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Decreased global myocardial perfusion at
adenosine stress as a potential new
biomarker for microvascular disease in
systemic sclerosis: a magnetic resonance
study
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Abstract

Background: Patients with systemic sclerosis (SSc) have high cardiovascular mortality even though there is no or
little increase in prevalence of epicardial coronary stenosis. First-pass perfusion on cardiovascular magnetic
resonance (CMR) have detected perfusion defects indicative of microvascular disease, but the quantitative extent of
hypoperfusion is not known. Therefore, we aimed to determine if patients with SSc have lower global myocardial
perfusion (MP) at rest or during adenosine stress, compared to healthy controls, quantified with CMR.

Methods: Nineteen SSc patients (17 females, 61 ± 10 years) and 22 controls (10 females, 62 ± 11 years) underwent
CMR. Twelve patients had limited cutaneous SSc and 7 patients had diffuse cutaneous SSc. One patient had
pulmonary arterial hypertension (PAH). MP was quantified using coronary sinus flow (CSF) measurements at rest
and during adenosine stress, divided by left ventricular mass (LVM).

Results: There was no difference in MP at rest between patients and controls (1.1 ± 0.5 vs. 1.1 ± 0.3 ml/min/g,
P = 0.85) whereas SSc patients showed statistically significantly lower MP during adenosine stress (3.1 ± 0.9 vs.
4.2 ± 1.3 ml/min/g, P = 0.008). Three out of the 19 SSc patients showed fibrosis in the right ventricle insertion
points despite absence of PAH. None had signs of myocardial infarction.

Conclusions: Patients with SSc have decreased MP during adenosine stress compared to healthy controls. Thus hypoperfusion
at stress may be a sensitive marker of cardiac disease in SSc patients possibly signifying microvascular myocardial disease.

Keywords: Systemic sclerosis, Scleroderma, Coronary sinus flow, Cardiovascular magnetic resonance imaging, Microvascular
disease

Background
Systemic sclerosis (SSc) is an autoimmune disease com-
monly recognized by its variety of multisystem auto-
immune activation, fibrosis, and microvascular disease
which yields a high cardiopulmonary mortality [1].
Macrovascular disease is present in many autoimmune
inflammatory diseases such as rheumatoid arthritis and

systemic lupus erythematosus [2]. SSc patients show
high prevalence of cardiovascular mortality [1, 3–5] even
with no or little epicardial stenosis [6–8]. This is likely
explained by impaired myocardial microcirculation
which may lead to repeated focal ischemia, myocardial
fibrosis, and diastolic dysfunction [9].
First-pass perfusion on cardiovascular magnetic reson-

ance (CMR) has demonstrated high prevalence of myo-
cardial perfusion (MP) defects in SSc patients with no
previous cardiac event [10, 11]. First-pass perfusion dur-
ing adenosine hyperemia is a well-established method to
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detect relative MP defects but cannot quantify total left
ventricular (LV) MP [12] which is necessary to assess
the global microvascular status of the left ventricle.
Since the majority of the perfusion of the LV myocar-

dium drains into the right atrium through the coronary
sinus, measurement of the coronary sinus flow (CSF) re-
veals the global LV MP both at rest and adenosine
hyperemia [13]. This can be quantified with CMR as ml/
min/g myocardium [14–19].
The aim of this study was to investigate if the global

MP in SSc patients is decreased at rest and during ad-
enosine stress compared to healthy controls.

Methods
Study population
The study was approved by the regional ethics commit-
tee, Lund, Sweden. Written informed consent was ob-
tained from the subjects. Consecutive patients fulfilling
the inclusion criteria of being diagnosed with SSc in
compliance with the American College of Rheumatol-
ogy/European League against Rheumatism 2013 classifi-
cation criteria for systemic sclerosis [20] were
prospectively asked to participate in the study. Patients
with claustrophobia or suspected hypersensitivity to ad-
enosine were excluded. Healthy volunteers within the
same age range were included in the study.

Cardiovascular magnetic resonance
Cardiovascular magnetic resonance (CMR) was per-
formed on a 1.5 T MR scanner with a 32-channel coil;
either a Philips Achieva (Philips Healthcare, Best, the
Netherlands) or a Siemens Magnetom Aera (Siemens
Healthcare GmbH, Erlangen, Germany). Left ventricular
(LV) function and mass was obtained from short-axis
cine imaging covering the LV acquired with a steady-
state free precession (SSFP) sequence during end-
expiratory breath-hold.
The coronary sinus flow (CSF) image plane was planned

with guidance from a basal LV short-axis image as shown
in Fig. 1. The image plane was defined to obtain a cross

section of the coronary sinus as close as possible to the ori-
fice in the right atrium to include as many LV cardiac veins
as possible. The middle cardiac vein was included to meas-
ure the total flow of the whole LV. CSF was measured at
rest and after 5 min of adenosine (Life Medical, Stockholm,
Sweden) infusion (140 μg/kg/min) using phase-encoded
breath-hold turbo field echo (TFE) velocity mapping se-
quence as previously described with a spatial resolution of
(1.7–2.1) × (1.9–2.1) × (8-10 mm) and a VENC of 80 cm/s
(rest) or 120–150 cm/s (stress) [14, 17, 18].
Late gadolinium enhancement (LGE) imaging was per-

formed with a 3D–inversion recovery gradient-echo (IR
GRE) sequence acquired during mid-diastole during
end-expiratory breath-hold. Short-axis slices covering
the entire LV and three long-axis projections were col-
lected 10–20 min after an intravenous administration of
additional 0.1 mmol/kg of Dotarem (Guirbet, Roissy,
France) after the resting perfusion. CMR sequence pa-
rameters are listed in Table 1.

CMR image analysis
Images were analyzed using the image analysis software
Segment version 2.0 R5014 [21, 22]. The coronary sinus
was manually delineated in the phase images (Fig. 1,
right panel) over the entire cardiac cycle to measure the
total CSF (mL/min) of one cardiac cycle. The corre-
sponding magnitude images were used for guidance to
localize anatomical structures (Fig. 1, left panel). In four
of the controls, the coronary sinus flow could not accur-
ately be measured at rest due to a gracile coronary sinus.
However, during adenosine hyperemia, the coronary
sinus flow was successfully obtained in these controls.
LV mass (LVM) was obtained from manual delinea-

tions of the endocardium and epicardium of the LV
in the short-axis SSFP cine images at both end-systole
and end-diastole. LVM was calculated as the myocar-
dial volume multiplied by the myocardial density
(1.05 g/mL). MP (ml/min/g) was quantified as CSF/
LVM (ml/min/g).
The degree of fibrosis was visually graded in LGE im-

ages by an experienced investigator (HE) (Fig. 2).

Statistics
Statistical analyses were performed using (IBM SPSS
Statistics for Windows, Version 23.0). Results are pre-
sented as mean ± SD. Because of the small cohort size,
the Mann-Whitney non-parametric test was used to
compare groups. Results with P < 0.05 were considered
statistically significant.

Results
The study included 19 SSc patients (17 females, 61 ±
10 years, range 45–74 years) and 22 controls (10 fe-
males, 62 ± 11 years, range 44–84 years). Medical history

Fig. 1 Typical example of coronary sinus delineation (dashed line) in a
patient with systemic sclerosis (SSc). Left: Anatomical image; Right:
Corresponding phase-contrast image. LA = Left atrium, LV = left ventricle
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was retrieved from the patient records and none had
previous history of ischemic heart disease.
The participants’ characteristics are shown in Table 2.

The hemodynamic response during adenosine is shown
in Table 3.

Global myocardial perfusion by coronary sinus flow
At rest there was no significant difference in MP be-
tween patients and controls (1.1 ± 0.5 vs. 1.1 ± 0.3 ml/
min/g, P = 0.85). During adenosine infusion, however,

SSc patients showed a significantly lower MP compared
to controls (3.1 ± 0.9 vs. 4.2 ± 1.3 ml/min/g, P = 0.008,
Fig. 3). MP did not differ between diffuse cutaneous and
limited cutaneous SSc at rest (0.9 ± 0.1 vs. 1.2 ± 0.2 ml/
min/g, P = 0.23), or adenosine stress (3.0 ± 0.5 vs. 3.1 ±
0.2 ml/min/g, P = 0.26). Two SSc patients had a substan-
tially higher skin score than the rest of the SSc group
and concurrently the lowest MP at stress in the same
group (patient1 skin score = 14, stress MP = 1.8 ml/
min/g, and patient2 skin score = 49, stress MP =
2.1 ml/min/g). The nailfold capillary density was 5.0
± 1.3 loops/mm and there was no correlation between
nailfold capillary density and MP at stress (p = 0.92).

Fibrosis by late gadolinium enhancement
Late gadolinium enhancement (LGE) images were not
obtained in three SSc patients because of inability to
withstand further scanning due to discomfort. Three
out of the nineteen SSc patients examined with LGE
had septal fibrosis in the right ventricular insertion
points. None of these patients had signs of previous
myocardial infarction.

Discussion
To the best of our knowledge this study is the first
to demonstrate and quantify that patients with SSc
have lower global MP during stress compared to
healthy controls. Lower global MP was found even in
patients with rather mild disease suggesting that dis-
turbed MP occurs irrespective of degree of fibrotic
skin involvement.

Fig. 2 Typical example of right ventricular insertion point fibrosis
marked with arrows in two patients with systemic sclerosis (SSc)

Table 1 CMR sequence parameters

Sequence parameters Coronary sinus flow Cine imaging LGE

Philips Siemens Philips Siemens Philips Siemens

Repetition time [ms] 5 5 2.9 2.5 4.2 8.3

Echo Time [ms] 2.6 2.8 1.5 1.1 1.3 3.2

Flip angle [degrees] 15 20 60 69 15 25

Inversion/saturation time [ms] n/a n/a n/a n/a 220–280 300

segmentation factor 4 4 17 17 20

Aquired spatial res. [mm] 2.1 × 2.1 × 10 1.7 × 1.9 × 8 2 × 2 × 8 2.2 × 2.2 × 8 1.5 × 1.5 × 8 1.3 × 1.8 × 8

Reconstructed spatial res. [mm] 1.1 × 1.1 × 10 1.6 × 1.6 × 8 1.3 × 1.3 × 8 2.2 × 2.2 × 8 1.5 × 1.5 × 8 1.3 × 1.3 × 8

Aquired temporal res. [ms] 34 40 50 40 n/a n/a

Reconstructed time phases 20 20 30 25 n/a n/a

SENSE/GRAPPA factor 2 2 2 2 0 2

VENC [cm/s] 80–150 80–120 n/a n/a n/a n/a

Number of slices/heartbeat 1 1 n/a n/a n/a n/a

Slice gap [mm] 0 0 0 0 0 1.6

Slice thickness [mm] 10 8 8 8 8 8

LGE late gadolinium enhancement, SENSE sensitivity encoding, GRAPPA generalized autocalibrating partial parallel acquisition, VENC velocity encoding
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Atherosclerosis in the large coronary vessels is not
more frequent in patients with SSc compared to con-
trols, but atherosclerosis in the arterioles is [23]. Re-
gional ischemia caused by epicardial atherosclerosis is
possible to detect with CMR first pass perfusion or
single-photon emission computed tomography (SPECT)
[12, 24]. However, to detect diffuse global microvascular
impairment requires different techniques. Positron emis-
sion tomography can quantify MP and detect micro-
vascular disease but is associated with radiation
exposure from the radioactive tracers used. To overcome
these limitations, coronary sinus flow (CSF) measure-
ments by cardiovascular magnetic resonance (CMR) was

used in this study to offer precise quantification of MP
without ionizing radiation [14, 15, 17].
A sub-group of patients with specific concern would

be those with both microvascular and epicardial disease
where the epicardial involvement needs intervention.
Therefore, once microvascular disease is detected, the
patients might be referred for adenosine-stress CMR or
adenosine-stress SPECT to confirm or exclude localized
ischemia as a sign of epicardial disease. Recently, a fully
quantitative MR first-pass perfusion sequence was devel-
oped that can detect both epicardial coronary as well as
microvascular disease [25]. Patients who reveal signifi-
cant localized subendocardial hypoperfusion within a

Table 2 Patient characteristics

Controls SSc patients P

Age [years] 62 ± 11 61 ± 10 0.824

Sex [n] female 10 17

male 12 2

BMI [kg/m2] 25 ± 3 26 ± 5 0.714

LVM/BSA [g/m2] 58 ± 11 54 ± 12 0.089

EDV/BSA [ml/m2] 84 ± 12 76 ± 12 0.036*

ESV/BSA [ml] 32 ± 8 27 ± 7 0.069

CI [l/min/m2] 3.2 ± 0.4 3.6 ± 0.6 0.014

Skin involvement [n] diffuse 7

limited 12

Disease duration [years] 10 ± 6

Antibody [n] ANA 6

ACA 5

ARA 5

ATA 6

PAH [n] 1

VC % expected 96 ± 12

DLCO % expected 80 ± 19

VC % predicted / DLCO % predicted 1.3 ± 0.3

Uric acid [μmol/L] 262 ± 59

Telangiectasias [n] 14

Pitting scars [n] 5

Nailfold capillary density [loops/mm] 5.0 ± 1.3

Skin score < 10 [n] 18

Skin score 10–20 [n] 1

Skin score > 20 [n] 1

Nifedipine [n] 12

ERA [n] 2

PDE5I [n] 5

Continues variables are presented as mean ± SD. * P < 0.05
BSA body surface area, BMI Body mass index, LVM left ventricular mass, LV EDV left ventricular end diastolic volume, LV ESV left ventricular end systolic volume, CI
cardiac index, PAH pulmonary arterial hypertension, VC vital capacity, DLCO diffusing capacity of the lung for carbon monoxide, ANA anti nuclear antibodies other
than ACA, ARA or ATA, ACA anti centromeric antibodies, ARA anti RNA polymerase III antibodies, ATA anti topoisomerase I antibodies, ERA endothelin receptor
antagonist, PDE5I phosphodiesterase type 5 inhibitor

Gyllenhammar et al. BMC Cardiovascular Disorders  (2018) 18:16 Page 4 of 8



coronary artery supply area, should be considered for
coronary angiography.
In 1985, Kahan et al. showed that the coronary flow

reserve in patients with diffuse cutaneous SSc is signifi-
cantly reduced during dipyridamole induced stress using
invasive measurements during catheterization. Our re-
sults are in agreement with this work and also show that
the coronary flow reserve (CFR) is reduced in patients
with the limited cutaneous form [26]. This is in line with
Montisci et al. who showed decreased coronary flow re-
serve measured in the left anterior descending coronary
artery using transthoracic Doppler in both limited and
diffuse cutaneous SSc [27]. These results were confirmed
by Vacca et al. who performed myocardial multi-
detector computed tomography to rule out the influence

of possible epicardial stenosis [28]. However, unlike
CMR, echocardiography lacks the possibility to quantify
perfusion which means that a patient with a balanced
decrease of rest and stress MP could present with nor-
mal coronary flow reserve. The possibility to quantify
global MP in absolute numbers at both rest and stress
overcomes the limitations of relative measurements of
perfusion reserve. This gives extended information when
analyzing perfusion abnormalities.
In our study there was no difference in global MP at

rest between SSc patients and the control group. This
may indicate that there are no MP abnormalities at rest.
In our study the majority of SSc patients were treated
with calcium channel blockers. The observation of equal
MP at rest in SSc patients and controls may hypothetic-
ally be a treatment effect of calcium channel blockers in-
creasing MP at rest from a decreased level to normal. In
a study by Vignaux et al. [29], segmental perfusion de-
fects at rest that did not correspond to any specific epi-
cardial coronary distribution area demonstrated using
first-pass perfusion. The perfusion defects in these seg-
ments where improved after two weeks of calcium-
channel blocker treatment suggesting a microvascular
cause of the MP abnormalities in these patients.
Primary cardiac involvement in SSc patients has high

clinical importance, and it has even been suggested that
primary cardiac involvement as a cause of death is
underestimated because it is obscured by the secondary
cardiac changes due to pulmonary hypertension [5, 30,
31]. SSc patients with perfusion defects visible on
SPECT possess a high risk of developing symptomatic
heart disease or death of any cause compared to patients
with few or no segments with perfusion defects on

Fig. 3 Global myocardial perfusion at rest and during adenosine stress for patients with SSc and healthy volunteers. Note the statistically
significant difference in myocardial perfusion during stress. The error bars show mean ± SD

Table 3 Hemodynamic response during adenosine vs. rest

Controls SSc patients P

Rest

HR [bpm] 65 ± 10 73 ± 11 0.026*

Systolic BP [mmHg] 124 ± 13 127 ± 20 0.78

Diastolic BP [mmHg] 73 ± 9 71 ± 13 0.55

MP [ml/min/g] 1.1 ± 0.3† 1.1 ± 0.5 0.85

Adenosine stress

HR [bpm] 85 ± 15 93 ± 13 0.05

Systolic BP [mmHg] 124 ± 17 124 ± 19 0.70

Diastolic BP [mmHg] 70 ± 11 65 ± 10 0.23

MP [ml/min/g] 4.2 ± 1.3 3.1 ± 0.9 0.008*

CFR 4.3 ± 1.1† 3.5 ± 1.9 0.09

Variables are presented as mean ± SD. * P < 0.05. † N = 18
HR heart rate, BP blood pressure, MP myocardial perfusion, CFR coronary sinus
flow reserve (MP stress / MP rest)
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SPECT [32]. As demonstrated in our study, CSF mea-
surements using CMR is a sensitive method not only
capable of detecting relative perfusion between rest and
stress, but also of quantifying it in these two physio-
logical states. Future studies should be considered to
evaluate the clinical significance of such practice.
We found fibrosis in the right ventricle insertion

points in three out of the nineteen investigated patients.
We believe that this fibrosis is more likely a result of
mechanical stress from a pre-clinical hypertensive pul-
monary circulation, than an effect of local microvascular
dysfunction since the MP at stress was at level with the
other patients within the SSc group (stress MP = 3.6, 3.8
and 2.5 ml/min/g). To find out if microvascular function
might be the cause of fibrosis in the insertion points, the
study design would require the demonstration of local-
ized hypoperfusion in the insertions points before the
appearance of fibrosis.
A proposed chain of histopathological changes in

which microvascular dysfunction causes fibrotic replace-
ment throughout the body is referred to as “the loss of
angiogenesis” [33]. Endothelial cell injury triggers down-
stream capillary enlargement leading to microhemor-
rhages. The pro-angiogenic system attempt to repair the
vessels but fibrotic changes becomes prominent over
time [33]. Furthermore, this hypothesis is supported by a
recent murine model study showing prominent fibrotic
changes in the small and medium sized vessels through
a potent self-driving autocrine loop with transforming
growth factor-β [34]. It has been suggested that micro-
vascular impairment characterized by repeated focal is-
chemia lead to myocardial fibrosis in SSc patients [35,
36]. In a recent study by Barison et al., [37] myocardial
extracellular volume (ECV) was shown to be increased
in SSc patients without heart failure. The increased ECV
was present even in patients with no myocardial fibrosis
on late gadolinium enhancement (LGE) images. This
supports the hypothesis that microvascular dysfunction
precede other pathophysiological changes of the myocar-
dium in SSc patients.Both peripheral microvascular re-
modeling, i.e. decreased capillary density [38], and uric
acid levels [39] correlate with disease severity. In our
study, however, neither nailfold capillary density nor uric
acid levels correlated with disease severity (Table 2).

Limitations
Though the prognostic value of global MP would be of
great interest, it’s not accessible from this cross-sectional
study. We did not perform first-pass perfusion imaging
in this study. The combination of first-pass perfusion
and coronary sinus flow (CSF) measurements could be
of high interest to examine if decreased global MP (MP)
is present in the absence of segmental perfusion defects.

Due to low number of males in the SSc group, gender
stratification was not possible.
Our study did not investigate if environmental factors

correlates with microvascular dysfunction in SSc. Recent
studies support the hypothesis that the epigenetic influ-
ence from environmental factors such as silica dust, drugs
or infectious agents, may be important risk factors for SSc
[40, 41]. Furthermore, the limited size of this study does
not enable sufficient power for correlation analyses be-
tween MP and the clinical features of the patients.

Conclusions
Patients with systemic sclerosis have lower global myo-
cardial perfusion during adenosine stress compared to
healthy controls. Thus, hypoperfusion at stress may be a
sensitive marker of cardiac disease in patients with sys-
temic sclerosis and may signify microvascular disease.
Therefore, systemic sclerosis patients in which cardiac

microvascular dysfunction is suspected may be considered
for CMR. However, studies showing the prognostic impact
of hypoperfusion in these patients and the effect of thera-
peutic regimes on myocardial perfusion are needed.
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