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Right Ventricular Diastolic Dysfunction in the Postoperative
Period of Tetralogy of Fallot
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Objective - 1o assess right ventricular diastolic func-
tion in the intermediate postoperative period of repair of
tetralogy of Fallot.

Methods - We carried out a case-control study with

60 patients divided into 2 groups as follows: 1) group I -

30 patients who had undergone repair of tetralogy of
Fallot and 2) group II - 30 healthy children. The 2 groups

were paired for age, sex, and body surface. The flows in the
pulmonary and tricuspid valves were analyzed with

Doppler echocardiography. The presence of anterograde
flow at the end of diastole in the pulmonary artery defined
restrictive right ventricular physiology. Surgical, radiolo-

gical, electrocardiographic, and echocardiographic

variables were analized in the group I.

Results - The velocity of the A wave and the E/A ratio
for the tricuspid valve showed significant differences bet-
ween the groups. Cases with E/A < 1.30 predominated in
inspiration (group I - 19/30, and group II - 5/30). The du-
ration of the QRS complex on the electrocardiogram was
significantly increased in patients with E/A <1.30.
Nineteen (63.3%) patients had restrictive right ventricu-
lar physiology, which had a longer postoperative period,
longer duration of the QRS complex, and a lower E/A ratio
in inspiration. The surgical and radiological variables
showed no statistical difference.

Conclusion - Restrictive right ventricular physiology
was detected on the intermediate follow-up of most pa-
tients undergoing repair of tetralogy of Fallot. The posto-
perative period and QRS duration were increased in pa-
tients with impairment in diastolic function.
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Studiesintheliteraturehave shownthat el ectrocardio-
graphic, radiological, and clinical aterationsmay berelated
totheprognosi sof the patient undergoing total repair of te-
tralogy of Fallot *°.

Biventricular systolic function is preserved in most
patients >4, However, right ventricular diastolic function
has been recently observed to show signs of impairment
with adiverse behavior in different phases of the postope-
rativefollow-up #*.

Thisway, restrictiveright ventricular physiology may
berelated to acomplicated evolutionintheearly postopera-
tive period 248, but on the other hand, to amorefavorable
courseinthelate postoperative period?.

Thisstudy aimedto assesstheclinical, e ectrocardio-
graphic, andradiol ogical factorsrelated to right ventricular
diastolic dysfunction in the intermediate postoperative
period of therepair of tetralogy of Fallot.

Methods

We carried out a case-control study with 60 children
withamean ageof 104.64+45.65 months(24t0 197 months),
who were seen at the Hospital Infantil Pequeno Principe
from June 1st to October 30th, 2000. Thefemale/maleratio
was0.87(28/32).

Thechildrenweredivided into 2 groups: 1) group | -
comprising 30 patientswho had undergone correction of the
tetral ogy of Fallot, withamean age of 35.4+25.7 months (6
to 108 months), and a mean postoperative follow-up of
77.5+38 months (20to 143 months), and who were sequen-
tially selected at the pediatric cardiology outpatient care
unit; 2) group Il —comprising 30 healthy children, whowere
selected at the pediatric cardiology and orthopedics
outpatient careunitswith normal clinical, el ectrocardiograp-
hic, and echocardiographi c examinations, withno systemic
disease, dehydration or syndromes, and who were paired
withgroup | patientsfor age, sex, and body surface.

Patientswith thefollowing characteristicswereexclu-
ded from the study: genetic or chromosomal syndromes,
hypoplasiaor absence of confluence of the pulmonary bran-
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chesinthepreoperativeperiod, association with atrioventri-
cular septal defect or agenesis of the pulmonary valve,
significant residual ventricular septal defect, residual
gradientintheright ventricular outflow tract greater than 40
mmHg on Doppler echocardiography, significant insufficien-
cy of the atrioventricular valves, and presence of the con-
nectiontubefromtheright ventricletothepulmonary artery.

All patientsunderwent total repair of thetetralogy of
Fallot at the same service and by the same surgeon. The
defect wasrepaired through right ventricul otomy, withwi-
dening of the outflow tract, atransannular patch, and
closure of the ventricular septal defect, using a prosthetic
tissue of polytetrafluoroethylene.

All children studied underwent compl eteclinical exa
mination, 12-lead el ectrocardiography at rest, chest radio-
graphy, and transthoracic echocardiography, performed
with the Hewlett Packard sonus 1000 and sonus 1800
devices. The parents of the patients provided written con-
sent for theexaminations, and the project was approved by
the Committee on Ethicsof our hospital.

The following variables were obtained on Doppler
echocardiography inthe2 groups: 1) tricuspid flow onins-
pirationand expiration—Ewave, A wave, E/A rétio, decele-
rationtimeof the Ewave; 2) pulmonary flow —thepresence
of anterograde diastolic flow. Themean of 3 measurements
in each phase of the respiratory cycle was considered for
analysis.

Comparison between the groups provided 2 sub-
groups: with and without impairment of right ventricular
diastolicfunction.

Thefollowing variableswerecompared betweenthe 2
groups. clinical variables(patient’ sageat thetimeof surgi-
cal repair and duration of the postoperativefollow-up), sur-
gicd variables(duration of extracorporeal circulation, dura-
tion of aortic occlusion, duration of total circulatory arrest,
minimum nasopharyngeal and rectal temperatures, duration
of surgery), radiographic variables (cardiothoracic rate),
and electrocardiographic variables (heart rate, PRinterval,
QRSduration, and cardiac rhythm).

Thecontinuousvariableswere presented asmean and
standard deviation. The Student ¢ test or the Mann-Whit-
ney test, or both, and the chi-squaretest were used for com-
parison between thegroups. Datawere computed and ana
lyzed with the 6.04b version of the epidemiological EPI-
INFO software. The values were considered statistically
significant when p<0.05.

Results

The demographic datawere similar for both groups
(tab.1).

Tricuspid regurgitation was observed in 22 patients,
beingmildin 18 (81.8%) patientsand moderatein4(18.2%).
Mild pulmonary regurgitation wasobservedin 28 (93.3%)
patientsand moderate pulmonary regurgitationin 2 (6.7%).

Comparing the variableson Doppl er echocardiogra
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Table I — Comparison of the demographic data between the 2 groups
Variable Group | (n=30) Group Il (n=30) P
Mean £ SD Mean + SD

Age (months) 113.3+ 47.7 98.4 + 43.6 0.21
Weight (kg) 28.9 + 13.7 28.1+ 126 0.80
Height (cm) 125.4+ 324 127.3+ 20.4 0.85
BS(m?) 1 + 03 1 £+ 02 0.94
Sex (M/F) 14/16 14/16 1.00
SD- standard deviation; BS- body surface; M- mae; F- female.

phy, the A wave and the E/A ratio, bothininspiration and
expiration, showed significant differences between the
groups(tab. 11). A significant correl ation betweentheseva-
riablesininspirationand expiration wasobserved, withr =
0.87(0.61<Cl <0.84) for Awave, andr=0.70(0.27<Cl <
0.66) for E/A retio.

Patientswithan E/A ratioininspiration £ 1.30 (group|
—19/30and group 11 —5/30, p<0.001), sensitivity of 80.7%
and specificity of 73.5% predominated. Consideringthe 2
subgroupsafter thiscut point, only the QRS complex dura-
tionontheelectrocardiogramwassignificantly increasedin
patientswhose E/A ratio< 1.30, p<0.01 (E/A£1.30=0.12+
0.03andE/A >1.30=0.1+0.03).

Final anterogradediastolicflow inthepulmonary arte-
ry wasobservedin 19 (63.3%) patients, noneof them belon-
ged to the control group.

Of the clinical variables, only the postoperative
follow-up timewas significantly altered, being longer in
patientswith positive anterograde diastolic flow, p<0.001
(positive anterograde diastolic flow of 85.22+38.88 and
negativeanterogradediastolicflow of 45.45+26.14). Of the
electrocardiographic variables, the QRS complex duration
waslonger in patientswith positive anterograde diastolic
flow, p<0.01 (positive anterograde diastolic flow of
0.13+0.02 and negative anterograde diastolic flow of
0.10+0.04). Thesurgical and radiol ogical variablesdid not
haveastatistical difference.

Inregardtothetricuspid valvevariables, thevelocity
of the A waveand the E/A ratioweresignificantly different
inthe2 subgroups (tab. I11).

Table II — Comparison of the variables of the tricuspid valve between
the 2 groups

Variable Cycle  Group | (n=30) Group Il (n=30) p
Mean + SD Mean + SD
E wave (cm/s) Inspiration 82.4 + 19.6 739+ 174 0.08
Expiration 62.2 +14.5 60 +10.1 0.49

A wave (cm/s) Inspiration 70.5 + 13.9 49 +111 < 0.0001
Expiration 60.4 +12.1 41 + 8.5 < 0.0001

E/A Inspiration 1.2 + 0.3 15+ 04 <0001
Expirationo 1 + 0.2 15+ 0.3 < 00001
DT () Inspiration 0.2+ 0 02+ 0 0.54
Expiration 0.2+ 0 02+ 0 0.40

E/A- relaion between the E wave and the A wave; DT- deceleration time.
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Table III — Comparison of the variables of the tricuspid valve between
the 2 subgroups, with and without restrictive ventricle.

Variable Cycle Subgroup | Subgroup 11 P
+ADF (n=19) ADF (n=11)
Mean + SD Mean + SD
E wave (cm/s) Inspiration 83.7+ 18 80.1+ 228 0.63
Expiration 60.7 + 125 64.6+ 17.8 0.48
A wave (cm/s) Inspiration 66.3+ 12.7 77.9+ 132 <0.05
Expiration 578+ 11.7 649+ 11.8 0.12
E/A Inspiration 1.3+ 03 1 £ 03 <005
Expiration 1.1+ 0.2 1 £ 03 060
DT (s) Inspiration 212.8+ 49.6 204.8+ 58.7  0.69

Expiration 200.9 + 44.8 203.5+ 56.7 0.89

+ ADF — anterograde diastolic flow in the pulmonary artery; - ADF — no
anterograde diastalic flow in the pulmonary artery; E/A — relation between
E wave and A wave; DT — E-wave deceleration time.

Discussion

Alterationsinright ventricular diastolicfunctionwere
observed after total repair of tetralogy of Fallot.

AccordingtoCullenetd 2, thefundamental abnormality
isright ventricular restrictive physiology, characterized, on
Doppler echocardiography, by thepresenceof ananterograde
diastolic pulmonary flow coinciding with atrial systole. Its
prevalencein theliterature rangesfrom 28 to 52%3¢. In our
study, withanintermediate postoperativefollow-up, 63.3% of
the patients had this alteration. The homogeneity of our
sample, withtheuseof atransannular patchinal patients, may
perhapsexplain thishighfrequency. Someauthors*” founda
correlation between this technique and the appearance of
anterogradediastolicflowinthepulmonary artery.

Severa studieshave correlated preoperative and ope-
rativefactorswithrestrictiveright ventricular physiology;
however, asin our study, few relevant datawerefound *°.

Restrictiveright ventricular physiology may relatetoa
process of endomyocardial fibrosisintrinsicto thedisease
itself and intensified astime goes by °, to the ventricul o-
tomy, and totheinterposition of patchesintheinterventri-
cular septum and in theinfundibulum?##, It also seemsto
beinfluenced by immaturity of the right ventricle, which
adaptstotheaggressionsof extracorporeal circulation, car-
dioplegia, and hypothermias112,

Myocardia dysfunctionrelatedto age hasbeeninves
tigated by someauthors. Munkhammar et al © reported that
patientsundergoing surgery later had restrictiveright ven-
tricular physiology morefrequently. Gatzouliset al *found
no correlation of thisalteration with the postoperativetime.

In that study, the postoperative follow-up duration
waslonger in patientswith restrictiveventricle, but age at
surgery showed no significant difference, although it was
greater in patients with restrictive physiology (3.2 years)
thaninthosewith norestriction (2.3years).

Even consdering thesignificant surgical factors®#61112
for determining ventricular restriction, thisstudy, like others?®,
could not demonstratethat rel ation.

Unlike the studies cited *4*, in which patients with
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restrictive physiology had shorter QRS duration and a
lower cardiothoracicratio, inour study, longer QRSduration
and normal cardiothoracic ratio were observed in patients
with restrictiveright ventricular physiology.

Gatzouliset a ™ correlated QRSwidening and thepre-
senceof cardiomegaly with thedegree of pulmonary insuf-
ficiency. They reported that themore severethe pulmonary
insufficiency, thelarger theright ventricular size, aswell as
QRS duration, suggesting that restrictive physiology in
these patientsplaysaprotectiveroleontheright ventricle,
not allowingittoincreaseitssize.

Thediscordancewiththestudiesintheliterature may
perhapsbe explained by sampledifferencesregarding age,
the postoperativefollow-up duration, thedegree of pulmo-
nary insufficiency, and the surgical technique.

The echocardiographic data of the patientsin our
study were compared with those of healthy children. The
velocity of the A waveandtheintegral timeof velocity were
significantly greateringroup I, which, consequently, hada
lower E/A rétio.

In studies carried out with adults 34, abnormal
patterns of |eft ventricular transvalvar flow were defined,
such aspseudonormalization, whichisatransition between
abnormal relaxation and ventricul ar restriction, correspon-
ding to amoderate stage of diastolic dysfunction. Thissi-
tuation usually occursin patientswith high final diastolic
blood pressure, inwhomthediastolic velocitiesarenormal .
The patientsin this study, both in inspiration and expira-
tion, may beclassifiedinthiscategory.

Thelower velocity of the A waveand thegreater E/A
ratiointherestrictivegroup corroborate with theideathat
theright ventricleisreally restrictive, because, if theright
ventricleislesscompliant, it beginstolooseitselagticity, in-
creasing pressureinsideit. Theventricular fillingis, there-
fore, morerapidthan normal, and, on Doppler, thisisseenas
atendency towardsgreater velocity of the E wave. Even if
atrial contractioniseffective, the pressuregenerated by itis
not ableto overcomeventricular pressure, which resultsin
alower A-wavevelocity.

Inthestudy by Cullenet al 2, the E-wavevel ocity and
the E-wave decel eration time were significantly lower in
patients with arestrictive physiology, both in inspiration
and expiration, whilethe A-wavevel ocity showed no diffe-
rence. Theinequalitiesbetween that study and oursmay be
attributed to methodol ogy and sampling.

Inexpiration, no differencewas observed between the
echocardiographic variables of patients with and without
ventricular restriction, in contrast with thesignificant reduc-
tioninthe A wavein patients with restrictive physiology
duringinspiration.

Inconclusion, restrictiveright ventricular physiology
waspresent in most patientsundergoing repair of tetralogy
of Fallot with atransannular patch. It may be atransient
phenomenon of incompl ete adaptation of that ventricleto
volumeand pressure modifications. Postoperativefol low-
up and QRSduration seemtorelatetorestrictiveright ven-
tricular physiology. Further studiesarerequiredfor abetter
understanding of these alterations.
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