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Abstract

Tetralogy of Fallot (TOF) combined with major aortopulmonary collateral arteries (MAPCA) is a severe
congenital heart defect due to the combination of a triad of cardiac malformation withan additional vascular
anomaly of the small circulatory system. To date, there is no single accepted standard in which sequence and
according to which criteria radical surgical correction of combined anomalies is indicated. This paper describes
a clinical case of simultaneous opentreatment of TOF and endovascular occlusion of the MAPCA in an 8-month
old child. Based on the evidence base of a large study, our patient belonged to the group where after TOF
correction the therapeutic way of MAPCA treatment was used at first, which was ineffective in 38% and led to
surgical methods of MAPCA occlusion. Choosing the way of simultaneous simultaneous surgical treatment of two
pathologies allowed us to minimize postoperative risks and achieve good clinical results.
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AHOamna

®anno mempadack! (OT) yrnkeH Konka-ekne KonnamepanoapbiMeH bipikmipineeH Xypek akayblHbIH mpua-
0acbiHbIH KiWwi KaHalHarbIMbl WeHOEPIHIH KoCbiMWwa mambipiibl aybimKybIMeH yunecyiHe 6alnaHbicmbl aybip
mya 6imkeH Xypek akaybl 60n1bin mabbinadsl. byaiHai KyHi 6ipikmipineeH aybimKynapObl padukanobl XupypausibiK
my3emy KaHOal pemminikneH XoHe KaHOal kpumepulinep 6olbiHwa opbiHOanambIHbI mypasbl KepcemineeH
6ipbiHral kabblndaHraH cmaHOapm oK. byn xymbicma 8 alineik 6anara ®T xeHe 3H008aCKyIsPIIbIK Caynenik
OKKIMO3USIHbI awlbiK adicrieH bip meszinde emO0eyOiH KnuHUKarblK xafdalibl cunammarnsaH. YikeH sepmmeyodiH
0anendi 6asackiHa cylieHe ombipbin, 6i30iH Haykac @T my3emineeHHeH KeliH andbimeH caynenepdi emoeydiH
mepanusisiblK  XoJbl KondaHbliiraH mornka KipOi, OHblH 38%-bI muimci3 6onbin whbikmel, 6y caynenepdi
OKKMro3usinayObiH Xupypausisblk adicmepiHe xyeiHyee okendi. bip0eH eki namomnoausiHbl CUMyIsyusbIK
Xupypeusinbik emoey XorblH maHoay b6isse onepayusdaH KeliHei Kayin-kamepnepdi a3alimyra xeHe oHmausbl
KIUHUKarbIK HOmuXeae Komkemkidyae MyMKiHOik 6epdi.
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KoHpnukm unmepecoe
Aemopb 3asiensiom 06
0MCyMCcMBUUKOHEPIUKMA UHMEPECO8

KnioyeBble crnoBa:

mempada ®anno, bonbwue
aopmo-néaoyHbie Konnamepanu,
KuHUYecKul cry4ad, 8DOXOeHHbI
ropok cepdua, onepayusi Ha cepdue

AHHOMayus

Tempada ®anno (T®) e coyemaHuu c 6onbwumu aopmo-ne20yHbIMU  Konnamepanamu (MAPCA)
npedcmaensem cobol msKenbil 8pOXO0eHHbIM MOPOK cepdya, 0byCcrosneHHbIU coyemaHueM mpuaodbl
KapOuarnbHo20 rnopoka ¢ QomonHUmensHoU cocyoucmol aHoManuel Manoz20 Kpyea KposoobpawjeHusi. Ha
ce200HAWHUL OeHb He cywiecmeyem eOUHO20 MPUHAMOo20 cmaHdapma 6 Kakol nocnedosamenbHOCmU U Mo
KaKuM KpumepusiM rokasaHa padukarbHas Xupypaudeckasi Koppekyus codemaHHbIx aHomanuu. B Hacmosuwel
pabome npedcmaegneHo onucaHue KIUHUYECKO20 Crly4as 0OHOBPEMEHHOZ0 J1e4EeHUsI OMKPbLIMbIM Criocobom
T® u 3HOosackynspHol okkmwo3uu BAJIK pebénky 8 mecsyes. OcHosblgasicb Ha Aoka3amernbHolu b6ase
KpyrnHoe2o uccriedosaHusi, Haw rnayueHm exodun e epynmy ede nocne Koppekyuu T® cHayama npuMeHscs
mepanesmudyeckuti nyms nevyerHuss BAJIK, e 38% komopsbili okasbieancs HeaghheKmuBHbIM Ymo MPUEoAUIO
npubezamb K xupypaudeckum memodam okkmo3uu BAJIK. Bbibpag mymb cumynbmaHHO20 XUpypeu4yeckozo
JleyeHus cpasy 08yx mamosioaul, Mo3eouI0 HaM MUHUMU3UPO8amb M0CAe0nepayuoHHble pucku u 0obumscs

Xopouwlezo KiuHuU4YecKoeo pe3yrnbmama.

Introduction

Tetralogy of Fallot (TOF) combined with major
aortopulmonary collateral arteries (MAPCA) is a severe
congenital heart disease aggravated by additional
volume of cross over blood flow from the large to
small circulatory system. There is no special standard
for transcatheter occlusion of collaterals, there are no
clear algorithms of surgical tactics, and therefore the
surgeon faces the task of determining the indications
and times tages of correction of combined TOF and
MAPCA pathology. To determine the hemodynamic
significance of MAPCA, and thus indicate the need
for their one-stage closure, an attempt was made in
The Second Xiangya Hospital of China on 380 patients
operated on over a 10-year period [1]. These patients
accounted for 28.1% of all operated TOF (1351
cases), of which MAPCA occlusion was performed in
4.8% of cases. A mathematical formula for the MAPCA
occlusion index was derived, where K=((3>R?)/Wt), R
is MAPCA diameter and Wt is patient weight. With
K22, collateral occlusion and surgical correction are
recommended to be performed simultaneously, with
1< K< 2, the need forcollateral occlusion depends on
the postoperative condition of patients with more than
the standard increase in artificial pulmonary ventilation
(APV) time for this pathology. In this group, the need
for MAPCA occlusion was 38%.

During radical TOF correction, if hemodynamically
significant MAPCA are not closed, severe congestion
in the small circle of the circulation and bypass of
the great circle of thecirculation are expected in the
postoperative period [2]. In such situations, a longer
period of ventilatory ventilation is required and many
patients have complications such as low cardiac
output syndrome, pulmonary edema, lung infection
and pleural effusion. The tandem approach, in which
endovascular MAPCA occlusion immediately after
radical open surgery is the second stage, effectively
solves this problem [3].

Case study

A child 8 months old, 7 kg was admitted to the

clinic on 09/28/2022 with diagnosis: TOF, PFO, PDA,
MAPCA with complaints of shortness of breath, lividity
of the skin, rapid fatigue during feeding. The basic
diagnostic tests: ECG, echocardiography (ECHO) were
performed. Instead of contrast computed tomography
(CT), cardiac catheterization (CC) was performed. The
defect was confirmed by ECHO data: Aorta: 1.4 cm,
bulbus shifted to the right by 50%. MAPCA of 0.3 cm
was not excluded. Pulmonary artery (PA): valve 0.55
cm; flaps compacted, trunk 0.6 cm. The branches of
the pulmonary artery are 0.6 cm each. The gradient
on the PA valve was 76/45 mmHg. Degree 0-1
regurgitation. Interventricular septum: subaortic defect
1.1 cm. Interatrial septum: PFO 0.15cm. Cardiac
cavities: right sections moderately dilated, Myocardial
contractility: satisfactory. To clarify cardiac anatomy
and extracardiac vascular structures, the following
was performed: CC from the right ventricle (RV)-
the aorticarch with the PA trunk and branches was
contrasted simultaneously, the RV cavity increased
in volume, moderate hypoplasia of the PA trunk and
valve ring, moderate kinking of the left PA branch
mouth, the middle and distal segments of PA branches
were developed satisfactorily (Fig. 1). There was
marked tubular stenosis in the exiting RV. In thoracic
aortography, there is contrasting hypervascularization
zones of both lungs across all fields, due to the
presence of a developed MAPCA - bronchial and
intercostal arteries branching off in the projection Th
2-3 of the thoracic spine, with adiameter of MAPCA
afferent arteries of 1.5-3.0 mm (Fig. 2). Tonometry
in mm Hg: PA trunk 30/5, middle 13, PJ75/3, distal
segment of right and left branches of PA 24/7 (middle
12). The diameter of the distal segments of the PA
right 6.4 mm (Z score 0.03), left 7.6 mm (Z score1.69)
PA trunk 7.3mm (Z score-2.12) (Fig.3), PA valvering
5.5 mm, aorta valvering 13.8 mm, at diaphragm level
6.1 mm.

Diagnosis

TOF, subclavian stenosis with moderate hypo-
plasia of the valvering and PA trunk. Developed
MAPCA network on both sides.
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Figure 1.

Angiogram. Enlarged and
hypertrophied right ventricle,
exit section with marked
tubular stenosis, hypoplasia
of the pulmonary artery trunk
and valvering, satisfactorily
developed pulmonary artery
branches

Figure 2.

Angiogram. MAPC - bronchial
branch originating from the
arch B of the aortic segment
with a diameter of 3.0 mm
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Figure 3.

Z score of the pulmonary artery
branches and trunk by cardiac
cavity probing

Figure 4.

Angiogram. Catheter

inserted into MAPCA, thoracic
aortography with contrasting
areas of hypervascularization
of both lungs across all fields
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On 11.10.2022 we performed elective surgical
correction under the conditions of cardiopulmonary
bypass: VSD repair with anautopericardial patch, in
fundibulotomy, PA valve commissurotomy with valve
and PA fibrous ring preservation, RV outlet plasty
with anautopericardial patch, PFO suturing. After
the operation the child was immediately taken from
the cardiac surgery room to the Cath-Lab operating
room. Course of intervention: retrograde puncture
and catheterization of the right common femoral
artery by Seldinger. A JR 3.5 4Fr type catheter
was and placed on the aortic arch, and thoracic
aortography was performed, in which contrasting

zones of hypervascularization of both lungs were
noted throughout the fields, due to the presence of
a developed 3 mm diameter MAPCA system (Figure
4). The source of MAPCA was a bronchial branch
originating from the aorticarch. Given the angiographic
findings, MAPCA embolization was recommended.
A BS Renegade microcatheter was installed at the
kostium of the pathological branch, and embolization
with BS Contour 45-150uM pVa particles - 1 vial was
performed. At the control angiography the contrast
intensity was reduced by 100% (Fig. 5). There were no
complications during the operation.
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Control postoperative ECHO: tricuspid valve
1st degree regurgitation. Mitral valve: 0-1 degree
regurgitation. Aorta: 0-1 degree regurgitation.
Abdominal aorta: main blood flow. Pressure gradient
on the PA valve: 10/5 mmHg, regurgitation 0-1 degree.
Left ventricular ejection fraction 64%. Interventricular
septum: patch, shunt 1 mm. Atrial septum: tightly
sutured. The child was extubated 44 hours after the
simultaneous surgeries, on the 6th postoperative day
he was transferred to the specialized department and
discharged on the10th day.

Discussion

MAPCA is one of the significant factors influencing
the final outcome of radical TOF correction [4]. At the
early stage, cardiac surgeons did not know much about
collaterals and did not treat them when performing
radical TOF correction. With the development of
medical and computed tomography technologies,
cardiac surgeons gradually deepened their knowledge
of aortopulmonary collaterals and their treatment
became an important part of radical TOF correction [5].

It is logical to try to close all available additional
collaterals in open surgery in one step after cardiac
TOF correction, but technical difficulties in the form
of collateral search, expansion of the operating field
and surgery time, in most cases the inability to close
all sources of additional blood supply, have led to
the development of a staged approach of radical
treatment involving interventional technologies.
Endovascular techniques have a number of
advantages over hard-to-reach surgical areas and are
used both before, during, and after open surgery [6].

At the current stage, when the task is to perform
simultaneous cardiovascular surgical interventions,
a universal hybrid operating room [7], which allows
performing open and closed surgery simultaneously,
is deployed on the basis of highly specialized clinics.
A tour center, we were able to minimize the time factor

BULLETIN OF SURGERY IN KAZAKHSTAN Ne73 - 2022

between the first and second stages of TOF radical
correction with  MAPCA, thanks to the functional
location of two closely situated multi-targetoperating
theatres on one floor of the surgical unit. Most studies on
MAPCA treatment have focused on MAPCA occlusion
before TOF correction, but MAPCA occlusion before
surgical correction could lead to a further decrease in
saturation, and therefore the patient required surgical
correction immediately after transcatheter closure of
MAPCA.

To reduce morbidity and mortality, endovascular
MAPCA occlusion or surgical ligation should be
performed in patients with a collateral diameter to
body weight ratio of at least 0.5 mm/kg. In patients with
values of approximately 0.2 to 0.5mm/kg, prolongation
of APV should have priority over transcatheter
occlusion, and for patients with values below 0.2 mm/
kg no additional treatment is required [8]. In our child’s
case, this value left 3.5 in the presence of 3.0 mm
collaterals. We prioritized the closure of collaterals
immediately after TOF correction with the desire not to
prolong APV, which would have increased the risks of
APV-associated complications.

Conclusion

In our clinical case based on the experience of
the world leading clinics, the principle of simultaneous
treatment of severe combined pathology of Tetralogy
of Fallot with major aortopulmonary collateral arteries
was successfully applied. Taking into account
the evidence base, our patient belonged to the
intermediate group, where single-stage correction of
TOF with MAPCA occlusion was performed in 38% of
cases. During radical open correction of TOF, the valve
complex of the PA trunk was preserved and MAPCA
was embolized immediately within several minutes
after the first operation, which allowed to minimize
postoperative risks and achieve a good clinical
result.

Figure 5.

Angiogram. End result after
MAPCA embolization: at
control angiography, the
contrast intensity of pulmonary
vascularization was reduced
by 100%
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