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Fontan Operation and the Cavopulmonary Technique.
Immediate and Late Results According to the Presence of
Atrial Fenestration
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Objective - To compare immediate and late results in
patients with or without fenestration who underwent cavo-
pulmonary anastomosis so that we could assess the effici-
ency of the technique.

Methods - Sixty-two patients underwent surgery
between 1988 and 1999, 41 with fenestration (group I -G I)
and 21 without fenestration (group I1 -G Il). Tricuspid atre-
siawas prevalent in group I (23-56%) and single ventricle
was prevalent in group 11 (14-66%). Mean ages at the time
of operation were 7.3 years in group I and 7.6 in group II.
At late follow-up, mean ages were 10.6 years in group [
and 12.8 years in group I1.

Results - Immediate and late mortality were 7.3% in G-1
and 4.7% in G-11. Significant pleural effusion occurred in
41.4% of G-I patients andin 23.8% of G-Il patients. Significant
pericardial effusion occurred in 29.2% and 14.2%, respecti-
vely, ingroups I and II. Central venous pressure was greater in
G-1I, 17.7 cm in H O, as opposedto 15 cmin G-I. Hospital stay
was similar between the groups, 26.3 and 21.8 days, respec-
tively. Cyanosis and arterial insaturation occurred in 5 pa-
tients, and 4 patients were in functional class I, all from G-1. At
latefollow-up, 58 (93.5%) werein functional class 1. Sinus rhy-
thmwas present in 94%, and pulmonary perfusion was similar
in both groups. Eleven patients who underwent spirometry
had good tolerance to physical effort.

Conclusion - Atrial fenestration did not improve the
immediate or late follow-up of patients who underwent ca-
vopulmonary anastomosis, and is, therefore, dispensable.
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Cavopulmonary anastomosis became the most com-
mon alternativeto the Fontan operationfor correcting car-
diopathiesthat cannot be treated anatomically, especially
tricuspid atresiaand singleventricle®®.

Other technical modifications seem to haveimproved
immediate resultswith atrial fenestration “and lateresults
with the placement of extracardiac tubes®, rather thanwith
anintraatria tunnel.

A better long-termfoll ow-up of thiscorrectiveoperation
isalso associated with an earlier interventionintheabsence
of factorsthat favor greater ventricular dysfunction®.

Aiming at proving such findings, we compared early
and late resultsin patientswho underwent thistechnique,
withor without fenestration, primarily sothat wecoul d esti-
matetheefficiency of thisaction.

Methods

Sixty-two patients underwent total cavopulmonary
anagomosishetween August 23, 1988 and December 1, 1999
at the Instituto do Coracdo (InCor) (Heart Institute) of the
Hospital dasClinicasof the FMUSP (University of Sdo Pau-
[0). Thirty (48.3%) weremdeand 32 (51.6%) werefemae.

Regarding congenital heart anomalies(tab. 1), 26 pati-
entshadtricuspid atresia, 23 with atria fenestration. Twen-
ty-fivepatientshad singleventricle (right typein 9 and | eft
typein 16), and, of thesepatients, 11 had atrial fenestration.
Eleven patients had other congenital anomalies, 7 with
atrial fenestration. Four patientsof this11 had doubleoutl et
right ventricle. Two patientshad transposition of the great
arterieswith ventricul ar septal defect and hypoplasiaof the
right ventricle. Corrected transposition of thegreat arteries
with left ventricle hypoplasiawas present in 3 patients.
Ebstein anomaly was present in 1 patient and atrioven-
tricular septal defect with right ventricle hypoplasiawas
presentin 1 patient.

Dextrocardiaoccurredin’5 (8%) of the62 patients, 4with
situs solitus and one with situsinversus. Associated car-
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diac abnormalitieswere corrected transposition of thegreat
arteriesin 1, transposition of thegreat arteriesin 1, tricuspid
atresiain 1 and single ventriclein 2 patients. Levocardia
and situsinversuswerepresent in 2 patients (3.2%), 1 with
corrected transposition of the great arteries and the other
withsingleventricle.

Absenceof theleft atrioventricular connection occur-
redin4 (6.4%) of the 62 patients, 3withleft ventricular pre-
valenceand 1 with right ventricular prevalence. Asplenia
occurredin 1 patient with right singleventricle.

All abnormalities were divided into 2 groups: those
with atria fenestration (group | —41 cases) and those wi-
thout (group I - 21 cases).

Previous Blalock-Taussig surgery was prevaent in
patients with tricuspid atresia (17 of 26 patients) and in
group | (21 of 41 patients). Pulmonary arterial banding was
prevalent in patientswith single ventricle (8 of 25) andin
group 1 (50of 21). Seven patientsunderwent previousbidi-
rectional Glennanastomosis, 5 of themwith singleventricle
and5werefromgroup|.

M ean age at thetime of operation wassimilar in both
groups, 7.37+3.48 yearsin group | and 7.6+4.63 yearsin
group |1, and long-term mean agewasgreater ingroup 1,
12.8+4.64years,and 10.6+5.03yearsingroup .

In 15 patients (11 of group ), an extracardiac conduit
of plicate pericardiumwas placed between theinferior vena
cavaandtheright pulmonary artery (tab. I).

Thefollowing wereeva uated in both groups: morta-
lity, immediateand late congestiveevents, cyanosis, arterial
insaturation, long-term functional class, pulmonary perfu-
sion, and physical activity.

All resultswere expressed in mean + standard devia-
tion. Variableswere compared using Fischer’ s exact test,
with P < 0.05 considered significant. However, theresults
had no statistical significance, so we decided just to men-
tionthem according to the percentage found.

Results

Two patients(3.2%) fromgroup| diedimmediately, one
with tricuspid atresia and the other with single ventricle.
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Two patients(3.3%) died 1 year after the operation, 1 from
each group, bothwithsingleventricle. Deathinthese4 pa-
tientswasdueto cardiac failure and congestive events cau-
sed by significant pleural and pericardial effusion (tab. I). All
of them had had previous palliative operations and their
ageswere7 yearsand 10 monthsand 21 years(the 2 patients
who diedimmediately) and 5 yearsand 1 monthand 8 years
and 3monthsinthe2 patientswho died after 1 year.

Significant pleural effusion occurredin 17 (41.4%)
group | patientsandin 5 (23.8%) group | patients. Pericar-
dial effusion, asosignificant, occurredin 12 (29.2%) group
| patients andin 3 (14.2%) group | patients.

Ninegroup| patients(21.9%) and 10 group || patients
(47.6%) did not havepleura effusion. Mild pleural effusion
occurred in 13 (31.7%) group | patientsand in 5 (23.8%)
group |1 patients. No pericardial effusion occurredin 21
(51.2%) group | patientsandin 17 (80.9%) group |1 patients.

Serosal volumeeffusion did not differ in the congeni-
tal cardiacanomalies(tab. I1).

Theoccurrenceof effusionwassignificantin patients
undergoing previouspalliative procedures, such asBlal ock-
Taussig, bidirectiona Glennanastomosis, or pulmonary ar-
terial band, when compared with the absence of such
procedures(fig. 1).

Postoperative hospital stay duration was not signifi-
cantly different between thegroups. It was26.2+22 daysin
groupl, withavariation of 7to 103 daysand 21.8+14 daysin
groupll, rangingfrom7to 52 days(tab. I1).

Central venous pressure was slightly higher in the
first 3 postoperative daysin the group of patients without
fenegtration (mean 17.7cmH, O compared with 14.3cmH_O
intheother group). Arterial oxygen saturationwas95 and
91%, respectively, inboth groups(fig. 2).

Of 62 patientsstudied, 57 (91.9 %) wereinfunctional
class| and 5wereinfunctional classll. At latefollow-up,
cyanosisand arterial oxygeninsaturation occurredin5 pa-
tients, al fromgroupl, 4 patientshad tricuspid atresiaand 1
patient had singleventricle. Of 5 patients with functional
classll, 4werefromgroupll, 2 of thesehad tricuspid atresia
and2hadsingleventricle(tab. I11).

Table I - Previous operation, age at the time of cavopulmonary technique and during follow-up, types of operation performed and mortality in relation to
anatomy with and without atrial fenestration.

Diagnosis N Previous Operation Age Atria Tunnel Ext tube Desath
Blalock Glenn  Banding Oper FU Fen Nfen Fen Nfen I L

Tricuspid atresia 26 17 2 1 16 3 7 -

Fenestrated 23 16 2 1 6.65 8.86 1

Nonfenestrated 3 1 - - 10.1 17.66

Single ventricle 25 5 5 8 7 10 4 4

Fenestrated 11 1 3 3 10.35 12.7 1 1

Nonfenestrated 14 4 2 5 7.6 11.8 -1

Others 11 5 - 2 7 4 - -

Fenestrated 7 4 2 10.2 12.8

Nonfenestrated 4 1 - 8.0 13.7

Totd 62 27 7 11 2 2

Fenestrated 41 21 5 6 7.6 10.6 2 1

Nonfenestrated 21 6 2 5 7.3 12.8 -1

Oper - operation; FU - follow-up; Fen - fenestrated; Nfen - nonfenestrated; | - immediately; L - late
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Table II - Levels of pleural and pericardial effusion, duration of hospital stay related to anatomical types, with and without fenestration
Diagnosis N Pleural effusion Pericardial effusion Duration of hospital stay (days)
No Mild  Significant No Mild Significant
Tricuspid atresia 26 11 5 10 14 4 8
Fenestrated 23 8 5 10 11 4 8 25.1 (7-103)
Nonfenestrated 3 3 - - 3 - - 14 (13-16)
Single ventricle 25 6 9 8 17 3 4
Fenestrated 11 1 5 4 7 2 1 24.6 (9-76)
Nonfenestrated 14 5 4 4 10 1 3 22.9 (7-52)
Others 11 2 4 5
Fenestrated 7 3 4 4 - 3 33.1 (14-95)
Nonfenestrated 4 2 1 1 4 - - 24 (8-52)
Totd 62 19 18 22 38 7 15
Fenestrated 41 9 13 17 21 6 12 26.2 (7-103)
Nonfenestrated 21 10 5 5 17 1 3 21.8 (7-52)
—¢— Pleural
60
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*
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Blalock Glenn Banding No previous operation

Fig. 1—Significant pleural and pericardial effusion (%) inimmediate postoperative cavopulmonary techniquein relation to the presence or absence of previous operations.

H Fenestration (19)

O No fenestration (5)

2 day

3 day

Fig. 2 - Central mean venous pressure (cm H,0), in thefirst 3 days, of patientswho
underwent the cavopulmonary technique with and without atrial fenestration.

Significant cardiac murmursoccurredin 3 patients,
al from group I. Sinusrhythm was present in 94% of the
cases, with right atrium ectopic beatsin 2 patients, both
fromgroup . Normalization of thePwaveoccurredinall pa-
tientsinthe postoperative periodinrelationto that obser-
vedinthe preoperative period, changing fromameanva-
lueof 3mmto1.6mm.

In 17 patients undergoing imaging with atechnetium
99mm |abeled agent, pulmonary arteriovenousfistulaswas
not detected and pulmonary perfusion wassimilar in both
lungsfrom both groups.
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Echocardiography showed normal ventricular functi-
oninal patients.

Ergospirometry performedin 11 patients showed that
patients had good physical tolerance with a duration of
mean effort on the treadmill of 14 minutes and 4 seconds
and with amaximum mean oxygen consumption (VO,) of
27.9mL/kg™.min?, ranging from 22.6t0 33.9ml/kg*.min.
Theanaerobicthreshold wasreached after 5 minutesand 8
seconds, with heartrateof 133bpmandwithVO, of 18.7mL/
kg™.min?., Respiratory decompensation was reached after
10 minutesand 7 secondswith VO, of 26.7 mL/kg™*.min'*
and a heart rate of 165 bpm. Systolic arterial pressure
increased onaverage 25.7mmHg.

Anticongestive, antithrombotic medication, or both,
had been administeredto 19 (30.6%) of 62 patients, 15 pa-
tients(36.5%) of whichwerefromgroupl.

Discussion
Systemic congestive events and thromboembolic

events, electrical disturbances, aswell as arteriovenous
pulmonary fistulathat usually appear in postoperativefol -
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Table I1I — Events of late follow-up, in relation to congenital cardiopathies and the presence or absence of atrial fenestration

Diagnosis N Cyanosis NYHA Murmmur Liver (cm) Sat O, (%) Hg
| Il + o+ 0 <2 >2 >70 >80 >90 <15 >17

Tricuspid Atresia 26 4 24 2 4 1 25 1 - 2 2 22 22 4
Fenestrated 23 4 21 2 4 1 22 1 2 2 19 19 4
Nonfenestrated 3 - 3 - - - 3 - - 3 3 -
Single ventricle 25 1 22 3 6 1 22 2 1 - 1 24 23 2
Fenestrated 11 1 9 2 3 1 9 1 1 - 1 10 9 2
Nonfenestrated 14 - 13 1 3 - 13 1 - - - 14 14 -
Others 11 - 11 4 1 8 2 1 - 11 11 -
Fenestrated 7 - 7 3 1 5 2 - - 7 7
Nonfenestrated 4 - 4 - 1 - 3 - 1 4 4 -
Totd 62 5 57 5 14 3 55 5 2 2 3 57 56 6
Fenestrated 41 5 37 4 10 3 36 4 1 2 3 36 35 6
Nonfenestrated 21 - 20 1 4 - 19 1 1 - - 21 21
NYHA - New York Heart Association classification; Sat - Saturation; Hg - Hemoglobin.

low-up of theatriopulmonary techniqueof Kreutzer eta”,in
theatrioventricular techniqueof Bjork etal 8, causedusto
use and consolidate another technique, the cavopulmona:
ry techniqueidealized by Pugaet al *, by Leval et al 2and by
Jonas and Castaneda?®.

New techniques, such as the cavopulmonary techni-
que, became necessary to decreasethefollow-up risksbefore
ventricular dysfunction, which worsen these patients' con-
ditions. Thefactorsthat requirethistechnical changewere
well demonstrated by Conteeta °in 7 patientswith physical
intoleranceincluding greet dilation of right atrium, atrial ar-
rhythmia, congestiveevents, and protein-losing enter opathy.
Marcelletti et a ° dsodemonstratedin 31 patients, atrial ar-
rhythmiain 20, heart failurein 17, previousFontan obstruc-
tionin 10, serosal effusionin 10, protein-losing enteropathy in
3andright atriumthrombosisin 2 patients.

Other technical modifications made cavopulmonary
anastomosiseven moresuitable, both for immediate posto-
perative evolvement with decreased systemic venous hy-
pertension and congestive eventsthrough atrial fenestra-
tion4, andfor latefollow-up through the placement of an ex-
tracardiac conduit*fromtheinferior venacavatotheright
pulmonary artery, instead of anintraatrial tunnel.

Thisextracardiactechniquemay alsohelpinimmediate
evolvement, decreasing mean time of thoracic drainage,
evenintheabsenceof fenestration, whichwasperformedin
24 (47%) of the 51 patientsevaluated by Petrossianet al “.
Thisbenefit wasalso shownby Lardo et al 2.

The decrease in venous pressure with fenestration
between theright and | eft atrium enables, intheory, asmaller
incidence of systemic congestive events, such as serosal
effusion and hepatomegaly, mainly in early follow-up al-
through presenceof systemicarterial insaturation. Howe-
ver, incontrast, eventhough aclear smaller central venous
pressure occurred in patients with atrial fenestration,
serosal effusion, such as pleural and pericardial effusion,
occurred moresignificantly inthisgroup of patients.

Itispossiblethat other factorsareinvolved inthe oc-
currenceof congestiveevents. First of all istheanatomical

and functional condition of the cardiopathy and the pati-
ent’ sage: theol der the pati ent themore probabl ethe presen-
ce of degenerating events. Previous palliative operations
also contributeto theworsening of myocardial function.

Inour study, themean agewashigh at thetime of ope-
ration and aclear correl ation existed between theintensity
of effusionswith the operation previously performed. Sig-
nificant pleural effusion occurredin 42% of patientswho
previously underwent a Blalock Taussig procedure, in
44% of patients who underwent previous pulmonary
banding, in57%of patientswho underwent abidirectional
Glenn procedure, as opposed to 30% of patientsinwhom
no palliative procedure had been performed.

We concluded that fenestration may be of agreat
benefit since no significant anatomical and functional alte-
rationshasoccurred and mostly whenthe operationis per-
formed at an early age and in the absence of adverse dege-
nerating events and when patients have not undergone
previousoperations, especially those of long-term surgery.

Late follow-up of the nonfenestrated group in our
study enabled usto assess them favorably, regarding the
absence of electrical alterations, such as alteration of the
cardiacrhythm, the appearance of pulmonary arteriovenous
fistulasand the occurrence of congestive eventslike hepa-
tomegaly. Thesealterationsarevery frequent at thetime of
follow-up of other techniques and modification of the
Fontan procedure.

Goodtoleranceto physical effort foundin our patients
demonstrates this better evolvement, in contrast with the
findings of other authors, whose patients’ oxygen con-
sumption assessed through ergospirometry wassignifican-
tly reduced after the Fontan operation, compared with that
inother children operated onwith other correctivetechni-
gues, such as Senning and M ustard proceduresor after the
repair of tetralogy of Fallot .

Itisnecessary to mention, however, that thephysical
capacity isrelated tothe Fontan operation being performed
at an early age, a sointheabsence of volumeoverloadim-
posed by previouspalliative operations. | nthe subgroup of
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patientswho underwent thetechnique early, before2 years
of age, theconsumption of oxygen (V O, maximum) reached
was88.6+24.1%, accordingtoMahleet al ©.

Some patientsexperienceunfavorableeventsof atrial
fenestrationinlatefollow-up, such asperiphera arteria in-
saturation and cyanosis, with consequent elevation of he-
matocrit and thedecreasein physical tolerance. Theseele-
mentsmay be successfully corrected by occluding theinte-
ratrial communicationwith aprostheses™.

Thus, generally, with or without fenestration, cavopul -
monary anastomosis seemsto be the most suitable for the
Fontan technique, dueto thegood evolvement becausethe
criteriafor indication of operation arefollowed.

Through this technique, congestive, electrical and
thromboembolic eventsand alterationsin hepatic function
or coagul ation are mi nimized compared with that which oc-
curs with other technical variations.

In the presence of hepatic congestion, even though
protein synthesisisnormal, important alterationsoccur in
coagulationmainly inV and V11 factorswith prolonged pro-
thrombin activity and cholestase. I n these cases, the use of
systematic anticoagulant therapy is recommended accor-
dingtoVan Nieuwenhuizen et a %.

In conclusion, it ssemsthat fenestration does not act
favorably in early or late follow-up and istherefore dis-
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pensable. According to some authors ¢, it could be per-
formed systematically to obtain greater efficiency in the
presence of the risks of the Fontan operation, when the
mean pressure of the pulmonary artery exceeds 15mmHg,
pulmonary resistanceis greater than 2U Wood, or if ven-
tricular dysfunctionwith g ection fractionlower than 60%is
present, with final diastolic pressure of the left ventricle
greater than 8mmHg. Thesameoccurswhenthe pulmonary
arterieshave smaller diameters, evaluated by theM cGoon
index lower than 1.5, or by the Nakataindex lower than
200mm?/m2, according to Marroquin et al ¥, althoughin
these cases mortality hasreached 23%.

Takedaet al 8 al so showed greater mortality, 4 (25%)
of 16 patients. In the greater risk group, however, they
emphasi zed the useful ness of fenestration, which becomes
definitivein these cases.

Because of all the factors discussed here, itisimpor-
tant to avoid degenerative events caused by cardiopathy,
especialy thosethat occur after long duration palliative
operations, that have a negative influencein the late
follow-up of these patients.
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