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Abstract
Objective
Using digitized M-mode and Doppler echocardiography, we evaluated left ventricular (LV) functionin 54
patients (43 women and 11 men; mean age 50 years) suffering from active rheumatoid arthritis (RA) without
obvious cardiovascular disease, and compared them with 54 age- and sex-matched normal subjects.

Results
No differences were found in LV end-diastolic diameter, systolic function and parietal thickness between the
patients and controls. However, a significant reduction in various indexes of LV diastolic function was found,
including E/A (ratio of early to late filling waves of mitral inflow Doppler) and the peak lengthening rate of the
LV diameter (an index of LV relaxation evaluated by M-mode echocardiography). The former was correlated
with patient age and was independent of disease duration, while the latter was more markedly correlated with
disease duration than with patient age.

Conclusion
The relationship between diastolic impairment and disease duration in active RA may open new perspectivesin
the study of RA-associated cardiovascular disease.
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Introduction

Rheumatoid arthritis (RA) is achronic
inflammatory disease involving severa
organ systems. Cardiac involvement has
been well documented, and nodular
granulomas may be found in pericardial,
myocardia and endocardial tissue. These
aterations may be responsible for rheu-
matoid pericarditis, myocarditis and en-
docarditis, with fibrotic and sclerotic al-
terations of the cardiac valves that may
cause congestive heart failure and death.
Moreover, rheumatoid vasculitis may &f-
fect the coronary arteries (causing myo-
cardial ischemia and infarction) and the
pulmonary arteries (leading to severe
pulmonary hypertension and right heart
failure). These alterations may well be
responsible for the increased cardiovas-
cular mortality observed in patients with
RA (1), although cardiac involvement is
often reported as an autopsy finding in
otherwise asymptomatic patients (2).
Overt heart failure and systolic dysfunc-
tion are often preceded by alterationsin
left ventricular diastolic function, which
may be clinically silent for years or even
decades. This underscores the impor-
tance of identifying early signs of car-
diac involvement in multi-system dis-
eases that may involve the heart. Indeed,
several studies have recently reported al-
terationsin left ventricular (LV) diastalic
function in RA (3-5). Since some LV
diastolic function parameters can be pro-
foundly influenced by age (6, 7), aswdll
as by the presence of hypertension (8),

hypertrophic cardiomyopathy, infiltra-
tive cardiomyopathy and ischemic heart
disease (9), these factors should be con-
sidered when evaluating the possibility
that the observed dterationsin LV dia
stolic function are due to RA.

The aim of the present study was there-
foreto evaluate LV diastolic functionin
patients affected by active RA without
any evidence of hypertension or under-
lying cardiac disease by digitized M-
mode and Doppler echocardiography,
two diagnostic methods that should be
considered as complementary rather than
interchangeable since they focus on dif-
ferent aspects of LV diastolic function
(10,11).

Patients and methods

Fifty-four consecutive patients with ac-
tive RA who were referred to a rheum-
atolgy out-patient clinic were admitted
to the study. All of them fulfilled the
1987 revised criteria of the American
College of Rheumatology for RA (12).
The disease was considered to be active
if the patient had at |east two of the fol-
lowing features: (i) 6 or more tender
joints; (ii) 3 or more swollen joints (68
joints were examined for tenderness and
66 joints were examined for swelling);
(i) morning stiffness lasting more than
45 minutes; and (iv) erythrocyte sedi-
mentation rate (ESR) (Westergren) high-
er than 25 mm.

The main clinical datafor our patients
are reported in Table |. Patients with

Tablel. Main clinical features of the RA patients studied for left ventricular diastolic function.
Blood pressure and heart rate values were comparable with those of 54 age- and sex-matched

healthy control subjects.

Variable RA patients Controls
No. of cases 54 54
Males/females 11/43 11/43
Mean age 50.3+14.1 50.1+13.9
Mean systolic blood pressure 128 + 13.5 124+ 139
Mean diastolic blood pressure 78+6.9 77+6.8
Mean heart rate 74+73 76+7.3
Mean disease duration (years) 59+6 —
Mean ESR 53+ 19 —

RF positive 41 (76%) —
Treated with prednisone (£ 5 mg/day) 27 (50%) —
Treated with second-line drugs* (%) 48 (88%) —

* Gold salts, hydroxychloroquine, methotrexate, sulphasalazine.

408



Diastolic function in RA / C. Montecucco €t al.

hypertension, diabetes mellitus and clin-
ical, radiological, electrocardiographic
or echocardiographic evidence of cardiac
disease (such as congestive heart failure,
ischemic heart disease, idiopathic or sec-
ondary cardiomyopathy, pericarditis or
valvular heart disease) were excluded
from the study. The patient evaluation
included a complete history and physi-
cal examination and all participants un-
derwent routine laboratory investiga-
tions. Each patient had complete M-
mode and Doppler echocardiographic
examinations performed using a Hewlett
Packard Sonos 1000 and a 2.5 MHz
transducer.

Fifty-four age- and sex-matched normal
subjects, free of signs and symptoms of
cardiovascular disease, were chosen as
acontrol group.

M-mode echocardiography
LV M-mode echocardiograms were re-
corded (paper speed 50 mm/sec) under
two-dimensional control, with asimul-
taneous electrocardiogram, and were
subsequently digitized, following the
method of Gibson and Brown (13) as
previously described (14). The follow-
ing parameters were evaluated for each
patient:

- LV end-diastolic diameter;

- LV mass using the method of
Devereux-Reichek (15);

- Peak systalic shortening rate of the
LV diameter, i.e. the peak rate of
change of the LV dimensionin
systole, normalized by the instan-
taneous systolic dimension;

- Peak diastolic lengthening rate of
LV diameter, i.e. the peak rate of
change of the LV dimensionin
diastole normalized by the instanta-
neous diastolic dimension (+dD/
dt).

All echocardiograms were blindly evalu-

ated by a single expert technician who

digitalized 5 consecutive cardiac cycles
for each echocardiogram. Care was taken
to optimize thisanalysis, following pre-

vioudy suggested recommendations (16)

Doppler echocardiography

Standard Doppler examination of LV fill-
ing was performed to obtain the trans-
mitral flow profile with subjectsin the
lateral decubitus position. Doppler trac-

ings were obtained in the apical four-
chamber view and peak transmitral flow
velocities were recorded in the pulsed
mode with the sample volume placed
level within the tips of the fully open
lesflets. Diagtolic function was measured
by the peak velocity of early ventricular
inflow (E), peak velocity in late diastole
during atrial systole (A) and the ratio of
these velocities (E/A) which is usually
> 1inyoung normal subjects.

Satistical analysis

Statistical evaluation of the results was
carried out using the t-test for independ-
ent values, Pearson’s linear correlation
and logarithmic regression. Linear mul-
tiple regression was used to detect those
parameters that were significantly and
independently associated with the +dD/
dt and E/A values (17).

Results

In our RA patients, both the LV diastolic
diameter and LV systolic function (as
measured by the peak shortening rate)
were similar to those measured in the
control group. No difference was ob-
sarvedintheLV massor in the heart rate
between the two groups.

The Doppler E/A ratio (the ratio of the
early to late filling waves of mitral in-
flow Doppler) wasreducedto < 1in 21
patients and in 14 controls. According
to linear multiple regression analysis,
only the patient age was significantly
associated with E/A in our patients, while
the LV mass, disease duration and arter-
ia blood pressure were not relevant (Ta
blell). Asreported in Figure 1, the E/A
ratio decreased with age in both RA pa-
tients and in age-matched controls; how-
ever, RA patients had significantly lower
values than control subjects (1.1 + 0.34
vs 1.32 + 0.43; p = 0.003).

Peak lengthening rate

The peak lengthening rate of the LV di-
ameter (+ dD/dt) was significantly |ower
in RA patients than in controls (4.6 +
1.59vs5.7+ 1.15 p < 0.0001) and 17
patients had values < 3.4/sec, i.e. the
mean - 2 SD of normal controls. Step-
wise multiple regression analysis show-
ed that both age and disease duration
were significantly and independently
associated with +dD/dt. Disease duration
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proved to be more relevant than age,
while LV mass and arterial blood pres-
sure were not relevant (Table ). The
distribution of +dD/dt values with re-
spect to disease duration is shown in Fig-
ure 2.

E/A and +dD/dt were dlightly correlated
to each other (p = 0.04), while no sig-
nificant correlation emerged between
diastolic function and the corticosteroid
treatment or treatment with second line
drugs.

Discussion

Impaired diastolic function is often a
clinically silent alteration preceding sys-
tolic dysfunction. Echocardiography is
arelatively ssmple technique that allows
anon-invasive evaluation of LV diastolic
function and the presence of aterations
in LV diastolic function has been re-
ported in RA patients by several authors
(3-5). However, the clinical relevance of
diastolic dysfunction and its possible
relationship to disease activity, disease
duration or concurrent underlying heart
diseases has not been yet clarified.

We investigated a group of carefully se-
lected patients with active RA but no
evidence of concomitant cardiovascular
diseases. |n spite of normal LV systolic
function and normal LV mass, we found

Tablell. Linear multiple regression for the
dependent variable E/A (r = 0.73; r2 = 0.53).

Standard
Parameter Beta error p-level
Age -0.746  0.098  0.000000
Disease duration -0.051  0.096 0.6
LV mass 0.077  0.096 0.4
Blood pressure  0.038  0.097 0.8
Intercept 0.000000

Tablelll. Linear multiple regression for the
dependent variable +dD/dt (r = 0.60; r2=
0.36).

Standard
Parameter Beta  error p-level
Age -0.409 0.114  0.0008
Diseaseduration  -0.526 0.113  0.00002
LV mass 0.096 0.112 04
Blood pressure 0.055 0.112 0.7
Intercept 0.000000
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Pat=1,962-0,017*x; Contr=2.227-0.018*x
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Fig. 1. Linear correlation between age and E/A ratio in 54 RA patients (lower line) and in 54 age- and

sex- matched control subjects (upper line).
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Fig. 2. Correlation between peak lengthening rate of left ventricular diameter (+dD/dt) and disease
duration in 54 patients with active rheumatoid arthritis.

several dterationsin LV diastolic func-
tion, with areduction in the LV diam-
eter peak lengthening rate (observed by
digitized M-mode echocardiography)
together with areduction in the early fill-
ing wave of mitral inflow (by Doppler
evaluation of mitral inflow). Besides
confirming previous observations ob-
tained by either Doppler (4) or M-mode
echocardiography (3, 5), it isimportant
to underscore that the simultaneous use
of Doppler and digitized M-mode echo-
cardiography in selected patients with-
out the possible interference of underly-
ing cardiac diseases may be able to add

important information to our current
knowledge of cardiac involvement in
active RA.

It has to be pointed out that the Doppler
evaluation of mitra inflow and M-mode
echocardiography investigate different
aspects of LV diastolic function (10).
Although the E/A ratio may be viewed
asasimplistic and raw parameter in the
analysis of diastalic function, thereislit-
tle doubt that its alteration in patients
matched for heart rate, age, sex, systalic
function, LV mass and blood pressure
may reveal possible signs of diastolic
dysfunction (18). The well-known influ-
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ence of age on the E/A ratio was con-
firmed by our results in both groups, al-
though the inversion of the E/A ratio was
observed at ayounger agein the RA pa
tients with respect to the control subjects,
afinding which suggest the possibility
of an earlier deterioration of diastolic
function in active RA. A prospective stu-
dy using amore complete Doppler echo-
cardiographic analysisis now being car-
ried out in our RA patients.

At variance with the E/A ratio, the other
parameter of diastolic function, i.e. the
peak lengthening rate of the LV diam-
eter as measured by M-mode echocardio-
graphy (+dD/dt), was influenced not
only by age, but also by disease dura-
tion. Thisfurther indicates that RA may
accel erate the age-rel ated progression of
diastolic dysfunction. Indeed, +dD/dt
was more markedly influenced by dis-
ease duration than by age.

Some controversy exists regarding the
patient-to-patient variability of M-mode
digitized echocardiography. However,
when the analysisis optimized, asit was
in this study, it represents a val uable tool
to study diastolic and systolic function
both in experimental models (19) and
different clinical settings (20, 21).

To the best of our knowledge, ours con-
stitutes the first report of a correlation
between cardiac diastolic impairment
and disease duration in RA. Two previ-
ous studies failed to find such a correla-
tion. Inthefirst, Roweet al. (3) studied
22 RA patients with a mean disease du-
ration of 13 years. This may be signifi-
cant, since all our patients with RA last-
ing more than 6 years had low values
(Fig. 2). In the second study, by Musto-
nen et al. (5), the lack of correlation be-
tween impaired diastolic function and
disease duration could have been dueto
the small size of the sample (only 12
mal e patients were studied) and to the
inclusion of patients with inactive dis-
ease (mean ESR 16 + 3).

We still do not know the cause of dia-
stolic impairment in RA patients. Ne-
cropsy studies occasionally reveal non-
specific myocarditis (22), secondary
amyloidosis (3, 5), rheumatoid granulo-
mas within the heart (23) or vessel vas-
culitis (5, 24). Vavular disease israrely
detected in RA, whileit is more frequent
in systemic lupus erythematosus (25,
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26). However, these events can not ex-
plain the very high frequency of diastolic
impairment in RA patients and the pres-
ence of a similar impairment in other
rheumatic diseases such as psoriasic ar-
thritis and ankylosing spondylitis (3).
Regarding the possihility of secondary
amyloidosis, four of our patientswith an
abnormal peak lengthening rate of the
LV diameter were further studied by
means of Congo red staining of the per-
iumbilical subcutaneous fat and in no
cases were amyloid deposits found (data
not shown).

Important factors underlying diastolic
dysfunction are hypertensionand LV hy-
pertrophy (8). In our patient series the
diastolic dysfunction could not be ex-
plained by LV mass differences since we
selected patients with no evidence of hy-
pertension and whose LV mass was com-
parable to that of the control group.
Myocardia fibrosis has been detected at
autopsy in RA, aswell asin ankylosing
spondylitis and systemic sclerosis, which
are rheumatic conditions sharing with
RA ahigh frequency of asymptomatic
impairment of LV diastolic function (3,
27, 28). Inflammatory cytokines play an
important role in the pathogenesis of RA
and contribute to mediate not only local
events but also the systemic acute phase
response (29). Therefore, one can specu-
|ate that chronic cytokine release may
lead to the deposition of connectivetis-
sue in the myocardium. Recent studies
have suggested that inflammatory cyto-
kines contribute to the devel opment of
atherosclerosis (30) as they can induce
coronary intimal lesions and vasospas-
tic responsesin pigs’ coronary arteries
invivo (31). Moreover, serum levels of
al inflammatory cytokines were mark-
edly higher in patients with atheroscle-
rosis obliterans as compared with heal -
thy subjects (32). This could contribute
to explain the presence of adirect corre-
lation between disease duration and
echocardiographic abnormalitiesin our
patients with active disease. Thisfact is
of particular clinical interest as RA pa-
tients seem to suffer premature senes-
cence with elevated mortdity rates main-
ly due to cardiovascular diseases (1, 33,
34).

In conclusion, our study indicates a di-
rect relationship between some of the

parameters of LV diastolic function and
disease duration in patients with active
RA. Itisimportant to carefully evaluate
diastolic function in such patients, look-
ing for early modifications that may rep-
resent markers of cardiac involvement
in this multi-system disease. Further pro-
spective studies are needed to ascertain
the prognostic relevance of diastolic dys-
function and to evaluate therole of dis-
ease control on the development of such
abnormalities.
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