Baseline MRA predicts the treatment response to vasodilator
udenafil in patients with secondary Raynaud’s phenomenon
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ABSTRACT

Objective. High-resolution MR angio-
graphy (HR-MRA) demonstrates blood
flow in the digital arteries, which cor-
relates with the severity of Raynaud’s
phenomenon (RP). This study investi-
gates whether baseline HR-MRA of the
hand can predict the treatment response
to udenafil, a new PDES-inhibitor, in
patients with secondary RP.

Methods. Baseline MRA and Doppler
ultrasound were obtained in 12 patients
with secondary RP. The patients were
treated with udenafil 100 mg/day for 4
weeks and changes in blood flow were
measured. Blood flow on MRA was
scored on a 4-point scale: 0, no visible
flow; 1, visible flow to the proximal pha-
lanx; 2, to the middle phalanx; and 3, to
the distal phalanx. Peak systolic veloc-
ity (PSV) was measured to determine
blood flow. Paired t-test and ANOVA
were used to determine the treatment
response of the different MRA scores.
Results. On baseline MRA, 53.3% of
digital arteries had an MRA score of 0,
25.8% MRA score of 1,9.2% MRA score
of 2, and 11.6% MRA score of 3. Over-
all, 4-week udenafil treatment improved
digital flow (p<0.05) in all MRA scores.
Digital arteries with MRA score 2
showed the best response with improve-
ment in PSV by 14.5 mm/sec (p<0.01),
whereas improvement in arteries of
MRA scores 1 and 3 were not better than
an MRA score of 0 (all, p>0.05).
Conclusion. Digital arteries with mod-
erate blood flow observed on MRA re-
spond best to treatment with udenalfil.
Therefore, baseline MRA may help pre-
dict treatment response in patients with
secondary RP.

Introduction

Primary Raynaud’s phenomenon (RP),
a reversible vasospasm, is commonly
observed in the general population with-
out much clinical significance. To the
contrary, secondary RP associated with
underlying rheumatic diseases can lead
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to severe tissue ischaemia with tissue
necrosis and debilitating morbidity (1,
2). Extensive injuries of yet-to-define
mechanisms to the vascular wall with
subsequent functional and structural
changes of digital arteries are thought to
contribute to secondary RP (3-5). While
keeping one’s hands warm and avoid-
ance of cold exposure are often enough
to abrogate RP attacks in primary RP
patients, vasospastic attacks in patients
with secondary RP can last long with
substantial morbidity, often requiring
treatment with vasodilators. Among
vasodilators, the phosphodiesterase type
5 (PGES) inhibitor, which increased
the level of cGMP in vascular smooth
muscle cells, showed good efficacy in
improving blood flow and accelerating
the healing process of digital ulcers in
secondary RP patients (6-8). Since ude-
nafil as a new reversible selective PGE5
inhibitor has rapid onset and relatively
long duration of action with T1/2 of
7.3—12.1 hours, it is an attractive candi-
date for the treatment of RP (8).

High resolution three-dimensional MR
angiography (HR-3D-MRA) is now ca-
pable of accurately demonstrating blood
flow in the digital arteries, which cor-
relates with the duration and severity
of RP (9, 10). As vasodilation or rever-
sion of vasospasms is an active process
requiring the function of all vascular
wall layers, it is conceivable that struc-
tural damages to the vascular wall in
secondary RP may limit the vascular
response to vasodilators. Thus, arteries
with severe structural changes and fixed
lesions would respond less to vasodila-
tors, whereas vessels with non-fixed,
moderate vasoconstriction may respond
better to treatment and intact arteries
with no vasoconstriction would respond
only modestly.

Therefore, in our study, we hypothe-
sised that baseline structural changes of
the digital arteries seen on MRA would
be able to predict their response to vaso-
dilator udenafil, a new PDES5-inhibitor.
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Methods

This study was designed as a sub-study
of the previously published double-
blinded cross over study comparing the
efficacy of udenafil and amlodipine (8).
The present study was specifically de-
signed to investigate the value of base-
line MRA in predicting the response to
the vasodilator udenafil or amlodipine
in patients with secondary RP. As am-
lodipine did not show any efficacy in
improving digital flow, only data from
the udenafil group were analysed (8).
This study was registered at Clinical-
trials.gov under the protocol number
NCT01280266. The study protocol was
approved by Institutional Review Board
and informed consents were obtained
from all patients.

Study participants

RP patients associated with connective
tissue disease who were 18 or older and
had moderate to severe RP were in-
cluded. The presence of concurrent in-
fections of digits, an allergic reaction to
a PDES inhibitor, a history of coronary
artery disease or cerebrovascular dis-
ease, BP <90/50 mm Hg, or >170/100
mm Hg were excluded.

Study protocol

At baseline, MRA of the more severely
affected hand was obtained at a 3-T
imager (TIM Trio; Siemens, Erlangen,
Germany) with a flexible surface coil.
Gadolinium-enhanced imaging (0.1
mmol/kg, gadopentetate dimeglumine,
Magnevist; Schering, Berlin, Germany)
was performed using a 3D gradient
echo sequence with images acquired in
the hand’s coronal plane (TE 5.0 msec/
TR 1.7 msec; flip angle; 0.5x0.5 mm?
in-plane resolution, 0.7 mm slice thick-
ness). Acquisition time for the whole
3D volume was 20 sec. Blood flow
in all 10 proper palmar digital arter-
ies (PPDAs) arising from the common
palmar digital arteries in each hand was
scored based on the presence of visible
flow using a 4-point scale: 0, no visible
flow; 1, visible flow to the level of the
proximal phalanx; 2, visible flow to the
middle phalanx; and 3, visible flow to
the distal phalanx (Fig. 1).

Using Doppler ultrasound (Accuvix
XG; Samsung Medison, Seoul, Korea),
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Fig. 1. Scoring of blood flow of the proper palmar digital artery on MR angiography (MRA). 3T
arterial maximum intensity projection image shows multi-segmental, high-grade stenosis of the proper
palmar digital arteries (A). MRA scores 3, 2, and 1 were defined by the presence of visible flow at
the level of the distal (B: arrowhead), middle (C: arrowhead) or proximal phalanx (D: arrowhead),
respectively. Non-visible flow indicates score O (D, the radial side of the proper palmar digital artery).

peak systolic velocity (PSV, cm/sec) of
blood flow in the digital arteries was
measured in each of the 10 PPDAs of
the same hand before and after admin-
istration of udenafil 100 mg/day for
4 weeks. None of the patients experi-
enced an RP attack during the MRA or
Doppler ultrasound examinations.

Statistical analysis

The paired #-test was used to compare
blood flow before and 4 weeks after ad-
ministration of udenafil. Improvements
in PSV among all four MRA groups
were compared using one-way analysis
of variance (ANOVA) and Bonferroni-
Dunn posthoc tests for multiple com-
parisions. A p-value <0.05 was consid-
ered statistically significant. All statis-
tical analyses were performed using a
software package (SPSS 16.0; SPSS,
Chicago, I11).

S-168

Results

Patient demographics

A total of 12 patients were analysed
in this study (Table I). Their mean age
was 52.3+10.3 years with a female
dominance of 91.7% (11/12). The mean
duration of RP was 5.6+2.3 years.

Baseline MRA

Blood flow was not visualised in 64
(53.3%) of 120 PPDAs. In 31 (25.8%)
PPDASs the flow was visible at the level
of the proximal phalanx. The flow was
visualised at the level of the middle and
distal phalanx were only in 11 (9.2%)
and 14 (11.6%) in PPDAs, respectively,
reflecting that our enrolled patients had
moderate to severe luminal changes.

Improvement in digital flow according
to MRA score
The primary end-point of our study



Table I. Study population.

n=12
Age, mean = SD (yrs) 523 +10.3
Female sex, n (%) 11 91.7)
CTD subtype, n (%)
LcSSc 2 (16.7)
DcSS 7 (58.3)
MCTD 2 (16.7)
Sjogren’s disease 1 (8.3)
CTD duration, mean + SD (yrs) 51 £53
RP duration, mean + SD (yrs) 56 +23
Smoker, n (%) 0 (0)
Prior use of vasodilators™, n (%)
CCB 4 (33.3)
Pentoxifylline 1 (8.3)

*All patients stopped vasodilators on average 2
weeks prior to the study begin. CTD: connec-
tive tissue disease; RP: Raynaud’s phenomenon;
Yrs: years; LeSSc: localised systemic sclerosis;
DcSS: diffuse cutaneous systemic sclerosis;
MCTD: mixed connective tissue disease; SD:
standard deviation.

was improvement in the blood flow of
each digital artery to the level of the
proximal digital arteries after treatment
with udenafil. Indeed, the digital flow
of all MRA subgroups improved sig-
nificantly after udenafil treatment for 4
weeks (Table II).

Best response in arteries with
moderate structural changes on
baseline MRA

PPDAS of the different MRA scores re-
sponded differently to the vasodilator
(p=0.027, ANOVA); the RP group with
an MRA score of 2 showed the best re-
sponse compared to the groups of other
MRA scores (p=0.025). There was no
statistical difference between any other
groups (Fig. 2).

Discussion

Our findings demonstrate that baseline
luminal changes on MRA are associated
with the improvement in digital blood
flow in response to the vasodilator ude-
nafil, with the best response observed in
arteries of moderate luminal changes.
In patients with secondary RP associ-
ated with rheumatic diseases, the sever-
ity of RP might reflect the extent of vas-
culopathy-associated structural changes
of vessel walls and abnormal vasocon-
strictory response. Indeed, endothe-
lial cell dysfunction in systemic lupus
erythematosus, systemic sclerosis, and
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Table II. Improvements in blood flow in the digital arteries according to MRA score. Peak
systolic velocities (PSVs) were measured before and after udenafil administration for 4
weeks in each of the10 proper palmar digital arteries of the 12 patients.

MRA score n. (%) PSV before PSV after Mean difference ~ p-value
n=120 (mm/sec) (mm/sec) (mm/sec)

0 64 (53.3) 26.1 +12.3 296+ 12.7 3515 0.024

1 31 (25.8) 26.6 = 10.6 331+ 120 64 +£9.7 0.001

2 11 9.2) 257 =157 403+ 17.7 145 + 140 0.006

3 14 (11.6) 20.8 = 14.0 29.1 £ 20.7 82+109 0.014

Numbers represent mean + standard deviation.

Fig. 2. Improvements in digital flow P=0.025
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atherosclerosis leads to impaired relaxa-
tion of smooth muscle cells in response
to nitric oxide (11-14). It should be em-
phasised that blood flow in the digital
arteries seen on MRA may only reflect
the changes in luminal diameter as a
product of both reversible vasoconstric-
tion and irreversible, fixed structural
changes including intimal hyperpla-
sia as a result of vascular remodelling
(15). Although histologic correlation is
yet to be established, it is tempting to
speculate that the MRA score O group
might have advanced structural chang-
es with more fixed lesions, whereas the
MRA score 2 group might have more
reversible components contributing to
decreased luminal diameters. Indeed,
the best response was observed in those
with moderate MRA scores. Arteries
with an MRA score of 3 with good
visible perfusion in the distal finger
showed only modest response to the
vasodilator as those vessels may have
only trivial reversible vasoconstric-
tions at baseline. Moreover, as MRA
and Doppler-sonography were ob-
tained at a time when patients were not
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experiencing any acute RP attacks, the
decreased luminal caliber and blood
flow observed in our study may reflect
the chronic state of vasculopathy as a
combination of vascular remodelling
and/or persistent vasoconstriction due
to chronic vascular dysfunction in sec-
ondary RP.

This study has several limitations.
First, repeat MRAs were not obtained
after 4 week treatment with the vasodi-
lator. Thus, it remains to be established
whether improvement in the digital
flow on Doppler sonograms can be
translated into findings on MRA since
fixed structural lesions may persist.
Second, it remains to be defined wheth-
er arterial blood flow measured as PSV
truly correlates with arterial lumen size
on MRA since blood flow is the result
of a complex interplay of numerous
factors including capillary and venous
resistance in addition to luminal diam-
eters and arterial blood pressure. Last
but not least, our study included a rela-
tively small sample size and therefore
further studies with a larger cohort are
warranted.
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Conclusions

Digital arteries with moderate luminal
changes observed on MRA respond
best to treatment with udenalfil. There-
fore, baseline MRA may help predict
treatment response in patients with sec-
ondary RP.
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