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Electrophysiologic Findings After Fontan Repair of Functional

Single Ventricle
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Cardiac arrhythmias are well rtcogmzed sequelae of the Fonlan

ion for eomplex les. In this study the
electrophysiologic effects of the Fontan procedure were evaluated
in 30 patients who underwent cardine catheterization with elec-
trephysiologic study 1.9 = E.J vears (meam = SD) after medified
Fonbmm repair for funciional single veniricle. Abnermalities of
sinus node or ectopic pacemaker aufomaticity were detected im
50% (18 patlents) by determination of a protonged eorrected sinus

inducible infraatrial reentry.

P d atrial siumulation indoced ined sw-
praventricmlar arrhythmias in 10% of the 30 patients and sus-
tained arrhythmias in 27%. Infraatrial reentry was the meost
camann inducible archythmia and was present in seven af the
eight patients with sustained and twe of the three patients with

node or pacemaker recavery fime. Total sinoatrinl

time wes protonged in 50% of the patlents witk normal sinus
rhythm, Sinms moue or ectopic atrial pacemaker function was
entirely normal in only 3% of patients. The predominant atrial
rhythm was normal sinus i 70% and ectopic atrial or junctional
in 30%. Abnormalities of atrial effective and functiona) refraclory
periods were noted in 43% of patients and were most pronounced
at faster paced cycle lengths. Atrial endocardial catheter mapping
revesled intraatrial conduction delays between adjacent sites in
76% of the paticnts tested and in eight of nine patients with

d atrial ar ias. Afri i ian ab-
normulities were noted in 10% (three patients). No patient had
imducibi: 1T ias with p i
stimulation.

The electrophysiologic findings after Fontan repair inclmde
abnormal simus node furction, prolomged atrial refractoriness,
delayed intraatrial conduction and inducible atrial arrhythmias.
The predictive value of iologic testing in this group of
patients is wnknown. Further study and comlinued clinical fol-
low-up ate essential to determine which patients will be at risk far
the development of late life-threatening archythmias.

(I Am Coll Cardial 1991,17:174-81)

Cardiac arrhythmias arc well recogmzed sequelac ul' 1he
Fontan aperation Tor complex congenital cardiac

Reported abnormalities include sinus node dysfungtion,
atrioveniricular (AV) block, ectopic atrial rhythm, acceler-
ated j ional rhythm, icular tachycardia and
ventricular arrhythmia (1-8] Supraventricular 1achycardia
with rapid ventricular response may be associaied with
compromised cardiac output and a contributory cuuse of
death (9,100, especially in the perioperative peviod (2,11-13),
Reported risk factors for the development of supraventricu-
lar 1achycardia after Fonatan repair have included P wave
abnarmalities on the preoperafive electrocardiogram (ECG),
clevated pulmonary artery pressure, right atria| enlargement
amd low aortic vxypen saturation (11,14}, Vemricular ar-
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rhyinmias have been described after this repair (1,2,4,8,
15,16). Sudden death. presumed to be secondary to arrhyth-
mias, has begn reported Gneidence Tale 3% in large series)
(7,17-19).

In this study we describe the electrophysiologic findings
in 3¢ patients who underwent the Fontan procedure for
repair of functianal single ventricle.

Methods

Stutly patients. The stody group included 30 patients who
underwent elecirophysiclogic study between Octaber 1984
and December 1988 at the Children's Hospital of Philadel
phia after modified Fontan repair; 20 patients were male and
10 female. The age at surgery ranged {from 1.7 w 17.7 years
{mean + SD 7.2 & 4.1, median 64). Electrophysiologic
smdiss were performed 7 months ta 6.2 years aftet surgery
(mean 1.9 + 1.3 years). The cardiac anstomy before opera-
tion included tricuspid atresia in 11 patients, single left
ventricle in 6, beterotaxy syndrome in 3, mitral atresia in 3,
smgle right ven!ncle in 2 and o(her complex lesions in 3.

Preop and p ar ias, Four pa-
tients had preuperauve arrhylhmus‘ cnmplela congenital
heart block in one patient, frequent ventricular premature
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beats in 1wo patients and atrial flnter in one patient. Five
patieats had early (<14 days) postoperative arthythmias:
preexisting complete heart block in one patient and new
arrhythmias in four patieats. iacluding supravenrricular
tachycardia in two, atrial flutter in one patient and ventric-
ular tachycardia associated with a periapcrative myocardial
infarction in one. Eight patiznts had Tate { > 14 days) postop-
erative arthythmias: persistence or recurrence of preopera-
tive arrhythmias in three paticnts, including complete heart
block in one patient, freyuent venticular premature beats in
on¢ and atrial flutter in one, new late postoperative arthyth-
mias occurred in five patients, including sup-aventricular
tuchycardia in two and awrial Rutter in three. Nine patiems
(30%) had new early or late pusluperative arrhythmias.

Surgical procedures. Twenty-seven patients had correc-
tive surgery ur a palfimive proceduwre hefore the Fontan
repair. Forty-three procedures were performed, including a
systemic 1o pulmonary artery shumt in 20 paticats, atrial
septostemy or septectorry in 13, pulmonary artery banding
in 7, coarctativn repair in  patient, the Rastelli procedure in
1 and Norwood palliation fer hypoplastic left heart syn-
drome in 1.

Five basic modifications of the Fontan repoir were uti-
fized and varied according 10 the preoperative anatomy. In
28 of the 30 patients the Fontan procedure was performed by
the same surgeon; in 2, the operation was performed at other
institwtions. Modifications included direct anastomosis of
the right atrium 1o the right pulmonary artery in 11 patients,
intraatrial Gore-Tex baffle of the systemic venous retum
from the inferior vena cava to the junction of the superior
vena cavafight atriom-right pulmonary artery anasiomosis
in 1, intrastrial tube condvit from the inferier vena cava to
the superier vena cava-right pulmanary artery connection in
1, conduit from the right atium (o the right ventricular
outflow tractin 2, direct connection of the righi atrium to the
right ventricular outflow tract in 2 and intraatrial Gore-Tex
baffie of the pulmonary venous return to the right atrioven-
tricular (AY) valve in 1.

Electrophysictogic studies. Elcctrophysiologic studics
were performed at the time of scheduled postoperative
cardiac catheterization in 2% patieats. Five additionnl pa-
tients were studied specifically {ur evaluation of recurrent or
symptomatic arthythmias noted 11 to 74 mouths (mean
34.8 = 26.6, melian 31) after surgery. Twenty ul the patients
were receiving digoxin at the time of evaluation; arrhythmia
was the primary indication for initiation of digoxin therapy in
sgven patients, including all five patiems studied for recur-
renl arrhythmias and two patients whose arrhyihmia was
adequately controlled with this drug. Two patients with
recurrent arrhythmias were receiving quinidine or prapran-
alol in addition to digexin.

Written informed consent was obtained from all patients
and the study pretocel was approved by the institutional
review board of our hospiial. Flectrophysiologic studies
were performed with patients in the sedated. postabsorptive
state after admini bi of oral meperi-

ration of a
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dine (3 mg'kg body weight) and pentobacbital (4 mp/kg) or
intramuscular morphine salfate (.15 mgfkg) and pentobar.
bital 14 mpfke) according to our previously described meth-
ads (20).

Electrophysielogic study protocot. The following protocol
was used to evalyate study patients: ) basal recordings of
the spontanceus cycle length, AH and HV intervals; 2} atrial
paemg at multiple cycle lengths from 600 10 250 ms; 3p single
premature atrial slimulztion duning basal rhythm and 1wo
paced cycle iengths; 41 double premarure atrial stimulation at
one paced cycle length; 5) triple premature atrial stimulation
at onc paced cy¢le length if there was a clinical history of
arrhythmia bit ne arrhythmia was induced by steps 2,3 and
4. &) ventricular pacing at multiple cycle lengths from 600 10
250 ms: 7 single and double premature ventricular stimula-
tion at two paced cycle lengths; and 8) catheter eadocardial
mapping of the right atrium dusing basal and induced
rhythms.

Endocardial catheter mapping. Cathetet ¢ndocardial
mapping was used 10 determine atrial activation sequences
and intraatrial coaduction intervals. Right atrial recordings
were obtained with an exploring elecirade catheler pusi-
tioned at six sites (high right atrium, mid-lateral. low lateral
and low medial right atrium, interatrial septum and AV
junction). Either the onset of the P wave on the surface ECG
or a stable electrogram was used as the reference. The
earliest site of activation was considered to be the origin of
the rhythm. Sinus rhythm was defined as an atrial thythm
with earliest activation in either the high or the mid-laterat
right atrivm near the onsgt of the surface P wave; eclopic
atrial rnythm was defined as an carliest activerion site other
than the high or mid-fateral right alrivm. Junctional rhythm
was defined as a rhythm with earliest activation in the His
bundle or ventricle followed by or not associatcd with atrial
activation.

Electrocardiographic data. An ECG was obtained on the
day before the electrophysiologic study and analyzed. Twen-
ty-four hour Holler ECG recordings were oblaingd in 27 of
the 30 patients within 1 day of electrophysiologic study.

Statistical analysis, All data are expressed as mean values
= 8D. The unpaired two-tailed Student’s # lest was used o
cumpare grouped dala. Statistical significance was defined as
p = 0.05.

Results

Cardlac eatheterization, Standard hemodynamic and angio-
graphic cardiac catheterization studies were performed in all 30
pafients {Table 1), Right atrial pressure was =7 mm Hg in all
patients and 214 mm Hg in 13 patients. A gradient of 2 to
3 mm Hg across the right atrium to the pulmonary artery
anastomosis was present in seven patients. No patient had
significant residual intracardiac shumeing, although six patients
had a small residual interatrial baffle (eak. Ope patient with a
clinical history of perioperative myocardial infarction had
angiographic evidence of left ventricular dysfunction. One
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Table 1. Cardiae Cathcterization Dats in 30 Patients After
Foillan Repair

Mean 3D Range
Avrlic 0y valuration {%) w5 27 81097
End-diastclic pressare (mm Hg) 73 9 2013
Cardinc index dliters/min per m* 235 0.5 20036
Right atrial pressure (mm He) 133 14 Tull
Gradien! fram nght atrium w 0y o 03

pulmenary artery (mm Hg)

patient, with L.transposition of the grear arteries, ventricular
inversior and single left ventricle had a resirictive buthoven-
tricular foramen. No other patient had any significant hemody-
namic abrormality that necessitated additional suracry.

Electrocardiographic results, Twenty-two patients (73%])
had normal sinus rhythm and 6 (20%) had an ectopic atrial
rhythm with a P wave axis >20° or <{°. Two paticnts had
junctional rhythm with P waves following the QRS com-
plexes and one patient had junctional rhythm altermating
with an ectopic atrial thythm. Atrioventricular conduction
disturbances included first degree AV block in 11 patients,
first and second degree AV black in 1 patient and complete
heart block that was present preoperatively in 1 patient. No
patient had tachyarrhythmias on a routine rest ECG.

Helter ECG evaluation. OF the 27 Holter recordings ana-
lyzed, the predominant thythm was normal smus in 17,
normal sinus rhythm alternating with an ectopic atrial
thythm in 4, sinus thythm alternating with junctional rhythm
in 3, ectopic atrial rhythm in 1, ectopic atrz rhythm
alternating with junetional thythm in 1 and juncticnal thythm
in 1. Eight patients (mean age 10.6 = 4.6 years) had a
minimal heart rate =50 beats/min; only two of these palients
were teenagers. A 2 s pause was seen in one tracing.
Atrioventricelar conduction abnormalities were noted in
theee patients: first and sccond degree AV block in two
patients and completc heart block in one patient. Supraven-
tricular tachycardia was present in three patients, one of
whom had findings suggzstive of an automatic atrial tachy-
cardia; in the other two, the mechanism of the supraventzic-
ular tachycardia could not be determined. Five patients had
ventricular ectopic complexes; one patient had >4{0 single
prematerc ventricular complexes/tt, three patients had rare
ventricular couplets with coupling iniervals from 260 10 580
ms and onc paticnt had cight episedes of torsade de peintes
determined to be quinidine related,

Atrial activation during electrophysiotngic study. Three to
10 surface ECGs were recorded in all patients during elec-
1rophysiologic study. The predominant atrial rhythm was
sinus in 21 patients (70%) ard ectopic atrial in 9 (30%), The
origin of the rhiythm was confirmed by catheier endocardial
mapping in the 25 patients whose type of surgical repair
allowed this technique to be utilized. By catheter endogar-
dial mapping, 17 patients (68%) had sinus rhythm and 8
(32%) had ectopic atrial rhythm from the low medial right
atrium (n = 4) (Fig. 1), the low lateral right atrium (n = 3}
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Figure 1. Analog data from which the right ctrial activation map was
constructed. Electrocardiographic leads I, aVF, V, and V, are
shown with intracardiac electrograms from the low medial right
atrium (LMRA), residual atrial (At) septum, low lateral right atrium
(LLRA), high right atrium (HRA), midlateral right atrium (MLRA),
proximal right ventricular apex (RVA 3,4), distal right ventricular
apex (RVA 1,2) and 10 ms time Jines (TL), The site of origin of the
rhythm, indicated by the dashed vertical line, is the fow medial right
atrium.

aliu the right atrial-right pulmonary artery junction (n = 1).
The patient shown in Figure 1 had an ectopic atrinl thythm
wilh a 75 ms intraatrial conduction delay between the low
lateral and low medial right atrivm.

Endocardial catheter ing was in three of the
five palients with heterotaxis syndrome; all three patients
had an ectopic atrial pacemaker with earliest atrial activation
in the low lateral right atrium in one, low medial right atrivm
in on¢ and right atrial-pulmonary artery junction in one. The
surface P wave axis was used in the other iwo patients with
heterotaxis syndrome to determine the origin of the atrial
rhythm. As assessed by ECG criteria, one of these patients
had normal sinus rhythm and the other a low right atrial
rhythm. Therefore, of the five patients with heterotaxis
syndrome, four had an ectopic atrial rhythm,

A marked infraairial conduction delay between adjacent
sites, as comparcd with normal values in our laboratory, was
noted in 19 (76%) of the 25 patients in whom atrial maps were
obtained. Comparison uof the mean atrial activation limes in
the 17 paticnts with sinus rhythm with values in 20 normal
children (Fig. 2) showeul delayed activation of multiple atrial
sites.

Sinus node and ectopic atrial pacemaker fumction. The
function of the sinus node or ectopic atrial pacemaker was

| d ious} it hods (21-24). The

by pr y d
mean cycle length of patients with sinus rhythm was 733 =
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Figure 2. Left, Mcan right atrial (RA) activation times {in ms} in 17
patients with normal sinus chythm after Fontan repair. Right, Mean
atrial activation times in 20 normal patients without stakcrural heant
disgase. Activation of the low lateral right atrium (p < 0.05).
atripventricalar junction {p < 0,05) and low medial right etrium (p <
0.805) s delyed in the postaperative pativnis when compared with
that i the nIoFMa] group.

120 ms versus 779 253 ms in patients with ectop’c atrial
rhythm (p = NS). Three of nine patients with ectopic atrial
rhythm also had periods of junctional escape rhythm. Brady-
cardia for age with cycle lengihs at rest of 1,180 and 1,200 ms
was present in two patients (aged 7.4 and 4.9 years, respec-
tively); both patients had an ectopic atrial rhythm, suggest-
ing an escape mechanism.

The electrophysiologic tests of sinus nade or ectopic
arril pacemaker function included: 1) corrected sinus nede
or cctopic atrial pacemaker recovery time; 2) ratio of sinus
node recovery time to sinus cycle length or ratio of ectopic
atrial pacemaker recovery time 1o ectopic atrial cycle length;
and 3) total sinoatrial conduction time (Fig. 3). Of 21 patients
with sinus thythm during electrophysiologic testing, 11
{32%) had a prolonged cormrested sinus node recovery time
(>-275 ms) and 5 (24%) had an abnormal ratic of sinus node
recovery time to sinus cycle length of >150%. The mean
correcied sinus nede recovery iime in the 11 abnormal
studies was 441 % 182 ms and the mean ratio of sinus node
recovery time to cycle length in the § abnormal siudies was
170% * 22%. Tofal sincatrial conduction time, as deter-
tnined by cither the method of Strauss ct al, (23) or Narula et
8, (24) in 20 patiems with normal sinus rhythm, was pro-
longed to =200 ms in 10 (50%}. In the L0 patients with an
abnormal sincatrial conduction time the mean value was 267
+ 111 ms. Of uine patichts with ectopic atrial thythm, four

Mid-Lateral —
RA

Low-Lateral
RA ~
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Low-Medial
RA

(44%) had a corrected pacemaker fecovery time greater than
that expected for the sinus node (>275 ms) and three (33%)
had a ratio of pacemaker recovery time to cycle length
>150%. The comrceted pacemaker recovery time >275 ms in
the four studies ranged from 320 10 5,380 ms (median 460)
ard the mean ratio of pacemaker recovery time 1o cycle
length >150% in the three studies was 255% = 1753%.
Abnormalitics of sirus node conduction ar automaticity
were detected in 17 patients (57%). Therefore, sinus or
ectopic atrial pacemaker function was entircly within the
normal limits expected for the sinus node by electrophysio-
logic testing in only 13 patients (43%). However, to date no
study patient has developed sinus node dysfunction of such

Figure 3, Frequency. after Fontan repair, of abrermalities of cor-
rected singy node recovery time (CSNRT), the ratio of sinus node
recovery time to cycle langth (SNRT : CL), tolal sinoutrial conduc-
tien time (SACT), comected pacemaker recovery time {CPRT) and
the rativ of pacemaker recovery time (o ¢ycle length (FRT : CL),

LA

52%

Abnormal

0
CSNRT SNRT:CL SACT
>275ms  >150%  >200ms

CPRT PRT:CL
=275ms  >150%
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7 B ERP
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% Abnormal

CL 400ms

BR CL 600ms

Figure 4. Frequency, after Fontan repair, of abnommalities of atrial
effective (ERP) and functional (FRP} refractory periods during basal
rhythm (BR) and at paced cycle lengths (CL) of 600 and 400 ms.
Note the increased frequency of abnormalitics a1 the shorier paced
cycle length of 400 ms.

clinical severity to require pacemaker i JOR OVET 4
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Sustained supraventricular arrhythmias were reproduc-
hiy induced I eight other paticris by programmed eleciri-
cal siimulation. Intraatrial reentry with the ECG appearance
of atrial flutter but with a cycle length of 200 ta 410 ms {mzan
262 = 70, median 250) was induced in seven patients.
Detayed intraatrial conduction was present in six of these
seven patients. In one additional patient inducible sustained
AYV reciprocating tachycardia occurred by way of a con-
cealed posteroseptal bypass tract. Five patients with indue-
ible sustained tachycardia had a clinical history of this
arthythmia before the electrophysiologic study.

Patients studied for evaluation of recurrent supravestricu-
lar 1achycardia. Before electrophysiclogic study, nine pa-
tients (39%%) had a clinical history of previous supraventric-
uvlar 1achycardia (n = 4) or atrial flutter (n = 5). In 5 patients
spevilicatly studied for evaluation of sweh recorrent or
symptomatic arrhythmia the arrhythmia was induced in the
electrophysiologie laboratory and was sustaincd in four of
the five patients. Of four patients with a climical history of

mean postoperative follow-up period of 4.4 = 1.9 years.

Afrial electrophysiologic function. Atriai effective and
functional refractory periods were determined in the study
patients and compared with previously reported normal
values in children (25). Atriat effective refractory pericds
were determined in 24 patients during their basal shythm, No
patient had an abnormal effective refructory period during
basal rhythm or at a paced cycle length of 600 ms. Ata paced
cycle lenpth of 400 ms, 10 (36%) of the 28 patients had a
prolonged effective refractory period. The funclional effec-
tive refl y period was p ged in § (2192) nf 24 patients
during basal rhythm. in 1 (4.5%) of 22 palients al 4 cycle
length of 600 ms and in 12 (43%) of 28 patients al a paced
cycle length of 400 ms (Fig. 4). Abnormalities of atrial
refractoriness were most common at the shortest paced
cycle length of 400 ms.

The normal electrophysiologic response of the altia dur-
ing pacing is shortening of the atrial refractory period at
shorter paced cycle lengths. In 3 (10%) of the 30 patients,
this response was reversed, with prolongation of the refrac-
tory period at shorter cycle jengths.

Atrial arrhythmias occurred in 11 patients in response to
prog d electrical sti ion. Three patients devel-
oped nonsustained atrial arrhythmia lasting three to eight
beats in response 10 double premature atrial stimulation. Of
these three patients, two had nonsustained intraatrial reentry
(cycle lengths 210 and 220 ms with the ECG appearance of
atrial flutter) and one patient had supraveatricular tachycar-
dia from an undetermined mechanism. The two patients with
nonsustained intraatrial reentry alse had delayed intraatrial
conduction, Two of the three patients with nonsustained
inducible atrial arrhythmia had a clinical history of ined

J ricular 1achycardia (n = 3) or atrial flutter (@ = 1)
who were asymptomatic while receiving digoxin, 1wo had
induction of this same arrhythmia by programmed electric
slimulation and two had no arrhythmia induced during drug
therapy. Of the 21 patients without a prior history of
supraventricular arthythmia, three (14%) had inducible in-
{raatrial reentry with programmed siimulation. To date,
nane of these three patients have developed clinical arrhyth-
mia 2.5, 3.5 and 4.5 vears, respectively, after electrophysi-
ologic study.

Atrioventricular wode and His=Purkinje function. The AH
ond BV intervals were reccrded in 11 pavients; 1 of the 11
had a prolonged AH interval (120 ms); 1 had a prolonged
RV interval (>55 ms) and | had prolongation of both AH and
HV intervals. The paced cycle length producing anterograde
AV block was abnormal (>>450 ms) in two patients. Gne
additional patient had complete heart block that was present
preoperatively. Ventriculoatrial (VA) conduction was
present in 15 of 1he 20 patients whe had ventricular siimu-
lation. En these patients the paced cycle length producing
retrograde VA bluck was 367 * 129 ms.

Ventricular electrop jon. P d
ventriculor stimulation was used to evaluale ventricular
etecirophysiologic function in 20 patients. No patient devel-
oped sustained ventricular arrhythmia. Four patients had
single repetitive ventricular r two of these four had
intraventricular reentry and two had bundle branch reentry.
One of the patients with intraventricular reentry had fre-
quent (441 beatsh) prematuce ventricular complexes on
Holter analysis.

Hemodynamic-clectrophysiclogie correlates. The mean
right atrial pressure in patisnts with sinus node or ctopic

supraventricular tachycardia or atrial flutter before electro-
physiologic testing and were taking digoxin at the time of
study; their use of this drug may explain the nonsustained
nature of the induced tachycardias.

arrial p ker dysfunction by electrophysielogic testing
was 14.0 £ 3.8 mm Hg compared with 12.3 2.9 mm Hg in
paticnts with normal function (p = NS). Similarly, the mean
right atrial pressure in patients with abnormalities of atrial
refractoniness was not statistically different from that of
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patients with normal atrial refractoriness (12.7 + 2.7 mm Hg
compared with 13.2 = 4.2 mm Hg). However, the mean
cardiac index of patients with veatnicular ectopic rhythm
either on Holter monitaring or by elcctirphysiologic testing
was significantly lower than in patients willout ventricular
ectopic complexes (2.0 + 1.0 versus 2.6 = 0.5 liters/min
per m?) {p = 0.05). Other hemodynamic variables snch as
ventricular end-diastolic pressure, aortic saturation and right
atrial pressure were not statistically different between the
groups of patiems willh and withour ventricular ectopic
complexes.

Discussion

Little efectrophysiologic information has becn reportcd
previously in patients following Fontan repair. Our study
found electeophysiologic abnormatisies including sinus node
dysfunction, atrioventricular black, prolongation of atrial
refractoriness, delayed intranirial conduction and inducible
atrial and supraventricular arrhythmias,

Abnormalities of sinus node function after Fontan repair.
Although they were detected in 57% of our 30 patients by
electrophysiologic testing, clinical sinus node disease was
mild 1o moderate in severity. This observation may be a
function of the timing of the electraphysiologic studies
because clinical sinus rode dysfunction may be a late
progressive occurrence, which has been seen after other
types of atrial surgery, such as the Mustard repair for
transpaosition of the great arteries and repair of atrial septal
defects (26~-29). During the Fontan repair, extensive surgery
is performed in the perinodal region, which may result in
direct intraoperative damage io the sinus node or in progres-
sive scarring along suture lines with late occurrencs of sinus
node dysfunction. The mild 10 moderate sinus node abnor-
malities detected by electrophysiologic Lesting in our pa-
tients may be an carly warning of fisre clinical problems.
Because the prediciive value of sinus node testing in this
group of patients is currenily unknown, tluse clinical fol-
low-up is indicated to determine which patients, if any, will
develop clinically significant sinus nodc disease.

Abnormalities of airinl refractoriness and conduetion after
Fontan repair. Delayed intraatrial conduction. described in
patients after the Musward repair for transposition af 1he
great arteries, has been relaied w interruption of imernodal
conduction pathways or 10 extensive scarring in the atrium
at suture lines (30-32). Exicnsive intraatrial surgery is
performed during the Fontan repair. Intraoperative interrup-
tion of normal conduction pathways may sccur, as well as
progressive scarring along suture lines, possibly altering the
anisotrapic properties of the atrial tissue. The diiayed con-
duction 1o the AY junction, and low lateral and low medial
regions of the right airium after Fontan repair corresponds to
the inferior aspect of the intraatrial baffle and is an area
predictably affected by this surgical procedure.

Alterations in postoperative hemodynamics, especially
right atrial hypertension that is uniformly preseat after
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Fonlan repair, may produce prolongation of the atrial refrac-
tory period. Elevated right atrial pressure, which has been
shawn 16 prolong ihe atrial refraciory period in an experi-
mental mode! (33), may provide a hemodynamic rubstrate
for sbnurmalities of atrial refractoriness noted in some
oatients after Fontan repair.

Reemirant supravestricular tachycardias. Although su-
praventricular tachycardia has been reported to ovcur fre-
quently after Fontan repair, our study has indicated that
jaraatrial reentry is the most common mechanism of this
supraventricular tachycardia. Prolonged atrial conduction
and right atrial enlargement have been reported 10 increase
the incidence of atrial flutter in clinical and experimental
moiels (34,33% The combination of prolonged atrial conduc-
lion and right atgal enlargement, whick is common after
Funtan repair. may increase the probability that reentrant
atrial arrhythmias will develop.

The electrophtysiologic sub for the develop of
reenteant tackycardins are dispersion of refractoriness, ar-
eas of slowed conduction with unidirectional block and
either an anatomic or a functional circuit. In our study,
abnormalities of atrial refractoriness were more frequently
noted at the faster paced cycle lengths. Although multiple
sites were not tested to determine if dispersion of atrial
refractoriness was present, under clinical conditions that
incraase the heart rate it is possible that affected regions may
develop a prolonged atrial refractory period providing areas
of slowed conduction and unidirectional block with subse-
quent development of reentrant arrhythmias.

Comparison of Foatan sad Mustard surgical procedures.
The electrophysiclogic findings after Fontan repair are sim-
itar ta those reported alter Mustard repair for transposition
of the great arteri¢s. These abnormalities include sinus node
dysfunction, delayed intraatrial conduction, abnormalities of
alrial relracloriness and the p ity 1o develop
atrial arrhythmias (31,32,36). Sinus node dysfunction, as
detecied by electrophysiologic testing in patients after Mus-
tard repair, has been reported (36) to eccur in up to 86% of
patients studied, with severe dysfunction present in 27%. In
our posioperative patients after Fontan repair, the incidence
of sinus nede dysfunction was lower (57%) and no patient
cxhibited severe sinus node dysfunction. The explanation
for these diferences may selate to the more extensive
surgery in the perinodal area required by the Mustard
operation, as well as timing of postoperative electrophysio-
1ogiz testing. Amaong patients after Mustard repair a higher
incidencs of severe sinus node dvsfunction has been found in
patients with than in patients without inducible aidal ar-
rhythmias. Because none of aur patients with Fontan repair
fi2d severe sious node disease, I.hlS assocmwn was not seen
in our study. Delayed i jally 10
the low right atrial sites. was nated in 76% of our patients
compared with 90% of postoperative patients with Mustard
repair (32).

In both surgical procedures suture lines present in the low
right atrium result in scar formation and potential arcas of
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anisulropy. explaining resultant delays in intraatrial conduc-
tion 1o these sites. Abnormalitics of atrial refracioriness are
less common after Mustard repair (31.36) than after Fontan
repair (25 to 20% versus 43%). This difference may be due
1o the slternd hemodyramics afler Fontan repair; specifi-
cally, right atrial hypertension may resull in prolongation of
the atrial refraclory period and be responsible for the greater
frequency of this electrophysiologic abnormality after the
Fontan procedure. Finaily, the similar combination of de-
layed intraairial conduction and abnormalities of atrial re-
fractoriness with resultant unidirectional block may provide
the electrophysialogic substrates for the development of
reentrant atrial arrhythmias noted after both procedures.

Prevention of postoperative arrhythmias. To date, th
optimal surgical approach for avoidance of postcperative
arshythmias after Fontan repair has not been determined.
Modifications of the procedure have been reported to dimin-
ish the frequency of such arthythmias but have not abolizhed
them (37.38). In our series none of the different surgical
procedures were associated with a greater or lesser inci-
dence of arrhythmias; however, the number of patients in
each proup was too small to reach statistical significance.

Role of digoxin and other medicatlons. Although cardiac
miedications were taken at the time of electrophysiologic
testing by 20 of *he 30 p=*ients in our study, the presence of
digoxin was not associated with any cansistent abnormality
of automaticity, conduction or refracioriness and similar
arrhythmias developed in patients receiving and not receiv-
ing medications. Although it cannot be determined whether
these medications prevented induction of arrhythmias, they
did not appear (0 be responsible for any of the electrophys-
iologic abnermalitics noted.

Predictive value of eleetrophysiolagic testing. The predie-
tive value of electrophysiologic testing is in pa-
tients after Fontan repair. In a large series of paticnts who
underwent Mustard repair for transposition ef the great
arteries (36), 35% of those with clinical episodes of atrial
flutter had the arthythmia documented first in the ¢lectro-
physiologic laboratory with subsequent development of the
spontansous clinical arrhythmia, Alihough the electrophys-
inlogic effects after surgery would be expected to be similar
in patients afier Fontan repair, continued surveillance is
necessary to determine which patients will develop clinically
significant arrhythmia.
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