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Abstract
Background

Raynaud’s phenomenon is often the first symptom and occurs eventually in more than 95% of
patients with systemic sclerosis (SSc). Angiographic studies disclose narrowing and obstruction of
the digital arteries, which on autopsy histologic study show prominent subintimal connective tissue
proliferation without inflammation, as well as adventitial fibrosis. It is also known that primary car-
diac problems include pericarditis, left ventricular or biventricular failure, serious supraventricular

or ventricular arrhythmias emerge in patients with SSc. It is not known if these patients present
hypertension or hypotension and which parameter of the ambulatory blood pressure may influence

such a disease course.

Methods
A total of 85 subjects underwent clinical blood pressure (BP) readings, 24-hour ambulatory BP
monitoring, left ventricular assessment by echocardiography and measurement of intima media

thickness (IMT) of the right-left internal carotid arteries (RICA and LICA) and right-left common
carotid arteries (RCCA and LCCA). The population consisted of 40 subjects with SSc according to

the criteria of the American College of Reumatology (SCL-group) who were not receiving any 
antihypertensive treatment and 45 healthy volunteers (control group). The two groups did not differ

in age.

Results
Clinical systolic and diastolic blood pressure, clinical heart rate, mean 24h systolic blood pressure,

SD systolic blood pressure, mean 24h diastolic blood pressure, SD 24h diastolic blood pressure,
mean 24h heart rate, SD 24h heart rate, pulse pressure 24h, serum glucose, cholesterol,

triglycerides, HDL, LDL, creatinine, urea, potassium and natrium did not statistically significant 
differ between the two groups. Furthermore, the left ventricular mass/BSA and IMT of both carotid 

arteries did not show a statistically significant difference between the groups.

Conclusion
Systemic sclerosis is not associated with clinical blood pressure or the parameter of 24h blood 

pressure monitoring. 
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Introduction
R ay n a u d ’s phenomenon is defined as
episodic triphasic color ch a n ges (pallor,
cya n o s i s , e rythema) occurring in re -
sponse to env i ronmental cold and/or
emotional stress. The prevalence of
R ay n a u d ’s phenomenon in the ge n e ra l
p o p u l ation is not pre c i s e ly known bu t
m ay be as high as 10-20%. Ray n a u d ’s
phenomenon is often the fi rst symptom
and occurs eve n t u a l ly in more than 95%
of patients with systematic scl e ro s i s
(SSc). A n gi ographic autopsy studies
d i s close narrowing and obstruction of
the digital art e ri e s , wh i ch on histologi c
s t u dy show prominent subintimal con-
n e c t ive tissue pro l i fe ration without in-
fl a m m at i o n , as well as adventitial fi b ro-
sis. The fi b rotic art e ri o s cl e rotic ch a n ge s
of the small art e ry and art e riole are
o m n i p resent in the internal organs of
p atients with SSc. Myo c a rdial invo l ve-
ment is present at autopsy in the majori-
ty of patients and is a principal determ i-
nant of surv ival in systemic scl e rosis (1-
6). Electro c a rd i ographic ab n o rm a l i t i e s
i n cluding artial fi b ri l l ation and ve n t ri c u-
lar arr hythmias have been confi rmed by
a m bu l at o ry ech o c a rd i ographic studies
(7-14). Increased art e rial stiffness has
also been demonstrated in systemic
s cl e rosis patients (15). Sudden onset of
a c c e l e rated hy p e rt e n s i o n , rap i d ly pro-
gre s s ive renal insuffi c i e n cy, m i c ro a n gi o-
p athic hemoly s i s , and thro m b o cy t o p e-
nia in the setting of hy p e r- re n i n e m i a
constitutes the syndrome of “ s cl e ro d e r-
ma renal cri s i s ” (16-18). 
The aim of the present study was to
estimate the presence of hypertension
(possible dysregulation of vessel tone
or distal vasoconstriction) or hypoten-
sion (possible dy s reg u l ation of the
autonomic nervous system) in patients
with systemic sclerosis. We also sought
to determine which parameter of ambu-
latory blood pressure monitoring may
be influenced in such patients with
a rt e ri o s cl e rotic ch a n ges of the small
artery and arteriole. We investigated the
left ventricular structure and the intima
media thickness of both carotid arteries
of these patients.

Subjects and methods
Subjects
The study population consisted of 40

subjects with systemic sclerosis accor-
ding to the cri t e ria of the A m e ri c a n
College of Reumatology. Patients did
not receive any anti-hypertensive treat-
ment or treatment withdrawals at least
t wo week befo re ambu l at o ry bl o o d
pressure monitoring. The control group
consisted of 45 healthy volunteers. The
two groups did not differ in age. All
p atients had granted their info rm e d
consent to participate in the study. All
subjects underwent 24-hour ambulato-
ry BP monitori n g, left ve n t ri c u l a r
assessment by ech o c a rd i ograp hy and
m e a s u rement of intima media thick-
ness (IMT) of the carotid arteries. The
two groups did not differ in age, sex,
and serum glucose or cholesterol lev-
els. 

Clinical blood pressure measurements
Blood pressure was measured 3 times
using a merc u ry sphy g m o m a n o m e t e r
(standard cuff applied around the non-
dominant arm and systolic and dias-
tolic values identified from the first and
fifth phase of Korotkoff sounds). Dur-
ing the measurements the participant
remained seated with the arm comfort-
ably placed at the heart level. The same
doctor obtained all the sphygmomano-
metric measurements.

Ambulatory BP monitoring
All subjects underwent 24h ABPM on
a usual working day (19:00 – 20:00).
They were instructed to act and work as
normal. The Spacelabs 90217 ambula-
tory BP monitor (Spacelabs Inc., Red-
mond, Wash.) was used. The cuff was
placed around the non-dominant arm
and 3 BP determinations were made,
along with sphygmomanometric mea-
surements to verify that the average of
the two sets of values did not differ by
m o re than 5 mmHg. Readings we re
obtained automat i c a l ly at 15-minu t e
intervals throughout the 24h study peri-
od. All subjects included in the study
had at least 3 valid readings per hour.
The resulting 80 to 96 pairs of systolic
and diastolic BP readings per record-
i n g, t ogether with the corre s p o n d i n g
time of measurement, were used to cal-
culate the BP derivatives. All subjects
were instructed to rest or sleep between
22:00 and 06:00 and to maintain their
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usual activities between 06:00 and
22:00. 

Ultrasound measurements
All participants were examined in the
supine position with the head slightly
e l evat e d. The scans we re perfo rm e d
with a high resolution Ultra s o u n d -
Doppler system (Acuson 128 XP,
Mountain View, Calif.) using a 7 MHz
linear transducer. Both carotid arteries
were scanned longitudinally to visual-
ize the intima-medial complex in the
far wall of the artery. The best images
of the far wall that could be obtained
were used to determine the common
and internal artery IMTs. The reading
and analysis of the data were carried
out as previously described (21). 
M e a s u rements we re made on fro ze n
images, magnified to standard size, on-
line. The IMT value was defined as the
mean of the right and left IMT-CCA or
IMT-ICA, calculated from 10 measure-
ments on each side, taken within 10
mm proximal to the carotid bifurcation.
The lumen/intima leading edge (I line)
to media/adventitia leading edge (M
line) method was used. MICA was cal-
culated as (RICA+LICA)/2 and MCCA
was calculated as (RCCA+LCCA)/2
(21).

Echocardiography
All subjects underwent standard two-
dimensional M-mode echocardiograms
using a 3.5-MHz imaging transducer.
Left ve n t ri cle dimensions we re mea-
sured using the guidelines of the Amer-
ican Society of Echocardiography (22).
The left ventricular mass was calculat-
ed according to an anatomically vali-
dated formula (23).

Statistical analysis
The SPSS (SPSS Inc., Chicago, IL.)
statistical package was used to analyze
the data. Standard descriptive statistics
and the two-tailed Student’s t-test were
used. P < 0.05 was considered statisti-
cally significant.

Results
The relevant data is listed in Tables I
and II. The mean clinical systolic blood
pressure, mean clinical diastolic blood
pressure, and mean clinical heart rate

did not differ between the two groups.
Furthermore, parameters of ambulatory
blood pressure monitoring (mean 24h
systolic blood pressure, SD of 24h sys-
tolic blood pressure, mean 24h dias-
tolic blood pressure, SD of 24h dias-
tolic blood pressure, mean 24h heart
rate, SD of 24h heart rate, 24h pulse
p re s s u re) did not stat i s t i c a l ly diffe r. Th e
haematocrit was significantly lower in
patients with scleroderma but the white
blood cell and platelet counts did not
differ from the controls. Also the serum
ch o l e s t e rol leve l , or HDL, LDL and
t ri g ly c e ride levels did not diffe r, n o r
did the creatinine, urea, potassium and

n at rium levels. The left ve n t ri c u l a r
mass normalized for body surface area
and mean IMT of the common and
internal carotid arteries did not differ
between groups.
In order to obtain the nocturnal fall in
systolic BP as a continue parameter we
calculated the difference between the
mean daytime minus night-time sys-
tolic blood pressure. The mean fall in
nocturnal systolic BP for the control
group was 11.03 ± 6.41 and for SSc
patients it was 10.18 ± 6.86. The differ-
ence in nocturnal systolic BP fall be-
tween the two groups was not statisti-
cally significant (24).

Table I. Parameters of ambulatory blood pressure monitoring.

Control Scleroderma

Mean SD Mean SD P

CSBP (mmHg) 119.22 10.71 122.75 23.20 N.S.
CDBP (mmHg) 78.88 8.11 79.12 12.50 N.S.
Clinical heart rate (beats/min) 74.66 8.90 78.56 9.97 N.S.
SBP24 (mmHg) 110.35 8.66 111.89 14.27 N.S.
SD SBP24(mmHg) 12.48 2.67 12.84 3.69 N.S.
DBP24 (mmHg) 68.46 6.61 68.82 7.61 N.S.
SD DBP24(mmHg) 11.15 2.29 10.36 2.59 N.S.
HR24 (beats/min) 72.98 7.97 76.28 8.05 N.S.
SD HR24 12.46 3.75 12.37 2.55 N.S.
PP24 (mmHg) 40.93 9.16 41.99 12.49 N.S.

CSBP: clinical systolic blood pressure; CDBP: clinical diastolic blood pressure; SBP24:mean 24-hour
systolic blood pressure; DBP24: mean 24-hour diastolic blood pressure; HR24: mean 24-hour heart
rate; PP24: 24-hour pulse pressure.

Table II. Biochemical and ultrasonography profile of the systemic sclerosis patients and
normal controls.

Control Scleroderma

Mean SD Mean SD P

Haematocrit (%) 41.18 4.82 36 3.78 0.001
White haemocyte (mm-3) 7059 1382 7041 2343 N.S.
Platelets (mm-3) 240555 47987 240214 90757 N.S.
Glucose (mg/dL) 97.77 17.29 116 62.98 N.S.
Cholesterol (mg/dL) 211.10 26.76 214.53 41.82 N.S.
Triglycerides (mg/dL) 94.55 39.22 111.13 53.94 N.S.
HDL (mg/dL) 55.96 12.35 51.23 14.21 N.S.
LDL (mg/dL) 132.34 28.87 143.07 37.13 N.S.
Creatinine (mg/dL) 0.87 0.10 0.79 0,12 N.S.
Urea (mg/dL) 35.91 7.79 30.16 9.59 N.S.
Potassium (mEq/L) 4.39 0.43 4.41 0.36 N.S.
Natrium (mEq/L) 140.85 2.23 141.76 2.94 N.S.
LVMASBSA (g/m2) 104.10 23.23 99.67 18.57 N.S.
MCCA 0.59 0.10 0.69 0.25 N.S.
MICA 0.59 0.12 0.59 0.15 N.S.

LVMASBSA:left ventricular mass/body surface area; MCCA:mean IMT of common carotid arteries;
MICA: mean IMT of internal carotid arteries.
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All subjects were classified into groups
by their nocturnal systolic blood pres-
sure fall (extreme-dippers had a ≥ 20%
nocturnal systolic BP fall; dippers had
a ≥ 10% but < 20% fall; non-dippers a
≥ 0% but <10% fall; and reverse-dip-
pers a < 0% fall) (24). No difference in
the dipping status was found between
controls and SSc patients.
We also examined any possible correla-
tion between the duration of the SSc
and blood pressure and cardiovascular
parameters. No correlation was found
between the disease duration and clini-
cal BP measurements, ambulatory BP
m e a s u re m e n t s , left ve n t ricular mass/
BSA or IMT of the carotid arteries. 
Systemic sclerosis patients were also
divided into two subgroups, those with
CREST syndrome (n = 15) and those
with diffuse systemic sclerosis (n =30).
No difference was found between clini-

cal BP measurements, ambulatory BP
m e a s u re m e n t s , left ve n t ricular mass/
BSA and IMT of the carotid art e ries be-
tween CREST syndrome patients and
those with diffuse systemic sclerosis. 

Discussion
We inve s t i gated the possible diffe r-
ences of clinical blood pressure, ambu-
latory blood pressure, ambulatory heart
rat e, left ve n t ricular mass index and
IMT of the carotid art e ries betwe e n
patients with scleroderma and healthy
volunteers. We found that SSc patients
did not show a statistically significant
difference in clinical blood pressure or
ambulatory blood pressure from con-
t rols. This finding is useful because
these patients need to take drugs with
peripheral vasodilatation that also have
a antihy p e rt e n s ive effect. The use of
those drugs may cause hypotension. Th e

drug should be chosen with care with
regard to the duration and the strength
of its action. The onset of hypertension
in SSc patients who did not pre s e n t
with hypertension before should lead
the clinician to investigate for a possi-
ble scleroderma renal crisis.
In most people, blood pressure displays
a characteristic diurnal pattern, with a
decline during sleep and a sharp in-
crease around the time of awakening.
The diurnal 24-hour circadian rhythm
i n cludes an early morning surge of
blood pressure (morning peak), a smal-
ler increase in blood pressure in the
afternoon (evening peak), and a noctur-
nal blood pre s s u re fall (25, 26). Our
two groups, the controls and the SSc
patients, both showed a normal 24-hour
circadian blood pressure rhythm (Fig.
2).  
It is interesting to note that our study

Fig 1. Mean 24-hour systolic and diastolic blood pressure; mean 24-hour heart rate and left ventricular mass normalized for body surface area between con-
trol subjects and patients with scleroderma.
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found no differences in the left ventric-
ular mass index between the two gro u p s .
Left ve n t ricular mass is an index of
total card i ovascular morbidity and
mortality. One could hypothesize that
in patients with a high incidence of atri-
al fi b ri l l ation and other arr hy t h m i a s ,
the left ventricle could be influenced. It
seems that the damage may not involve
the myocardial tissue but the stimulus
system of their heart. Fibrosis of the
heart conduction system or dysfunction
of the autonomic nervous system may
possibly be involved (27).
We also found that the IMT of the
carotid arteries did not differ between
the two groups. Carotid IMT is a mark-
er of vessel endothelium atherosclero-
sis. It is influenced by factors that act in
the vessel wall such as cholesterol and
blood pressure. It seems that narrowing

and obstruction of the arteries, which
on autopsy histologic study show
prominent subintimal connective tissue
proliferation without inflammation, as
well as adventitial fi b rosis did not
involve the carotid arteries of these pa-
tients. It is possible that the medial and
large size arteries are not influenced.
In this study we investigated the 24h
ambulatory blood pressure, monitoring
the circadian and mean blood pressure
of untre ated patients with systemic
sclerosis. We found no differences in
blood pre s s u re between control pa-
tients and patients with scl e ro d e rm a .
More studies must be carried out in SSc
patients being treated with peripheral
vasodilatation drugs, including studies
of the circadian blood pressure rhythm
over the course of the year in those
patients.
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