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ABSTRACTABSTRACTABSTRACTABSTRACTABSTRACT
Background and Aims: Recognizing the paucity of data regarding echocardiographic studies of Left ventricular

(LV) systolic and diastolic function in patients with juvenile rheumatoid arthritis (JRA), a study was carried out

to study these parameters in these subjects.

Settings, Design and Methods: Thirty-five patients with JRA and an equal number of age- and sex-matched

controls were studied by two-dimensional and Doppler echocardiography.

Results: Patients with JRA had higher systolic and diastolic blood pressures, resting heart rates, LV systolic

(26.9±4.3 vs. 22.4 ± 4.1 mm, p=0.001) and diastolic size (42.3±4.6 vs. 35.4±3.8 mm, p<0.001) and

volumes. Though ejection fraction (EF) and fractional shortening (FS) were normal, they were lower in those

with JRA as compared to controls (EF: 62.9±4.47 vs. 67.5±3.63 %, p<0.001; FS: 36.4±4.5 vs. 38.5 ±

6.87, p=0.2). On Doppler analysis the JRA group had lower peak E velocity, higher peak A velocity, higher A

VTI and more prolonged IVRT. Male patients had higher A VTI and IVRT as compared to females. Those with

longer duration of disease had larger LV systolic (r=0.517, p=0.01) and diastolic dimension (r=0.40, p=0.05)

and lower FS (r=-0.506, p=0.01). Patients with polyarticular JRA had higher E and A VTI as compared to

those with systemic or oligoarticular types.

Conclusion: Despite an asymptomatic cardiac status, significant systolic and diastolic functional abnormalities

exist in patients with JRA. The duration of the disease, mode of presentation, patient’s age and gender have

a significant impact on the left ventricular systolic and diastolic functions in patients with JRA.
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uvenile rheumatoid arthritis (JRA) is the commonest
cause of chronic inflammatory arthritis in childhood.

Cardiac (pericardial, myocardial or endocardial) involvement
is known to occur in patients with JRA, as it does in adults
with rheumatoid arthritis (RA). Though pericarditis is identi-
fiable in nearly 45% cases at autopsy, clinical manifestations of
pericardial involvement are much less commonly observed.1

Endocardial involvement leads to aortic and mitral valve in-
competence, and usually occurs in late onset oligoarthritis type
of JRA. Clinical manifestations are usually mild and surgery is
rarely required.2 Myocardial involvement may present as con-
gestive heart failure or arrhythmias. Though systolic and
diastolic functions of the left ventricle (LV) have been fre-
quently studied in adults with RA, similar data on JRA is
scarce.3,4 Moreover, no previous study has attempted to corre-
late whether variables like duration of disease, mode of pres-
entation, age and gender of patients have any effect on LV
systolic and diastolic function in patients with JRA.

The aim of the study was to undertake a detailed analysis of
LV systolic and diastolic functions in patients with JRA and
analyse the effect of patient-related variables on these func-
tional parameters.
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J Materials and Methods

 Thirty-five children with JRA (American College of Rheumatology
criteria) 5 seen in the department of Clinical Immunology outpatient
clinic between January 2001 and January 2002 were included in the
study after obtaining verbal informed consent from parents or eligi-
ble and competent adult patients. The control group consisted of
children presenting to the paediatric outpatient department and in-
cluded 35 age- and sex- matched healthy controls.

All patients underwent a detailed echocardiography, which included
an M-mode, two dimensional, colour and Doppler (continuous and
pulse wave) examination. Images were obtained on a Hewlett-Packard
Sonos 5500 with a 4 MH transducer. Recordings were performed with
subjects in the supine or left lateral positions. M-mode tracings were
obtained at the level of tips of mitral leaflets in parasternal long axis
position and measurements of left ventricular end-systolic dimen-
sion (LVESD), LV end-diastolic dimension (LVEDD) were performed
according to the recommendations of the American Society of
Echocardiography.6 The left ventricular end-diastolic and end-systolic
volumes (LVEDV, LVESV) were calculated from the apical four-cham-
ber view, using the ellipsoid single plane algorithm. The end-systolic
and end-diastolic frames from five consecutive beats were selected
and the endocardial outlines were traced. Mean left ventricular vol-
umes and ejection fraction were automatically calculated using an
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in-built software in the echocardiography system. Cardiac output was
measured by multiplying heart rate with stroke volume.

 LV diastolic function was assessed by measuring the mitral flow ve-
locity recorded in the apical four-chamber view. The pulse Doppler
sample volume was placed in the left ventricular inflow tract at the
level of mitral leaflet tips and three consecutive measurements were
averaged. The various variables of diastolic function that were meas-
ured included: (1) peak early (E; m/sec) and peak atrial filling veloc-
ity (A; m/s), (2) ratio of E to A (E/A), (3) E acceleration time (Eat;
m/s), (4) E deceleration time (Edt; m/s), (5) E duration (Edur; msec),
(6) Total duration (Tdur; msec), (7) ratio of Edur/Tdur, (8) E decel-
eration slope (Efslp; m/sec2), (9) E wave velocity time integral (E
VTI, cm), (10) A wave velocity time integral (A VTI; cm), (11) ratio
of E VTI to A VTI, (12) A acceleration time (Aat; m/s), (13) A decel-
eration time (Adt; m/s), (14) A duration (A dur; ms), (15) ratio of A
duration by Total duration (Adur/Tdur), (16) isovolumic relaxation
time (IVRT; ms), (17) pulmonary vein systolic peak flow (PVS; m/s),
(18) pulmonary vein diastolic peak flow (PVD; m/s), (19) ratio of
PVS to PVD (PVS/PVD).

Isovolumic relaxation time (IVRT) was measured in the apical five-
chamber view with the sample volume placed between the aorta and
mitral valve where the recordings of both valves were taken simulta-
neously.

Statistical Analysis
All data are expressed as mean and standard deviation. Student’s t
test was used for inter-group comparisons. Pearson correlation coef-
ficient test was used to assess the degree of association between dif-
ferent variables. For comparing three groups (in analysing according
to types of presentation), comparison was done by analysis of vari-
ance to see the significant difference amongst the three groups
(p<0.05 taken as significant).

Results

The study population included 35 patients with JRA (23 males,
12 females). The mean age of patients was 15.03 ± 5.3 years
(range 7-28 yrs) while the mean duration of disease was 51.8
± 41.6 months (range 2 –168 months). The mean heights
(145.7±16.6 vs. 139 ± 24 cm, p=0.3) and weight (35.5±11.6
vs. 35.0±14.2 kg, p=0.8) were comparable among patients and
controls.

JRA was of the polyarticular type in 16/35 (45.71%),
oligoarticular type in 11/35 (31.43 %) and systemic type in 8/

35 (22.86%). The Rheumatoid factor (RF) was positive in 3
(8.6%) subjects. The mean concentration of haemoglobin in
patients was 10.2 ±1.9 gm% and the mean ESR at the end of
one hour was 44.8 ± 19.5.

None of the patients had any symptoms related to cardiovas-
cular involvement, nor were there any abnormal auscultatory
findings among them. The systolic (120.06+8.03 vs. 106.05
+5.10 mm Hg, p <0.001) and diastolic blood pressures
(77.25+2.6 vs. 63.16+6.08, p <0.001) were significantly higher
among patients with JRA as compared to the corresponding
values found in controls, though the absolute values were
within the normal limits for this population. Resting heart rates
were also higher (85.21±9.57 vs. 79.9±6.14 bpm, p = 0.02)
among the patients as compared to controls.

Patients with JRA had significantly higher LVESD and LVEDD
(Table 1). In view of the enlarged LV size, patients with JRA
also had significantly higher LVEDV and LVESV. Though EF
and FS were within the normal range, the values were lower
among patients with JRA as compared to controls, with only
the difference in EF reaching statistical significance (Table 1).
The stroke volume and cardiac output were comparable be-
tween the two groups. Significant differences were observed
in almost all diastolic parameters in patients of JRA as com-
pared to controls (Table 2).

Peak trans-mitral E velocity was lower and Peak A velocity was
higher amongst the patients with JRA. This was also reflected
by the E/A velocity ratio, which was significantly lower among
patients as compared to the healthy population. Though E
VTI was similar in the two groups, patients with JRA had a
much higher A VTI when compared to controls. This led to
significantly lesser E VTI/A VTI values in patients with JRA.

Eat, Aat and E duration were significantly lower and Edt was
significantly longer amongst patients as compared to controls
(Table 2). IVRT was significantly more prolonged in patients
with JRA, though the absolute mean values were still in the
normal range. Though PVS velocities were comparable in the
two groups, PVD velocities were significantly higher amongst
patients, thus leading to much lower PVS/PVD ratios in the
patient population.

Table 1: Left ventricular systolic parameters in JRA patients and control group

Systolic parameter JRA group Control group P value

Left ventricular end diastolic diameter  (mm) 42.30±4.67 35±3.85  0.001

Left ventricular end systolic diameter (mm) 26.92±4.38 22.39±4.14 < 0.001

Left ventricle end diastolic volume (ml) 75.24±10.30 64.65±4.21 < 0.001

Left ventricle end systolic volume (ml) 27.44±5.13 21.28±2.71 < 0.001

Ejection fraction (%) 62.9±4.47 67.5±3.63 < 0.001

Fractional shortening (%) 36.4±4.5 38.50±6.87 0.2

Stroke volume (ml) 46.69±8.00 44.7±2.5 0.2

Cardiac output (l/mt) 3.86±0.80 3.73±0.34 0.1

Left ventricle posterior wall thickness in diastole (mm) 6.79±1.39 7.02±1.58 0.6

Interventricular septum in diastole (mm) 8.04±1.69 8.18±1.69 0.09

Left ventricle posterior wall thickness in systole (mm) 9.78±1.73 9.33±2.10 0.4

Interventricular septum thickness in systole (mm) 10.52±1.67 10.36±2.05 0.07

Bharti et al: Left ventricular function in juvenile rheumatoid arthritis
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None of the patients had aortic or mitral valve involvement.
The mean left atrial size (27.3±5.1 vs. 27.4±4.9 mm, p=0.9)
and mean Aortic dimension (24.1±3 vs. 22.9±5.1 mm, p=0.4)
were also comparable between the two groups. Lack of any
significant aortic valvular involvement was also borne out by
the fact that the mean aortic annulus (17.8±2.5 vs. 17.9±4.1
mm), mean aortic velocity (1.29±0.2 vs. 1.17±0.2 cm/sec),
and mean aortic VTI (23.1 ± 5.7 vs 22.7 ± 5.2 cm) were not
significantly different among the two groups.

Patient age had a significant correlation with LVED dimen-
sion (r=0.410, p=0.02) and SV (r=0.436, p=0.01). There was
no correlation with LVESV, LVEDV, CO, EF and any of the LV
diastolic function parameters. There was no correlation be-
tween gender and any systolic function parameters. Of the
diastolic parameters, gender correlated significantly only with
A VTI (r=-0.433, p<0.01) and IVRT (r=-0.375, p=0.03).
Males had higher values of A VTI (6.98±0.98 vs. 6.06±0.54
cm, p=0.002) and IVRT (69.43±6.01 vs. 63±10.2, p=-0.03)
as compared to females. Duration of the disease had a signifi-
cant correlation with only three of the LV systolic functional
parameters. Those with longer duration of disease had larger
LVES dimension (r=0.517, p=0.01), larger LVED dimension
(r=0.40, p=0.05) and lower FS (r=-0.506, p=0.01). The du-
ration of disease had no correlation with any of the studied
diastolic functional parameters.  The patients were divided into
three groups according to mode of presentation viz. polyar-
ticular (Group 1), oligoarticular (Group 2) and systemic onset
(Group 3). The mean age, weight, height, weight, systolic- and
diastolic- blood pressure and LV systolic function parameters
were comparable amongst the three groups. Analysis of diastolic
functions revealed that patients with polyarticular type had
higher peak E velocity (1.01±0.10 vs. 0.92±0.10 p=0.05) as
compared to the systemic type, while there was no difference
with Group 2 (0.98±0.11). Patients of Group 1 also had higher
E VTI (13.49±1.80) in comparison to Group 2 (11.21±1.75,
p=0.004) or Group 3 (11.36±1.70, p=0.01). Group 1 patients
also had highest A VTI (7.27±0.97) as compared to Group 2
(6.20±0.61, p=0.004) or Group 3 (5.94±0.69, p<0.0001).

Other diastolic parameters were comparable among the three
groups. Comparison between the three groups by analysis of
variance revealed that three diastolic parameters viz. E VTI (p
0.004), A VTI (p 0.001) and A dur/T dur (0.029) were dis-
criminatory among them. None of the other diastolic or systolic
parameters was significantly different among the three groups.

Discussion

This study of the assessment of the systolic and diastolic func-
tions in subjects with JRA who had no cardiac symptoms dem-
onstrated that patients had significantly higher systolic and
diastolic blood pressures as compared to controls. This could
be related to NSAID intake (being taken by all patients), which
can cause salt and water retention. Adult patients with RA are
known to have a higher incidence of hypertension. Even though
the absolute levels of blood pressure in our patients of JRA
were within normal range, mean levels were higher as com-
pared to controls. Such differences in childhood may lead to
onset of overt hypertension as age advances. Since hyperten-
sion is an important cause of cardiac mortality in adults with
RA, our finding of JRA patients having higher blood pressures
as compared to controls, despite being in the normal range,
assumes importance. Patients with JRA need close blood pres-
sure monitoring so that early onset hypertensions can be de-
tected and treated adequately.

Although pathological studies have suggested a higher preva-
lence of pericarditis in patients with JRA, such a diagnosis on
clinical grounds is relatively uncommon. We did not find peri-
cardial effusion or pericardial thickening on echocardiography
in any of the patients. This is in contrast to what has been
reported by Bernstein et al3 where pericardial effusion was noted
in 37% cases with JRA. However, other studies4,7 have also re-
ported absence of pericardial effusion in their series of juve-
nile arthritis.

We found that patients with JRA had enlarged LV size and
reduced systolic function parameters (lower EF and FS, though

Table 2: Left ventricular diastolic parameters in JRA patients and control group

Diastolic parameter JRA group Control group P value

Peak early diastolic flow velocity  (m/sec) 0.98+0.10 1.14+0.12 <0.001

Peak late diastolic flow velocity  (m/sec) 0.71+0.09 0.65+0.09 0.028

Early diastolic flow acceleration time  (msec) 77.81+11.91 79.71+18.35 0.019

Early diastolic flow deceleration time (msec) 169.37+53.94 146.11+39.20 <0.001

Early diastolic flow duration (msec) 209.43+24.38 224.70+32.10 0.064

Total diastolic flow duration (msec) 369.70+30.50 410.40+32.30 <0.001

EF slope (m/sec2) 6.07 + 1.84 6.78 + 1.62 0.192

Pulmonary vein systolic peak velocity (m/sec) 0.74+0.05 0.74+0.04 0.93

Pulmonary vein diastolic peak velocity (m/sec) 0.61+0.006 0.55+0.08 0.005

PVS/PVD 1.21+0.13 1.34+0.17 0.004

E/A 1.37+0.13 1.75+0.15 <0.001

Isovolumic relaxation time (msec) 68.64+7.80 59.90+8.22 0.002

E wave velocity time integral (cm) 10.30+4.03 13.17+2.50 0.155

A wave velocity time integral (cm) 6.67+0.97 5.62+0.95 <0.001

EVTI/AVTI 1.81+0.23 2.33+0.34 <0.001

Late diastolic flow acceleration time (msec) 57.03+20.19 66.50+15.93 <0.001

Late diastolic flow deceleration time (msec) 93.09+22.48 95.0+24.42 0.607

Late diastolic flow duration (msec) 96.70+38.84 99.72+39.72 0.566

Bharti et al: Left ventricular function in juvenile rheumatoid arthritis
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both were still within the normal range) as compared to con-
trols. Our patients also had significantly higher resting heart
rates as compared to controls, which could be related to the
presence of inflammatory mediators in patients with JRA. Our
observation of resting tachycardia, dilated LV and lower FS
and EF in patients could also represent a sub-clinical myocar-
ditis. Whether this progresses to clinical systolic dysfunction
with time, can only be revealed by long-term follow-up stud-
ies. Hence, it is important to have baseline LV systolic func-
tion assessment in patients with JRA despite their asympto-
matic status to see if LV dilatation or systolic function impair-
ment exists.

Our data demonstrating dilatation of LV in patients with JRA
is consistent with data from previous studies done in adult
patients with RA.8,9 In a study of 30 patients with JRA, Oguz et
al4 also reported higher LV systolic dimensions and lower EF
as compared to controls. However, unlike our study, they did
not find any significant differences in the resting heart rate or
LV diastolic dimensions and volumes.

We observed significant diastolic dysfunction in patients with
JRA in the form of reduced peak E velocity, higher A velocity,
lower E/A velocity ratio, higher A VTI and lower E/A VTI ra-
tios. This pattern, which is a reversal of the normal pattern,
possibly reflects the increased LV filling during late atrial sys-
tole as compared to the early passive filling phase. This re-
flects an alteration in LV compliance and impaired diastolic
relaxation.10 Corrao et al9 in a study of adult patients with RA
also reported higher trans-mitral A velocity and lower E/A ra-
tios and postulated that these abnormalities may reflect LV
structural alterations (increased interstitial connective tissue
in the myocardium). Diastolic dysfunction has also been re-
ported in other studies of adult patients with RA.11,12 In a study
of HLA B27 associated juvenile arthritis, Huppertz et al7 re-
ported that LV diastolic function abnormalities are apparent
only after exercise in the patient population. This is in con-
trast to our study where we noted diastolic dysfunction at rest
in our patients with JRA.

Decreased preload, elevated after-load, or impaired LV relaxa-
tion can all account for the abnormalities reported by us. The
presence of dilated LV in our patients, however, makes reduc-
tion in preload to be an unlikely possibility. Higher blood pres-
sure in our patients suggests that an increased after-load could
be contributing to the diastolic dysfunction. Other factors like
an increase in myocardial fibrosis, (due to enhanced intersti-
tial connective tissue deposition) and higher resting heart rate
(with consequent reduced time available for myocardial re-
laxation) could also play a role.

We observed that those with longer duration of disease had
larger LV end-systolic and diastolic diameters, and lower FS,
suggesting that the abnormalities might progress over a pe-

riod of time. Though there was no correlation of gender with
LV systolic functional parameters, males with JRA had higher
A VTI and IVRT as compared to females, reflecting perhaps a
greater degree of diastolic dysfunction in male patients with
JRA. Patients with a polyarticular mode of presentation had
higher E VTI and A VTI as compared to other modes of pres-
entation (viz. oligoarticular and systemic). To the best of our
knowledge, no previous study has analysed the effect of these
variables on LV systolic or diastolic parameters in JRA. How-
ever, since patient numbers are small, studies with larger
number of patients are required to study these issues in more
detail.

The diastolic dysfunction observed by us is usually seen in dis-
orders such as systemic hypertension, ischaemic heart disease
and cardiomyopathy. Though our patients were young and
asymptomatic, diastolic dysfunction was apparent. Such dys-
function might appear years before overt cardiac dysfunction
becomes apparent. Hence, the study highlights the fact that
patients with JRA need close monitoring.

Conclusions

Patients with JRA have significantly higher LV systolic and
diastolic dimensions and volumes as compared to controls.
Diastolic dysfunction is also common, in the form of lower
transmitral E volicty, higher A velocity and prolonged IVRT.
The presence of these despite an asymptomatic cardiac status
highlights the importance of early diagnosis and detection of
these abnormalities.
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Cardiac dysfunction is seen with many of the collagen vascu-
lar diseases including systemic lupus erythematosis, rheuma-
toid arthritis (RA), dermatomyositis, and systemic sclerosis.
Juvenile rheumatoid arthritis (JRA) is the most common rheu-
matic disease in childhood with a very variable course. The
second major cause of mortality in this disease is from cardiac
involvement.1 This occurs in about 4.5% cases2 and includes
pericarditis, aortitis, coronary vasculitis, valvulitis (endocardi-
tis), conduction system involvement, pulmonary hypertension
and myocarditis.

Proinflammatory cytokines, in particular tumor necrosis fac-
tor (TNF-α) and interleukin 6 (IL-6) play an important role in
this disease and may be responsible for the damage seen with
arthritis, rash, fever and serositis. Therapy includes pain man-
agement and reduction of the inflammatory process. Non
steroidal anti-inflammatory drugs (NSAID) including COX-1
and COX-2 inhibitors, corticosteroids, methotrexate,
sulfasalazine and other disease-modifying anti-rheumatic drugs
are used with varying success. Newer anti-cytokine agents such
as leflunomide3,4 and etanercept5,6 have been found to be ef-
fective in reducing disease progression in adult rheumatoid
arthritis.

In most cases of RA, the cardiac disease is subclinical with
early diastolic dysfunction followed by insidious onset of symp-
toms with increasing systolic dysfunction and cardiac failure
which is a late finding. Abnormal diastolic function of the left
ventricle has been reported in adult RA7 and JRA.8,9 In this
issue of the Journal, Bharti et al10 studied systolic and diastolic
function of the left ventricle in 35 patients and compared the
data with age and sex matched controls. They demonstrate a
higher blood pressure, higher heart rate, larger left ventricular
dimension, lower left ventricular systolic function, and de-
creased diastolic function in JRA patients, compared to con-
trol population. The study did not find any differences in the
left ventricular wall thickness or pericardial involvement. They
conclude that there are significant systolic and diastolic func-
tional abnormalities in asymptomatic juvenile rheumatoid ar-
thritis patients and suggest monitoring the patients. The manu-
script is reasonably well-written and has some merits, particu-
larly documentation of left ventricular diastolic function ab-
normalities. But, there are several limitations in the study: The
age range of study subjects is 7 to 28 years, and as such, many
subjects are not truly children. Blood pressures are said to be
higher, but indeed they are within normal range. Furthermore,
all patients are receiving NSAID which may account for hy-
pertension. The report also does not mention drugs other than
NSAIDs taken by the study population. At the time of the
study a sedimentation rate or C–reactive protein level may

Expert’s Comments

reflect the inflammatory status of the disease although many
studies in adults have failed to correlate the degree of inflam-
mation with the amount of diastolic or systolic dysfunction in
RA.7,11-13 Large left ventricular size and volume may be related
to lower hemoglobin levels. Ejection fraction and fractional
shortening are indeed within normal range of established val-
ues; should they be called abnormal? The effect of increasing
size of the child with time should be accounted for before con-
cluding that increase in LV dimension is the effect of the dis-
ease. Despite all these limitations, we believe that this study
supplements the limited literature available on cardiac involve-
ment in JRA.

Increasing diastolic dysfunction has been found with increased
duration of the disease but the etiology of this diastolic dys-
function is still unclear. The abnormal relaxation of the myo-
cardium may be due to thickened and stiff pericardium, left
ventricular hypertrophy, interstitial fibrosis, ischemic changes
(resulting in abnormal relaxation of the ventricle) and/or amy-
loid infiltration. Thus, the cause of abnormal diastolic param-
eters may be multiple and may be a cumulative effect of sev-
eral factors such as pericarditis with or without pericardial ef-
fusion, hypertension,14 left ventricular hypertrophy, therapy
with cardiotoxic agents such as cyclosporine, gold salts,15 d-
penicillamine,15 chroloquine,16,17 and hydrochloroquine, hyper-
tension due to steroid therapy, secondary amyloidosis,18 and
vascular stiffness from vasculitis.19 The abnormal
echocardiographic diastolic parameters may not be so much
reflective of “myocarditis” because such myocarditis in JRA is
a rare phenomenon and seen in only 1 to 10% cases,2,20,21 espe-
cially when there is severe active systemic disease.20 However,
pericardial involvement can be seen in almost 45 % of the cases
at autopsy22 and collagen fiber involvement with endocarditis
and pericarditis is more prevalent.

In conclusion, children with JRA are at risk for cardiac dys-
function. Routine cardiac evaluation, possibly yearly may be
one way to monitor these children, as implied by the authors.
Blood pressure measurement, electrocardiogram and echocar-
diogram may be performed. On an echocardiogram, evalua-
tion of left ventricular wall thickness, pulmonary artery pres-
sure, pericardial effusion, pericardial thickening, left ventricu-
lar diastolic and systolic function, left ventricular dilatation,
valvular thickening with insufficiency or stenosis, aortic root
diameter and coronary artery involvement should be per-
formed.

Gupta M, Rao PS
Division of Pediatric Cardiology,

University of Texas-Houston Medical School,
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