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Noninvasive Car diac Assessment in Children of Women with
Systemic Lupus Erythematosus
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Objective - Noninvasive cardiac assessment of new-
bornsand infants of women with systemic lupuserythema-
tosus. The children had no congenital total atrioventricu-
lar block and wer e compared with the children of healthy
women.

Methods - We prospectively assessed 13 newborns
and infantsaged 1 to 60 days, children of women with sys-
temic lupus erythematosus and without congenital total
atrioventricular block. These children were compared
with 30 children of women who had no lupus or anti-Ro/
SSA antibodies, and no risk factorsfor congenital heart
disease either. Their age groups matched. The following
examinations were performed: cardiological physical
examination, electrocardiography, echocardiography,
and signal-averaged el ectrocardiography.

Results- The statistical analysis showed no signifi-
cant differencein ventricular function or in the cardiac
conduction system between the groups.

Conclusion - Inregard to the conduction systemand
ventricular function in the absence of total atrioventricu-
lar block, no statistically significant differencewasobser-
ved between the children of women with systemic lupus
erythematosus and children of healthy women.
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Neonatal lupusisan autoimmune disease dueto passi-
ve acquisition of maternal antibodies during pregnancy 12,
These antibodies remain in the fetal and newborn circula-
tion causing skin, hematol ogical, and cardiol ogi c abnorma-
lities, and other conditionsthat imitate adult systemiclupus
erythematosus 34, These abnormalitiesaretransient if in
tissues capable of continuous regeneration, such asthe
skin and the hematopoietic system, and irreversiblein the
cases of impairment of the cardiac conduction system*.

In healthy pregnant women, thefrequency of anti-Ro/
SSA antibodiesthrough immunodiffusion or contraimmu-
noel ectrophoresis varies around 0.4 and 1%, respectively,
and of anti-La/SSB antibodies around 0.7% 5. In patients
with systemic lupus erythematosus, the frequency of anti-
R0/SSA antibodiesis approximately 40% and that of anti-
La/SSB antibodiesis15t0 20%°. Inpatientswith Ségren’s
syndrome, the frequency of anti-Ro/SSA antibodiesis 40
to45% and that of anti-L&/SSB antibodiesis15t0 20%°.

Thegeneral prevalenceof neonatal lupusin newborns
of motherswith systemiclupuserythematosusrangesfrom
1to3%?, andthegeneral estimateof achild with congenital
total atrioventricular block is1:60, whichincreasesto 1:20°
if themother hascirculating anti-Ro/SSA antibodies>2.

In 1993, Goble et al & reported that newborns from
mothers with systemic lupus erythematosus who devel o-
ped the disease before or during pregnancy had anincrease
inheart rate (corrected for age) andinthe PRinterval inthe
el ectrocardiogram corrected for heart rate. Other disorders
of cardiac electrical conductionin children of womenwith
anti-Ro/SSA antibodieshave been reported, and theclassi-
fication of these disorders as manifestations of neonatal
lupusistill controversial °°,

Thisstudy aimed at comparing, fromthecardiovascu-
lar point of view, children of women with systemic lupus
erythematosus and children of healthy women through
physical examination, electrocardiography, 2-dimensional
Doppler echocardiography, color flow Doppler, and signal-
averaged el ectrocardiography.
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M ethods

From March 1995 to July 1997, 13 newbornsand in-
fants from women with systemic lupus erythematosus
(group I) were prospectively studied. Their agesranged
from 1to 60 days, and 8 children were males. All mothers
diagnosed with therheumatol ogic diseasehad it confirmed
through clinical and |aboratory means, and 9 werepositive
for theanti-Ro/SSA antibodiesaccording totheguidelines
of the American Society of Rheumatology **. The control
group (group 11) was composed of healthy children inthe
same age bracket whose mothers neither had nor were sus-
pected of having systemic lupus erythematosus or Sj6-
gren’ ssyndrome, with confirmation of thisthrough clinical
and laboratory means. Themothersof group 11 childrenwe-
renegativefor anti-Ro/SSA and anti-La/SSB antibodiesina
blood sampl e collected when their children were assessed.

The proceduresinvolved in the study were explained
toall mothers, who agreed with themthroughwritteninfor-
med consent.

The children studied underwent aphysical examination
especialy directed at the cardiovascular system and thefollo-
wing complementary tests: conventiona 12-lead dectrocardio-
graphy, 2-dimensional Doppl er echocardiography, color flow
Doppler, and signal-averaged el ectrocardiography. The
Capurro scorewasnot cons dered alimitationfor inclusionin
the control group, in which premature babiesasyoung as 35
gestational weekswereaccepted aslong asneonatal complica
tionswere not present, for matching the gestational age of
groupl. A Capurroscorelower than 38 weekswasconsidered
aprematurity criterion. Thecriterionfor asphyxiawasan Apgar
scorebelow 7 inthefifthminuteof life. During thestudy, 3 ca-
sesof congenital total atrioventricular block were observed
and excluded fromthegatigtica analysis.

Theelectrocardiogramwasobtained at rest and without
sedatives. Thefollowing parameterswereanalyzed: rhythm,
heartrate, dectricaxis(AQRS), amplitudeof theRwavei nv,
(RV,),andtheQT interval correctedfor heartrate(QTc).

Intheechocardiogram, thefollowing parameterswere
measured in millimeters (mm): the diameters of the aorta
(AO), of theleftatrium (LA), of theleft ventricleat theend of
diastole(EDLVD) and systole(SLVD), of theright ventricle
at the end of diastole (RV), diastalic thickness of theinter-
ventricular septum (1VS) and of theleft ventricul ar posterior
wall (LVPW). Leftventricular gectionfraction (EF) andsys
tolic shortening fraction (SF), used to assess ventricular
function, wereanalyzed. All measuresweretaken according
to the recommendations of the American Society of Echo-
cardiography 2. Based on the val ues obtained on echocar-
diography, left ventricular mass (LVM) was determined in
grams(g) withtheformulaLVM =0.832[(IVS+LVPW +
EDLVD)*- (EDLVD)% +0.6%.

Thesignal-averaged el ectrocardi ogram was obtained
using the Predictor |1c system (ART-Austin, Texas, USA).
Medi-Tracesilver e ectrodesof thepediatric sizeor modeled
to adapt to the child’ sthoracic surface were used and pla-
cedinthemodified Frank XY Z leads, according tothefollo-
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wing criteria: X lead —4th intercostal space, right and left
midaxillary lines, positiveel ectrodetotheleft; Y |ead —| eft
midclavicular line, infraclavicular, andleft costal margin, the
positive electrode being that in the costal margin; Z lead —
atthelevel of theV , lead of the conventional €l ectrocardio-
gram, with itsrepresentation in the left paravertebral line,
the anterior electrode being the positive.

The signal was considered adequate when the noise
at the beginning of the capturing process was below 5 mV
indl leads. Inchildrenwithaninitia noisegreaterthan5mV,
the skinwas prepared again at the site of theimpaired | ead.

Considering the arithmetic mean of the 3 leads, the
noisewasreducedtoalevel £0.5mV, whichwasautomati-
cally obtained by the capturing system. The signalswere
capturedinthesampling frequency of 2000 Hz, withthefidu-
cial point shifted to the400 position. The QRS complex was
maintained astheregion for comparisonwiththedefault pa-
rametersof the equipment.

The noise window was positioned in aregion of the
signal away fromthe QRS and P-wave deflections, usually
intheregion of the ST segment.

Theanalysisof thesignalswasdividedinto thefollo-
wing 2 steps: timedomain and frequency domain.

Time domain—To assess ventricular activation, each
lead underwent afiltering processwith the Butterworth bi-
directional 4-pol efilter with ahigh-passcut-off frequency of
40 Hz and alow-pass cut-off frequency of 250 Hz. The 3
leadsfiltered were combined in avectorial resultant, the
magnitudevector (MV), usingtheformula: VM = OX2+Y 2+
Z2. Thefollowing variableswere studied: total duration of
thefiltered QRS (DQRS); mean squareroot of tension of the
final 40 ms(M SR40) and 20 ms(M SR20) of thefiltered QRS;
andtotal duration of the potential swith amplitude£ 40 mV
inthetermind region of thefiltered QRS (LA $40), whosebe-
ginning and endwerevisually established after theautoma-
tic detection performed by the equipment.

ThePRinterval wasmeasuredineach nonfiltered X, Y,
and Z lead through visual identification of the beginning of
the Pand Q or R waves of the QRS complex. The point of
thelesser visual curvature at the moment of junction of the
baseline with the ascension of the P-wave deflection, in
which thetension of thebaselinedid not vary inthe prece-
ding 2ms, wasconsidered the beginning of thePwave. The
beginning of the Q or Rwaveswasidentified asthe point of
lesser visual curvature at the moment of junction of the ba-
selinewiththefirst deflection of the QRS complex. Because
of therapid transition of the PR segment to ventricul ar acti-
vation (QRScomplex), thepoint that wasvisually preceded
by aregion of littleinclination and whose amplituderemai-
ned stable in the 2 preceding points was used. Of the 3
leads, the onewhose PR interval waslonger was used.

Frequency domain—Thisdomain wasusedto analyze
theQRScomplex. Theanalysiswascarried out withatime-
frequency map, based on the Fourier transform applied to
segments of short duration of thefirst derivative of the
signal (SFFT). Thetime-frequency map wasconstructed as
amodule of the sum option of the acquisition system, each
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segment bei ng multiplied by acompensation window of the
Blackman Harristypeto avoid discontinuity intheextremes
of theinterval . The point preceding the beginning of thefil-
tered QRS (initia point of themap) in 25 mswas used. For
cal culating the spectral components, the window was shif-
ted every 2 mswithinaregion of 200 msfromtheinitial point
in the map. The 25-ms segment FFT was added to values
ranging from zero (zero padding) to 64 pointsfor thecons-
truction of therange of each window.

Thevariablesusedintheanalysisof thetime-frequen-
cy mapwereasfollows: mean (Cem) and standard deviation
(Cesd) of the intersegmentary spectral correlation of the
electric signal throughout ventricular activation; mean
(Bdm) and standard deviation (Bdsd) of thefrequency band
delimitating the signal energy. The beginning and end of
the QRSinthetime-frequency map for analysisof thevaria-
bleswerevisually detected. Theother parametersof analy-
sisweremaintained inthe default mode of the device.

Laboratory tests—Blood samplesof all patientsunder-
went the 2 following laboratory tests: FANA (fluorescent
antinuclear antibody) (Biorad), and anti-Ro/SSA antibody
by hemagglutination (Hemagen). Values greater than 1/50
were considered positive.

Inregardto the statistical analysis, the nonparametric
Mann-Whitney test (2-tailed) wasused. The statistical cal-
culationwas performed withtheaid of & ectronic computing
with SPSS software for Windows. The significancelevel
adoptedwasP < 0.05.

Results

The patientsin both groups studied had anormal phy-
sical cardiac examination. Their ages and anthropometric
measures showed no statistically significant differences.

The 12-lead surfaceel ectrocardiogram showed asigni-
ficantly more elevated heart ratein group | as compared
with that in group I1. The other parameters studied were
very similar (tab. 1), heart rate being the only significantly
different variablebetweenthe 2 groups, being greater inthe
children of womenwith systemiclupuserythematosus. The
results showed no difference, even when considering the
group of women with anti-Ro/SSA antibodies and the
group of healthy women (tab. I1).

No statistically significant differencewasobservedin
regardto thedimensionsof thecavities(tab. I11). Analyzing
left ventricular function, group | had significantly greater
gectionfractionvaues(76.77 x 72.53; P=0.049) thangroup |
did(tab. I11). Nodifferencewasfound between theleft ven-
tricular massesinthe 2 groups. When the subgroup compri-
sed of women positivefor anti-Ro/SSA antibodieswas se-
parated, thedifferenceinthe gjectionfraction disappeared,
and only thedifferenceinthethickness of theleft ventricu-
lar posterior wall wassignificant (tab. 1V).

Theval uesobtained withthesignal-averaged el ectro-
cardiogram showed no significant differencein the QRS
analysis and in the time and frequency domains (tab. V).
Theresult did not change when only the subgroup of wo-
men with anti-Ro/SSA antibodieswas assessed (tab. V1).
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Table | - Assessment of the electrocardiogram of the groups studied

Group | (n=13) Group I (n=30) P
HR 137.6 125.9 0.04
AQRS 120.4 130.7 0.20
RV, 20 21.7 0.75
QTc(ms) 40 39 0.20

HR - heart rate; AQRS - electrical axis; RV1 - amplitude of the R wavein V1,

QTc - corrected QT interval.

Table Il - Assessment of the electrocardiograms of the children of
anti-Ro/SSA-positive women and healthy women

Group la Group 11 P
HR 132.6 125.2 0.36
AQRS 127.2 130.7 0.81
RV, 27.2 21.7 0.79
QTc 0.40 0.39 0.72

HR - heart rate; AQRS - electrical axis; RV1 - amplitude of the R wavein V1,
QTc - corrected QT interval.

Table 11 - Values of the measures obtained on the echocardiogram
(means of the diameters and mass, and assessment of ventricular
function) in the groups studied

Group | (n=13) Group Il (n=30) P
AO(mm) 8.7 9 0.30
LA (mm) 12.3 117 0.49
SLVD (mm) 10.8 11.5 0.30
EDLVD (mm) 175 17.9 0.30
RV (mm) 6.7 6.6 0.84
IVS(mm) 35 3.4 0.43
LVPW (mm) 31 34 0.14
EF (%) 76.8 72.5 0.049
SF (%) 38.6 35.7 0.07
LVM (g) 8.2 8.7 0.44

Ao- diameter of the aorta; LA- diameter of theleft atrium; EDLV D- end-diastolic
left ventricular diameter; SLVD- systolic left ventricular diameter; RV- end-
diastolic right ventricular diameter; 1VS- diastolic thickness of the interven-
tricular septum; LV PW- thickness of the left ventricular posterior wall during
diastole; EF- left ventricular ejection fraction; SF- systolic shortening fraction;
LVM- left ventricular mass.

ThePRinterval showed no significant differencebet-
ween the 2 groups, even when consi dering the subgroup of
women positivefor anti-Ro/SSA antibodiesalone.

Discussion

One of the most severeforms of presentation of neo-
natal lupusisthe onethat includes congenital total atrio-
ventricular block. Several attemptshavebeen madeto de-
monstratethat, evenin the absence of that block, cardiolo-
gical manifestationsof lesser clinical significanceexist, indi-
cating some degree of myocardial impairment in these pa-
tients 810, Our study showed some differences between
groups| and I1; however, thosewith statistical significance
revealed only small differencesbetweenthegroupsanddid
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TablelV - Measures obtained on the echocar diogram (means of the
diameters and mass, and assessment of ventricular function) in the
children of anti-Ro/SSA-positive women without congenital total
atrioventricular block compared with those in group 11

Group la Group |1 P
AO(mm) 8.9 9 0.43
LA (mm) 12.1 11.7 0.63
SLVD (mm) 10.4 115 0.20
EDLVD (mm) 16.9 17.9 0.36
RV (mm) 6.9 6.6 0.66
IVS(mm) 34 34 0.86
LVPW (mm) 2.9 34 0.04
EF (%) 76.7 725 0.06
SF (%) 38.6 35.7 0.10
LVM (g) 7.4 8.7 0.09

Ao- diameter of theaorta; LA- diameter of theleft atrium; EDLV D- end-diastolic
left ventricular diameter; SLVD- systolic left ventricular diameter; RV- end-
diastolic right ventricular diameter; 1VS- diastolic thickness of the interven-
tricular septum; LV PW- thickness of the left ventricular posterior wall during
diastole; EF- |eft ventricular jection fraction; SF- systolic shortening fraction;
LVM- left ventricular mass.

TableV - Comparison of the means of QRS in the time and frequency

domains
Group | (n=13) Group Il (n=30) P
DQRS(ms) 55 56 0.57
MSR20 (mv) 177.8 139.5 0.41
MSR40 (mV) 550 464.4 0.11
LASA0 (ms) 9.7 10.2 0.39
Cem 0.96 0.96 0.17
Cesd 0.06 0.05 0.31
Bdm 60.7 62.3 0.19
Bdsd 26.8 27.9 0.50
PR 187.5 120.7 0.84

DQRS - tota duration of the filtered QRS; MSR20 - mean square root of the
tension of thefinal 20 msof the filtered QRS; M SR40 - mean square root of the
tension of the final 40 ms of the filtered QRS; LAS40 - total duration of the
potentials with amplitude £ 40 mV in the terminal region of the filtered QRS;
Cem - mean of the intersegmentary spectral correlation of the electric signal
throughout ventricular activation; Cesd - standard deviation of the interseg-
mentary spectral correlation of the electric signa throughout ventricular ac-
tivation; Bdm - mean of the frequency band delimitating the signal energy;
Bdsd - standard deviation of the frequency band delimitating the signal energy;
PR - PR interval measured on signal-averaged electrocardiogram.

not suggest cardiol ogical impairment of thechildren dueto
maternal systemic lupus erythematosus. Noimpairment in
ventricular function or electrocardiographic change that
could confirm cardiac damagewas observed in the neonatal
period until the60th day of life.

The 12-lead conventional el ectrocardiogram showed
differences between the groupsin regard to heart rate
vaues, whichweregreateringroup | (tab. ). Gobleet al ®re-
ported similar results, which were also related to fetal dis-
tress. However, our case series showsthat agreater heart
rateinthese patientsisal so accompanied by normal systolic
and diastolicleft ventricular diameters, normal g ectionand
shortening fractions, ruling out ventricular dysfunction as
acause of tachycardia. When the subgroup of the children
of womenwith anti-Ro/SSA antibodieswas separated, this
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Table VI — Assessment of signal-averaged electrocardiogram in the la
(Anti-Ro/SSA +) and |1 groups

Group la Group Il P
DQRS (ms) 54.8 56 0.48
MSR20 (mv) 176 139.5 0.41
MSR40 (mv) 524.7 464.4 0.32
LAS40 (ms) 9.6 10.2 0.53
Cem 0.96 0.96 0.58
Cexd 0.05 0.05 0.91
Bdm 59.7 62.3 0.09
Bdsd 26.4 27.9 0.39
PR 159.2 158.3 0.76

DQRS - tota duration of the filtered QRS; MSR20 - mean square root of the
tension of thefinal 20 msof thefiltered QRS; M SR40 - mean square root of the
tension of the final 40 ms of the filtered QRS; LAS4O - total duration of the
potentials with amplitude £ 40 mV in the terminal region of the filtered QRS;
Cem - mean of the intersegmentary spectral correlation of the electric signal
throughout ventricular activation; Cesd - standard deviation of the interseg-
mentary spectral correlation of the electric signal throughout ventricular ac-
tivation; Bdm - mean of the frequency band delimitating the signal energy;
Bdsd - standard deviation of the frequency band delimitating the signal energy;
PR - PR interval measured on signal-averaged electrocardiogram.

difference disappeared, showing once again that the pre-
senceof anti-Ro/SSA antibodieswasnot thefactor determi-
ning the greater heart rate found in the subgroup of women
with those antibodies.

The echocardiographic measures, as expected, were
similar, because the patients had neither signals nor symp-
tomsof fetal or neonatal heart failure. However, asignifican-
tly greater gjection fraction wasfoundingroup|. The sta-
tigtically significant differencesrelated to gjection fraction
may bejustified by the fact that that parameter isamathe-
matica formulainwhichthesystolicand diastolicleft ventri-
cular diametersare cubed. Thus, when cubed, small nonsig-
nificant differencesin ventricular diametersbecome statis-
tically significant without denoting changeinthereal func-
tion. In addition, the gjection fraction was greater in the
group studied, and no scientific explanation existsfor the
better ventricular function in the children of patientswith
systemic lupus erythematosus. Moreover, the shortening
fraction, another parameter used to assess ventricular
function, was similar between the groups, emphasizing
onceagainthe possibility that agreater gjectionfractionisa
biasdueto theuse of amathematical resourcethat increases
the difference between the values of |eft ventricular cavity
diameters. Still considering the echocardiographic values,
thedifferencesdisappeared when only the children of anti-
Ro/SSA-positive women were assessed.

Although children of womenwith systemiclupusery-
thematosus have not been reported as candidates for ven-
tricular arrhythmia, the use of signal-averaged electrocar-
diography isjustified when evidence of myocardial inflam-
matory diseaseis searched for inthese patients. Therefore,
we could find changesin the spectral turbulence similar to
those found in patientsin the acute and subacute phases
of myocarditiswith other causes, inwhich signal-averaged
el ectrocardiography wasmoreeffectivethan other conven-
tional diagnostic methodsto detect evidencefor amyocar-
dial inflammatory process?e. Reports on signal-averaged
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electrocardiography in newborns and infants are scarce,
ours being one of thefirst studies on this subject in our
country 6, The normal values of the signal-averaged elec-
trocardiogram in the age bracket of the patients studied
have not yet been standardized. That was the reason why
the control group was carefully selected toinclude healthy
and nonasphyxial newborns and infants, and motherswith
normal prenatal follow-up and norisk factorsfor myocardial
damage. The QRS assessment reveal ed very similar values
in the 2 groups, and no pattern suggestive of spectral tur-
bulence wasfound in the time and frequency domains.

Theresults obtained in the signal-averaged electro-
cardiogram suggest that the children of women with syste-
mic lupus erythematosus have no changesin intramyocar-
dial ventricular conduction. Although thisdoes not defini-
tively rule out the presence of myocarditis, it suggests at
least that no detectable damageto ventricular intramyocar-
dial conduction occurred duringintrauterinelife.

The PR interval was assessed on the signal-averaged
electrocardiogram, and, althoughit wasgreater in absolute
numbersinthechildren of womenwith systemiclupusery-
thematosus, these differenceswere not statistically signifi-
cant and werenot the sameasthosereported by Gobleet al®.
Thismay be because signal-averaged el ectrocardiography
hasagreater precision than conventional electrocardiogra-
phy with an estimated error of afew milliseconds.

Andyzing thesgna-averaged €l ectrocardiogram of the
subgroup of womenwith anti-Ro/SSA antibodies, wealsodid
not find differencesinregard to the healthy control group.

When the subject of pregnancy is considered for wo-
men with systemic lupus erythematosus, theimportance of
theprenata follow-up isworth noting, becausewomenwith
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severe diseases as such are considered high risk. Therefo-
re, they requirespecial attention, such asserial ultrasounds
andfetal echocardiography, especially thosewomen positi-
vefor anti-Ro/SSA antibodies after the 16th gestational
week, whentherisksof neonatal lupusaregreater *°. Curren-
tly, nodoubtsexist that awell-conducted prenatal follow-up
largely reducesfetal and perinatal mortality. Itisa soimpor-
tant toinform the pediatrician about possibledelivery com-
plications, allowing himto prepareappropriate material for
assistingthenewborn still inthedelivery room. Thisisade-
termining factor for the good evolution of patientsat risk,
such asthose with congenital total atrioventricular block.
From the moment when this study was carried out until the
beginning of 2002, 6 casesof congenital total atrioventricu-
lar block were diagnosed in the prenatal follow-up, al-
though they werenot included inthisstudy. Theearly diag-
nosisallowed the successful birth of 4 children, 2 of whom
underwent definitive pacemaker implantation within their
first48 hoursof life.

In the sample studied, no change in ventricular func-
tion or in conduction of the cardiac stimuluswas observed
in children of women with systemic lupus erythematosus.
Therefore, no evidence existed confirming lesionsin the
conduction system of these patients or factorsinterfering
with the ventricular function in the absence of congenital
total atrioventricular block, even when assessing thegroup
of womenwith anti-Ro/SSA antibodiesal one. Petientswith
no congenital total atrioventricular block may not have un-
dergoneintrauterinemyocardial injury, or if they had anin-
flammatory process, thismay have been successfully resol-
ved without any sequelaestill during theintrauterinelife.
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