywords and medical sub-
ject heading (MeSH) terms were used: 
(Thermography [all fields] OR Thermal 
[all fields]) AND (Raynaud’s [all fields] 
OR CREST [all fields] OR sclerosis, 
progressive systemic [all fields] OR 
scleroderma [all fields]). An additional 
hand search of relevant articles cited in 
these papers was also performed. The 
study selection process comprised two 
rounds. The first was based on the titles 
and abstracts of the studies identified 
following the preliminary searches. Di-
agnostic studies, or those investigating 
conditions other than RP or SSc (such 
as morphoea) or paediatric assessment 
were excluded. Similarly, review arti-
cles, editorials, comments, conference 
abstracts and individual case reports 
were excluded from analysis unless 
they reported the findings of a clini-
cal trial. Studies incorporating meth-
ods other than non-contact IRT for the 
measurement of cutaneous temperature 
(such as contact thermistors) were also 
excluded. The full text of each article 
identified for further assessment in the 
first round was reviewed. Studies ful-
filling the above exclusion criteria, or 
those lacking sufficient information to 
facilitate further analysis were subse-
quently excluded. 

Data extraction
One investigator (JDP) was responsi-
ble for selecting and reviewing articles 
based on title and abstract. The full 
text studies selected for further consid-
eration were reviewed by 2 investiga-
tors (JDP and JAS). Data was system-
atically extracted using a pre-designed 
proforma to record year of publication, 
study design, study size, patient charac-
teristics, intervention, clinical endpoints 
and outcome, together with thermo-
graphic endpoints and outcome. In ad-
dition, each study was scored independ-
ently by 2 investigators (JDP and JAS) 
for methodological quality using the 
well-described Jadad scoring method 
(scale 0–5) (5). Where agreement was 
not present following independent as-

sessment, the full text was reviewed by 
both assessors and a consensus reached. 
In particular, studies were only awarded 
a point for describing withdrawals and 
dropouts if this was explicitly stated in 
the text, even if the results presented 
would suggest no patients had dropped 
out of the trial. In accordance with pre-
vious studies, Jadad scores of 0–2 and 
3–5 were considered low and high qual-
ity, respectively. 

Study analysis
An analysis of all studies was undertak-
en to describe their key characteristics 
in terms of study design, intervention 
and clinical/thermographic parameters 
used. Relatively small study numbers 
and significant variation in study de-
sign, therapeutic intervention, imaging 
protocols and thermographic endpoints 
precluded any useful attempt at statisti-
cal pooling of results as part of a for-
mal meta analysis. Nonetheless, some 
indication of the utility of specific ther-
mographic parameters can be derived 
from evaluating agreement between the 
outcomes of clinical and thermographic 
endpoints of digital vascular function 
following intervention. A secondary 
analysis was therefore undertaken fo-
cusing on agreement between clinical 
and thermographic outcomes within 
studies. Studies failing to adequately 
report the outcome of clinical and/or 
thermographic endpoints, or those with 
small sample sizes (n≤13), were exclud-
ed from the secondary analysis to ensure 
this targeted the larger, better described 
studies with greater informative value.

Results
Article selection
Of the 294 articles identified from the 
original searches, 37 were deemed ap-
propriate for full text analysis. Of these 
publications, a further 6 were excluded 
on review of the full text; four due to 
the use of contact thermocouples rath-
er than IRT (6-8), one review article 
(9), and one which failed to report the 
methods or outcome of thermal imag-
ing (10). We could not obtain the manu-
script for one study using either our in-
stitutional subscriptions or inter-library 
loans service (which included access 
to all journals held within the British 
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Library) (11). Two additional publica-
tions were identified following a sub-
sequent hand search prompted by cita-
tions identified in the full-text of other 
selected articles and were included in 
subsequent analysis. This resulted in a 
full-text review of 32 studies. A flow-
chart summarising the outcome of the 
search process used to identify publica-
tions for final analysis is presented in 
Figure 1. Twenty studies were excluded 
from the secondary analysis (evaluat-
ing agreement between clinical and 
thermographic endpoints) due to small 
sample size (n≤13) and/or an insuf-
ficient description of clinical and/or 
thermographic endpoints (12-31). The 
key characteristics and findings of the 
twelve studies included in the second-
ary analysis are summarised in Table 

I. A more comprehensive summary of 
the key characteristics of all 32 studies 
reviewed is available as supplementary 
material (Supplementary Table I). 

Study population
The 32 publications identified follow-
ing the literature search represent the 
study of 654 patients with Raynaud’s 
phenomenon, the majority of whom had 
a diagnosis of SSc (326, 49.8%) or pri-
mary RP (230, 35.2%). The remaining 
patients (98, 15%) had RP associated 
with other conditions, typically other 
rheumatic diseases such as rheumatoid 
arthritis, mixed connective tissue dis-
ease and systemic lupus erythematosis. 
Many studies incorporated a heteroge-
neous mix of RP patients, and within 
these studies we did not identify sub-

analyses that specifically compared 
groups. Other studies used either solely 
primary RP (e.g. (32-34)) whereas oth-
ers use solely SSc (e.g. (35)). IRT did 
not appear to perform better in one dis-
ease group than the other although the 
small number of studies incorporating 
a homogenous disease cohort, and the 
range of interventions, precluded any 
useful comparison along these lines.

Study size
Study size was generally small with 
a median participant number of 15.5 
(inter-quartile range 8.75 to 26.75). 
Fifty percent of the studies consisted of 
greater than 15 subjects whilst ten stud-
ies (31.3%) consisted of fewer than 10 
subjects. 

Study design
A variety of methodological approach-
es were used, although the majority 
of studies were open-label in design 
(19/32, 59.4%). There were 10 (31.3%) 
randomised double-blind, placebo-con-
trolled (or cross-over studies), 2 sin-
gle-blind studies and one retrospective 
study.

Study quality
The majority of studies (22/32, 68.8%) 
would be considered of low quality ac-
cording to the Jadad score (0–2). Seven 
studies had a Jadad score of 3 and three 
had a Jadad score of 4. 

Date of publication
The studies are evenly distributed in 
terms of date of publication with 1 
study in the 1970s, 12 studies in the 
1980s, 8 studies in 1990s and 11 studies 
since 2000. 

Intervention
A large variety of interventions had 
been assessed including pharmacologi-
cal treatments (22/32, 68.7%), com-
plementary therapies (6/32, 18.7%), 
surgical intervention (2/32, 6.3%) and 
autologous blood product transfusions 
(2/32, 6.3%). The most commonly eval-
uated pharmacological agent was exog-
enous prostanoid therapy (9/32, 28.1%). 
Most classes of pharmaceutical drug 
commonly used in the management 
of Raynaud’s phenomenon have been 

Fig. 1. Literature search strategy and identification of relevant publications.
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evaluated thermographically in clinical 
trials, the only notable exception being 
phosphodiesterase inhibition. 

Technical aspects
As anticipated, a wide variety of brands 
and models of infrared camera were 
used in the studies, precluding any 
evaluation of study quality on the basis 
of equipment used.

Clinical endpoints
The majority of studies incorporated 
clinical endpoints. Many early studies 
adopted categorical descriptions from 
patients regarding RP severity following 
intervention (e.g. much better, better, no 
change, worse etc.) or visual analogue 
scales (VAS) scores assessing pain lev-
els associated with RP attacks (20, 36). 
More recent studies have incorporated 
quantitative assessments of RP severity 
using VAS and RP diaries recording at-
tack frequency, duration and severity. In-
terestingly, none of the studies had used 
the recommended Raynaud’s Condition 
Score (RCS) proposed in 1992 and rec-
ommended for use in clinical trials of 
RP since 2003 (4). Modified versions of 
the RCS, collecting information on the 
frequency and duration of RP attacks 
have been used, presumably for practi-
cal reasons relating to study design.

Thermographic protocol 
The majority of studies incorporated 
a period of acclimatisation in a quiet 
temperature-controlled laboratory prior 
to thermographic assessment. Tempera-
ture measurement of the dorsum of the 
hands was undertaken in most studies al-
though measurement of the volar aspect 
of the fingers has also been described 
(32). The majority of thermographic 
protocols incorporated a CST (22/32, 
68.8%), usually achieved through the 
submersion of gloved hands into a wa-
ter bath. The conditions of the CST var-
ied, although the most commonly used 
protocol involved a cold challenge of 
20°C for 60s (14/32, 43.8%). The use 
of cooled contact plates to promote va-
soconstriction has also been evaluated 
(13). Several studies incorporated an 
additional period of digital warming 
prior to evaluation of the CST (23, 22, 
15, 31, 37). 

Thermographic endpoints
Two principle methods have emerged 
for the reporting of thermographic end-
points; absolute temperature values of 
the hands and/or fingers from distinct 
regions of interest, and/or thermal gra-
dients derived from either the difference 
between the mean temperatures of the 
dorsum of the hand and of the fingers, or 
the longitudinal thermal gradient along 
individual digits. Studies with thermo-
graphic protocols incorporating a local 
cold challenge were able to report ad-
ditional thermographic parameters de-
scribing digital vascular responses to 
cold exposure and the characteristics of 
the re-warming process. These included 
absolute temperature values before and 
after cold challenge (36, 38, 18, 39, 40, 
31, 37, 32), percent recovery indices 
(e.g. maximum percent recovery dur-
ing 10 minutes re-warming period post-
CST) (40) or thermal gradients at specif-
ic time-points following cold challenge 
(34, 33, 23, 41, 17, 42, 14). If sufficient 
thermographic measurements are made 
following the cold challenge, attempts 
can be made to quantify the character-
istics of the re-warming curve using 
parameters such as the lag-time to re-
warming and maximum percent recov-
ery (35, 43). Additional thermographic 
parameters derived from the re-warm-
ing curve characteristics such as area 
under the curve and maximum gradient 
of re-warming that have been success-
fully applied in diagnostic studies have 
not been evaluated as endpoints in these 
therapeutic trials of RP. A small number 
of studies, notable for their small sam-
ple sizes, used a qualitative assessment 
of the appearances of the thermal im-
ages alone to attempt to demonstrate 
response to therapy (16, 27, 30).

Agreement between clinical 
and thermographic endpoints
– Improvement in both clinical and 
thermographic endpoints
The majority of studies (18/32, 56.3%) 
reported improvements in both clinical 
and thermographic outcome measures. 
Eleven of these studies were charac-
terised by either small patient numbers 
(n≤13) (14, 16, 19, 20, 24, 25, 29, 30, 
22) and/or failed to substantiate evi-
dence for thermographic improvement 

with supportive data (18, 31). The ex-
tent to which one can critically appraise 
the thermographic parameters used in 
these studies is questionable. The re-
maining 7 studies shall be considered 
further and are included within Table 
I (42, 41, 34, 38, 40, 36, 37). Three 
studies (1 blinded) evaluated the use of 
prostanoids such as prostacyclin (PG-I2) 
and prostaglandin E2 (PG-E2) in studies 
of greater than 20 patients (41, 38, 36). 
These parenterally administered agents 
are amongst the most potent vasodila-
tors and recommended for use in severe 
RP or for the emergency management 
of ischaemic complications in SSc 
(3). Clinical endpoints in these stud-
ies included pain VAS, subjective cat-
egorical variables (better, same, worse), 
ulcerative complications, and the fre-
quency, duration and severity of RP 
attacks. Two of these studies used the 
average temperature of hands/fingers 
at baseline to demonstrate improved 
peripheral vascular function follow-
ing therapy, but failed to demonstrate 
a significant change in the parameters 
derived following the CST (38, 36). In 
contrast, McHugh et al. did not iden-
tify improvements in baseline thermal 
imaging following iloprost therapy but 
did identify a reduced thermal gradient 
(dorsum of fingers – dorsum of hands) 
10 minutes post-CST indicative of a 
suppressed vasospastic response to cold 
exposure (41). The remaining 4 studies 
evaluated a range of interventions in-
cluding inositol nicotinate, serotonin 
re-uptake inhibition and low level laser 
therapy (LLLT) (42, 34, 40, 37). Ring et 
al. identified significant improvements 
in VAS scores for coldness, pain and 
numbness VAS scores, and a significant 
reduction in the estimated duration of 
vasospastic incidents post-treatment 
(42). This was accompanied by a sig-
nificant reduction in the magnitude of 
the thermal gradient 10 minutes post-
CST (the same thermographic endpoint 
used in the aforementioned study by 
McHugh et al.) (41, 42). Coleiro et al. 
used an open-label randomised cross 
over study design to demonstrate a re-
duction in the frequency and severity of 
RP attacks following fluoxetine therapy 
(40). This was accompanied by a signif-
icant improvement in percent re-warm-
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ing 10 minutes post-cold challenge. 
There was no improvement in baseline 
hand temperature following treatment 
(40). A double-blind study of LLLT un-
dertaken by Hirschl et al. demonstrated 
improvement in the intensity of RP at-
tacks accompanied by an improvement 
in the mean longitudinal temperature 
gradient across all fingers at 20 minutes 
post-CST (34). The number of digits 
with a pathological thermal gradient 
of <-1°C 10 minutes post-CST was 
not affected by LLLT (34). A similarly 
designed study, also evaluating LLLT, 
demonstrated significant improvements 
in the frequency and severity of RP 
attacks in both the LLLT and placebo 
arms (37). The thermographic improve-
ment, assessed using fingertip skin tem-
perature post-cold challenge, was only 
demonstrated in the LLLT arm of the 
study (37).

– Improvement in clinical endpoints 
alone
Six studies (6/32, 18.8%) identified im-
provements in clinical endpoints that 
were not accompanied by improve-
ments in thermographic parameters (12, 
39, 33, 23, 32, 43). Two studies were 
excluded from further analysis due to 
small study numbers (n≤13) (12, 23). 
Two of the studies were double-blind 
RCTs, one evaluating transdermal glyc-
erine tri-nitrate (GTN) (43), and the oth-
er LLLT (33). Thermographic endpoints 
in these studies included distal-dorsal 
gradients, number of digits with a DDD 
of <-1°C, characteristics of re-warming 
curves and mean fingertip temperature 
following cold challenge. Interest-
ingly, the study evaluating LLLT was 
undertaken by the same group that had 
demonstrated improvements of both 
clinical and thermographic parameters 
in an earlier similarly designed study 
involving fewer patients (34, 33). The 
remaining 2 studies (evaluating losa-
rtan therapy and auricular electroacu-
puncture) were open-label study design 
and improvement in clinical endpoints 
may have been achieved by placebo ef-
fect alone (39, 32). 

The remaining studies
Six studies failed to report any clinical 
endpoints, often those studies evaluat-

ing the acute digital vascular effects 
of therapeutic intervention (28, 26, 
21, 17, 15, 13). Another small study 
failed to undertake statistical analysis 
of clinical or thermographic outcomes, 
instead providing pictorial examples of 
ulcer healing and figures presenting the 
evolution of ulcer size and pain VAS 
for each patient during the study period 
(27). A well-designed study by Herrick 
et al., failed to identify improvements 
in either clinical or thermographic 
endpoints, possibly reflecting true in-
efficacy of the intervention (combina-
tion antioxidants and allopurinol) (35). 
No studies reported an improvement 
in thermographic parameters without 
also demonstrating an improvement in 
clinical endpoints. 

Discussion
The present paper is the first to system-
atically review the previous therapeutic 
studies of Raynaud’s phenomenon that 
have incorporated IRT as an outcome 
measure. Comparison between stud-
ies is limited by variation in study de-
sign, intervention, IRT protocols and 
endpoints, precluding any attempt at 
formal meta-analysis. Nonetheless, we 
have been able to provide a detailed de-
scription of the various methods incor-
porated in previous studies that can help 
influence the design of future work. No 
single method has emerged as the pre-
ferred thermographic parameter for use 
in clinical trials. We have attempted to 
highlight promising thermographic pa-
rameters by reporting those studies in 
which agreement was present between 
subjective clinical endpoints and ther-
mographic parameters. Thermographic 
parameters including absolute tempera-
ture measurements at baseline, and lon-
gitudinal thermal gradients and percent 
re-warming following cold challenge, 
have been successfully applied in stud-
ies reporting agreement between clini-
cal and thermographic endpoints. The 
major limitation of this approach is 
that subjective self-reports and thermo-
graphic assessment may provide differ-
ing information on peripheral vascular 
function. 
IRT, along with other non-invasive 
microvascular imaging modalities, is 
not currently included in the proposed 

core set of outcome measures of vas-
cular dysfunction in clinical trials of 
RP and SSc, although the urgent need 
for useful markers of biological vas-
cular activity has been highlighted 
(4). The outcome measures currently 
recommended for use in clinical trials 
are patient self-reports or physician 
global assessments. There are obvious 
limitations to a reliance on subjective 
endpoints. Patient self-reports of RP 
severity, usually taking the form of a 
diary of frequency, duration and sever-
ity of attacks carry several limitations. 
They are subjective, time consuming, 
poorly completed, and influenced by 
seasonal variation in environmental 
temperature and strategies adopted by 
patients to avoid conditions necessary 
for an attack of RP. It is our experience 
that patients with profound peripheral 
vascular dysfunction, as is commonly 
seen in SSc, have a tendency to under-
report RP severity in self-reports. This 
may be the result of habituation and 
difficulty discerning discreet RP at-
tacks from chronic basal vascular com-
promise associated with progressive 
structural microvascular dysfunction. 
Furthermore, psychosomatic testing 
has revealed distinct personality traits 
between patients with primary and sec-
ondary RP which could influence self-
report measures of RP severity between 
the 2 groups (44). The extent of place-
bo effect noted in previous therapeutic 
studies highlights a major disadvantage 
to self-reports of RP severity. Large 
randomised controlled studies incorpo-
rating diary cards have reported statis-
tically significant improvements in the 
Raynaud’s Condition Score (RCS), du-
ration and frequency of RP attacks of 
up to 60% in placebo arms (45-47). It is 
possible that “diary fatigue” could con-
tribute to a lower rate of self-report as 
studies progress. Whatever the cause, it 
becomes increasingly difficult to iden-
tify differences in between-group com-
parisons in the presence of such stark 
responses following sham therapy. 
Non-invasive microvascular assess-
ment tools, such as IRT, have the ad-
vantage of providing a rapid, quan-
titative, objective measure of digital 
vascular dysfunction upon which to 
guide diagnostic and therapeutic de-
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cisions. Any placebo effect might be 
expected to be lower using objective 
microvascular imaging tools compared 
with self-reports. Furthermore, the use 
of standardised microvascular imaging 
protocols, incorporating an acclimati-
sation period prior to assessment, may 
help negate the influence of seasonal 
variation in environmental temperature 
and the coping strategies adopted by 
patients to avoid cold, which influence 
self-reports. Several other non-inva-
sive microvascular imaging techniques 
such as laser Doppler, plethysmogra-
phy, digital artery pressure have been 
used in therapeutic trials of RP. We 
have not attempted to consider such 
methods as it would have greatly ex-
tended the scope of the review, render-
ing it increasingly difficult to compare 
and contrast previous work.

Conclusions
To date, no single thermographic pa-
rameter has emerged as a preferred 
endpoint for clinical trials. We would 
encourage the ongoing evaluation of 
microvascular imaging tools such as 
IRT in clinical trials of RP, alongside 
recommended self-report tools such 
as the RCS, noting the potential ad-
vantages of objective microvascular 
imaging tools over self-report. Such 
work should attempt to define the true 
nature of what each outcome measure 
actually informs us regarding digital 
vascular function. We would recom-
mend the creation of a consensus panel 
of experts to form recommendations on 
a standardised approach to the use of 
IRT in future clinical trials of RP. This 
would encourage the use of high qual-
ity thermographic protocols and end-
points, and facilitate easier comparison 
of the outcomes of therapeutic studies 
of RP. 
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