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Key question

Is it possible to enhance the results and global
applicability of the common arterial trunk repair?

|

Key finding(s)
. Normalization of flow
. Creation of a viable RVOT
o Avoidance of initial use of prosthetic valve substitutes

]

Take-home message

Restoration of morphology and pattern of flow with
the ability to grow could improve outcomes and global
applicability of the repair.

Abstract

OBJECTIVES: Common Arterial Trunk (CAT) continues to have a very poor prognosis globally. To address that, we have developed a novel
technique targeting key concepts for the correction of all components of the anomaly, using autologous arterial tissue. This aims to en-
hance results, availability worldwide, and importantly to avoid the need for repeated reoperations.

METHODS: From January 2019 to 4 January 2021, all patients with isolated CAT had repair of the defect using autologous arterial trunk tis-
sue with direct right ventricle (RV) to pulmonary artery (PA) connection. Clinical outcomes, follow-up which included multi-slice com-
puted tomography 3D segmentation and 4D cardiovascular magnetic resonance flow, are presented.
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RESULTS: Twenty patients were included in the study (median age 4.5 months). There were 2 hospital deaths due to systemic infection
and pulmonary hypertensive crisis, respectively. Following discharge all patients remained asymptomatic with no signs of heart failure and
improved pattern of growth (median follow-up: 8 months). Early postoperative 3D segmentation showed a conical shaped neo-right
ventricular outflow chamber connecting the body of the RV to the main PA through a valveless ostium, and normal crossing of PA and
neo-aorta. 4D cardiovascular magnetic resonance pattern of flow showed normal rapid laminar flow through the atrioventricular valves
followed by a vortex towards the outflow tracts. There was laminar flow through the neo-aorta and neo-PA with velocity not exceeding
2.5m/s. The PA regurgitant fraction was 25 £ 5% and was limited to early diastole.

CONCLUSIONS: The initial results of utilizing the key concepts, using autologous arterial tissue for the repair of CAT, are encouraging,

both clinically and by multimodality imaging.

Keywords: Morphodynamism + optimizing geometry and function « neo-RV outflow tract « multimodality imaging « 4D flow magnetic

resonance imaging

ABBREVIATIONS

CAT Common Arterial Trunk

LV Left ventricle

LVOT Left ventricular outflow tract
PA Pulmonary artery

RV Right ventricle

RVOT  Right ventricular outflow tract

INTRODUCTION

Common Arterial Trunk (CAT) is a serious congenital anomaly
which, if uncorrected in neonatal life, carries a very poor progno-
sis [1, 2]. Since the introduction of the first operation to correct
the anomaly by McGoon et al. [3] in 1968, there have been con-
siderable improvements in the surgical treatment of this anom-
aly, using a variety of techniques [4-8]. However, several major
problems remain to be addressed for surgical repair to have the
desired impact on the very poor global natural history of the dis-
ease. Most of these problems result from incomplete correction
of the pattern of flow, use of foreign material and not universally
affordable conduits. These result in worse outcomes and
repeated reoperations at frequent intervals.

We here describe novel concepts for the repair of CAT using au-
tologous arterial tissue combined with restorative procedures
aimed at restoration of the pattern of flow and morphodynamism.

SURGICAL TECHNIQUE

The heart and great vessels are exposed through a median ster-
notomy. The main pulmonary artery (PA) and its branches are
mobilized widely from the arterial trunk and well into the hila of
both lungs. In addition, the aortic arch and its branches are ex-
tensively mobilized. The 2 main pulmonary arteries are snared
immediately after establishing cardiopulmonary bypass (with
bicaval cannulation and arterial return to the aortic arch). The
patient is then cooled to 28°C, followed by clamping the ascend-
ing aorta immediately proximal to the origin of the right brachio-
cephalic artery. The ascending aorta is transected, 3 mm below
the arterial clamp. Lower down, the arterial trunk is transected 1-
2mm above the top end of the truncal valve commissures (Fig.
1A and B). This results in a free mobilized segment of the arterial
trunk bearing the origin of the pulmonary arteries. The origin of
the main PA in type | [9, 10] or the segment of the arterial trunk
bearing the 2 PA branches in type Il, is separated from its

adjoining arterial trunk wall. This generates a semi-circular free
patch which will be used later to refashion the neo-right ven-
tricular outflow tract (RVOT) (Fig. 1C). Care is taken to leave a
“lip” of arterial wall around the ostium of the PA(s) where a well-
defined ridge is usually present (Fig. 1B and C).

An inverted triangular window is made in the anterior wall of
the right ventricle (RV) just below the attachment of the truncal
valve, to avoid undue tension of the neo-RVOT anastomosis (Fig.
1D). The base of the triangle measures 1.5-2cm with its apex
extending into the trabecular part of the RV avoiding epicardial
coronary vessels. Obstructive muscular bands inside the RV are
resected to allow an adequate communication between the RV
cavity and the neo outflow chamber. Trans-ventricular VSD clos-
ure is then performed, using a Gore-Tex patch of appropriate
size and shape, to ensure unobstructed blood flow from the left
ventricle (LV) to the neo-aorta.

The mobilized main PA is then anastomosed to the RV win-
dow, starting by the posterior edge of its ostium. While ensuring
proper orientation of the 2 PA branches without tension, torsion
or kinking (Fig. 1D). The previously mobilized truncal wall patch,
which has a natural curve, is then tailored and used to create the
roof of neo-RV outflow chamber (Fig. 1E and F).

Appropriate repair should aim at defining and correcting,
whenever possible, all of the component parts of the anomaly
[7]. Pre-operatively, the root of the ventriculo-arterial connection
is dilated, with heterogeneous deformities affecting the geometry,
structure and function of its components. The truncal valve
exhibits different forms of abnormalities and deformities. In
patients, with a quadricuspid valve and thin preserved 4 leaflets,
tricuspidization is performed. This technique entails excision of
the non-coronary sinus, leaflet, annulus, and importantly remod-
elling the subvalvular region to ensure smooth flow of blood
from the LV to the neo root (Fig. 2A-D). In patients with tricuspid
or bicuspid trunk valve, techniques similar to those developed
and used for bicuspid aortic valve are used [11]; this should be
combined with remodelling of the enlarged sinuses and creation
of a sinotubular junction to match the distal end of the ascending
aorta (Fig. 2E).

PATIENTS AND METHODS

Between January 2019 and 4 January 2021, 20 patients (aged 1-
26 months, median: 4.5months) underwent repair of CAT (Van
Praagh types 1 and 2) [8] using the novel technique (Supplementary
Material, Table S1). Patients with interrupted aortic arch or associ-
ated extra-cardiac congenital anomalies (hypoplastic trachea,
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Figure 1: Use of autologous arterial trunk tissue for repair (see text) (A-F).

Figure 2: Tricuspidization of a quadricuspid truncal valve (A-D) and remodelling of the neoaortic sinuses (E).
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imperforate anus) were excluded. All patients were severely symp-
tomatic with varying degrees of arterial desaturation, and heart fail-
ure. Following discharge all patients were followed up regularly for
periods varying from 1 to 18 months. Informed consents were
obtained for all patients before enrolment in the study.

Multimodality imaging

Multislice computed tomography. All patients had pre-op-
erative (except for one) and early postoperative (1-4weeks)
multi-slice computed tomography using Siemens Somatom
Definition 128 (Siemens, Erlangen, Germany). Three-dimensional
segmentation was performed using DICOM images on Mimics
innovation suit software (Materialise, Leuven, Belgium). Four
patients had additional late investigation (at 5, 11, 13, and
15 months, postoperatively).

Magnetic resonance imaging and 4D flow mapping.
Five patients underwent postoperative magnetic resonance imag-
ing scanning using Siemens Magnetom Aera (Siemens, Erlangen,
Germany) to evaluate the flow pattern in both ventricles, neo-
RVOT, pulmonary arteries and neo-aorta (acquisition details are
shown in the Supplementary Material).

RESULTS
Survival

There were 2 hospital deaths due to systemic infection in 1 and
pulmonary hypertensive episode in the other. There were no
deaths during the follow-up period (1-18 months, median:
8 months).

Clinical progress

Following discharge, all patients remained asymptomatic, with
no signs of right or left ventricular failure. The pattern of growth
improved substantially following operation (Supplementary

Material, Table S2). The follow-up echocardiograms showed
good left and right ventricular systolic function, with mild dilata-
tion of the RV, trivial to mild tricuspid regurgitation and free pul-
monary regurgitation. The estimated RV peak systolic pressure
varied from one-third to half that in the systemic circulation ex-
cept for 1 patient who had a ratio of 60%. The median RV systolic
pressure was 25 mmHg (20-50); while the median peak systolic
gradient from the RV to PA was 8 mmHg (4-35). Neo-aortic re-
gurgitation was trivial to mild in 16 and moderate in 2 patients
(Supplementary Material, Table S3).

Computed tomography segmentation

Pre- and early postoperative appearances. The pre-
operative segmentation showed the variable relationship of the ar-
terial trunk to the ventricular mass. The origin of the arterial trunk
was related equally to the right and LV in all patients except in pa-
tient 2 where it came predominantly from the RV (Fig. 3).
Postoperatively, the normal crossing of the PA and neo-aorta [12]
was restored with the main PA arising from the neo-RVOT (Fig. 3).

Right and left ventricular size and function. All patients
(apart from 1 who had an urgent operation) underwent pre- and
early postoperative segmentation of the 2 ventricles in systole
and diastole. Typical examples are shown in Fig. 3. Volumetric
analysis of both ventricles was performed in 10 consecutive
patients (Supplementary Material, Table S4). In addition, 4
patients underwent late investigations (at periods of 5, 11, 14 and
15 months after operation) (Table 1). This showed no consistent
changes, in size or function of the left or RV, compared to early
postoperative. However, in 1 patient, there was an apparent in-
crease in end-diastolic volume of the RV with the preservation of
ejection fraction (Table 1).

Neo-RVOT. Postoperative segmentation showed a neo-RV
outflow chamber, which had a conical shape, similar to a normal
RVOT. The neo-RVOT connected the body of the RV to the main
PA (Fig. 4A) through a valveless pulmonary ostium, which had a
similar diameter to the main PA; this had the effect of limiting

P2
End-systole End-diastole

1
b

Pre-op

Post-op

P4 P6
End-systole End-diastole

o @
# §

End-systole " End-diastole

4
A |

Figure 3: Pre- and early postoperative 3D segmentation of both ventricles and great arteries (at end-systole and end-diastole for 3 representative patients) (see text).
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Table 1: Right and left ventricular volumes and ejection fraction for 4 patients who had additional late investigation

Left ventricle

Right ventricle

Pre-operative Early postoperative Late postoperative Pre-operative Early postoperative Late
postoperative

Case 3

ESV (ml) NA 5 5 NA 7 7

EDV (ml) NA 8 8 NA 13 13

EF (%) NA 38 38 NA 46 46
Case 4

ESV (ml) 9 8 5 12 5 9

EDV (ml) 28 18 22 19 15 39

EF (%) 68 56 77 37 67 77
Case 5

ESV (ml) 9 7 7 7 8 10

EDV (ml) 32 24 22 24 31 31

EF (%) 72 71 68 71 74 68
Case 13

ESV (ml) 6 5 10 6 4 9

EDV (ml) 26 16 23 25 13 27

EF (%) 77 69 57 76 69 67

EDV: end-diastolic volume; EF: ejection fraction; ESV: end-systolic volume; NA: not available.

the amount of pulmonary regurgitation. An example of pattern
of RV contraction showing morpho-dynamism comparable to
normal is shown in Video 1. It is notable that the neo-RVOT
changes its size and shape during the cardiac cycle with no para-
doxical movement or dilatation.

Size and topology of the main PA and bifurcation.
Postoperatively, the main PA crosses in front of the neoaortic root
in a manner similar to that observed in normal hearts (Fig. 3) [12].
The PA bifurcation was preserved with an angle approximating
that seen pre-operatively. This could have important clinical impli-
cations of avoiding turbulence and late stenosis (Fig. 4B).

Size and shape of neo-aorta. Postoperatively, the neo-aorta
showed diminution in length and circumference. A typical ex-
ample of the postoperative topology, size and shape of the neo-
aorta (as compared to the neo-PA) is shown in Fig. 5.

Cardiovascular magnetic resonance with 4D flow

Cardiovascular magnetic resonance examination including 4D
flow analysis was performed for 5 patients during their follow-
up, median 13 months (11-14) postoperatively.

Pattern of flow.
Lv

The pattern of flow through the LV inflow showed “normal” rapid
laminar central flow in early diastole. This is followed by an anteriorly
directed vortex towards the left ventricular outflow tract (LVOT).
During peak systole, ejection through the neo-LVOT showed laminar
flow with velocity not exceeding 1.5m/s. In addition, there was an
abnormal vortex below the neoaortic valve in the LVOT, due to a re-
cess created during repair of the ventriculo-arterial defect (Fig. 6A).

RV

Similar to the pattern of flow observed in LV, there was early
laminar flow through the tricuspid valve during early diastole

(Fig. 6B). This was followed by direct flow from the inflow to the
neo-RVOT and Laminar flow through the PA in peak systole (Fig.
6B and C).

During early diastole, there was backward flow which appears
to stop in late diastole. The measured regurgitation fraction was
25+ 5% (Fig. 6C and Supplementary Material, Fig. S2).

Pulmonary bifurcation

Both branches showed a laminar accelerated flow during early
and peak systole, with peak velocity not exceeding 2.5m/s
(Supplementary Material, Fig. S1). In addition, there was no ab-
normal vortex formation. The left pulmonary artery received 52%
of total pulmonary flow while right PA flow was 48%
(Supplementary Material, Fig. S2).

Viscous energy loss

The viscous energy loss in the neo-ascending aorta and neo-
main PA was calculated by the method described by A. Barker,
M. Markl and colleagues [13] (Fig. 7). This showed minor energy
loss in both vessels during systole.

DISCUSSION
Evolution of a concept

Common Arterial Trunk is defined as a single origin of an arterial
trunk from the heart, which directly supplies the systemic, coron-
ary and pulmonary circulations. A rational approach to correc-
tion of this complex anomaly depends on thorough
understanding of the embryological origin, components and nat-
ural history of the condition.

The technique described in this paper is designed to recreate
near normal anatomy and function while avoiding the use of
valve conduits and artificial material. The amount of viscous en-
ergy loss [13] was reduced by tailoring the root of the CAT as
well as the neo-PA (Fig. 7). The degree of residual pulmonary
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Figure 4: Early postoperative 3D segmentation (A) of the right ventricle, neo-right ventricular outflow tract, and pulmonary artery, (B) pattern of bifurcation of the
main pulmonary artery (for 8 representative patients).
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Figure 5: 3D segmentation of the size and shape of the great arteries in a representative patient pre- (A) and postoperatively (B and C).
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Video 1: Pattern of right ventricle contraction, showing morpho-dynamism, as
well as changes in size and shape with no evidence of dilatation or paradoxical
movement (15 months after repair of Common Arterial Trunk using the current
technique) (left) as compared to normal (right).

regurgitation is controlled by tailoring the size of communication
between the neo-RVOT and main PA. Postoperative multimodal-
ity imaging was used as a surrogate marker for long-term results.
The use of autologous arterial tissue for the repair allows this

Early Diastole

Late Diastole

technique to be eminently usable in neonates and importantly in
low- and middle-income countries. In addition, it avoids the
need for frequent reoperations with associated morbidity and
mortality [4, 8, 14]. Recreation of the neo-RVOT should enable
percutaneous placement of a pulmonary valve [15, 16] when the
child is fully grown; this could be done in the future using a tis-
sue-engineered valve [17, 18].

Up till recently, it was thought that the anomaly resulted from
failure of the development of the spiral septum inside the single
vessel arising from the heart. Seminal work by Anderson et al.
[19, 20] suggests that the anomaly involves the endocardial cush-
ions, resulting in what they called, ventriculo-arterial septal de-
fect. This explains the presence of the markedly dilated arterial
orifice, the presence of quadricusp valve in some patients and
the absence of a right ventricular outflow. These abnormalities
should be addressed during a restorative operation.

Normalization of flow

The pattern of flow in the heart and great vessels is closely linked
to the morphology and topology of the chambers [12] and

Peak systole

H 150
cm/s

150
cm/s

100
§ Cm/s

Figure 6: Postoperative 4D pattern of flow in left ventricle (row A), showing parallel flow lines through the inlet during early diastole with a normal vortex directly
from the inflow to outflow in late diastole followed by parallel flow lines with no acceleration in the neo left ventricular outflow tract and no evidence of trunk valve
regurgitation. In the right ventricle (rows B and C), there is evidence of mild pulmonary regurgitation during early diastole with a resulting vortex in the neo-right ven-
tricular outflow tract. During late diastole there is minimal pulmonary regurgitation. During peak systole there is a mild acceleration of flow in the proximal pulmonary

artery.
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coupled to myocardial contraction, in what is termed morphody-
namism [21, 22]. Effective repair of complex congenital defects
should aim at preserving or restoring morphodynamism, and
ventriculo-ventricular interaction, rather than introducing add-
itional abnormalities, such as sudden change in luminal diameter
or interference with contractile function (Video 1). The classical
repair of CAT entails insertion of valved conduits, which introdu-
ces ‘additionalfunctional abnormalities, both in the short and
long terms, and importantly requires re-replacement [3].

The truncal root

Pre-operatively, the common root of the ventriculo-arterial con-
nection is dilated and requires tailoring during the repair, to re-
duce the amount of regurgitation, match the much smaller distal
aorta and avoid energy loss during ventricular ejection. In
patients with quadricuspid valve and normal leaflets, tricuspidiza-
tion could restore structure and function (Fig. 2). In patients with
tricuspid or bicuspid trunk valve, techniques similar to those
developed and used for bicuspid aortic valve are used [11].

Pulmonary artery and branches

An essential feature of the new technique is wide mobilization
of the main PA and its branches into the Hila (Fig. 1). This ena-
bles direct anastomosis of the main PA to the relatively small
window in the anterior surface of the RV just below the origin
of the arterial trunk. In addition, the mobilized PA and its
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branches allow preservation of the angle of bifurcation of the
main PA and avoid turbulent flow of blood (Fig. 6). This could
have very important long-term implications with regard to ar-
terial wall structure and function [23]. Another detail concerns
preservation of 2-3-mm lip of the arterial trunk around the
orifice of the main PA (Fig. 1) to guard against future stenosis
of the anastomosis to the RV.

Creating a viable RVOT

A viable contractile RVOT contributes to overall function of the
RV [24]. In the technique described here, a viable neo-RVOT was
created (Fig. 4). This enabled a ‘normalized’ pattern of flow from
the inflow part of the RV to the PA with preserved morphody-
namism (Fig. 6B and Video 1).

Timing of correction

If uncorrected, CAT carries an extremely poor prognosis with an
estimated 80% mortality during the first year of life [2].
Therefore, it is essential to apply corrective operations in neo-
natal life. The technique described here allows this to be
achieved as the autologous arterial tissue is capable of growth
and adaptation without excessive dilatation or stenosis. In this
series, the technique was used in several patients beyond the
neonatal period. This policy could be complicated by the pres-
ence of early pulmonary vascular disease. For this reason, spe-
cial care was taken to limit the communication between RV and

Figure 7: Peak and temporal viscous energy loss in the neo-ascending aorta, A and B, respectively, as well as in the neo-main pulmonary artery, C and D.
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PA to decrease the degree of regurgitation in the presence of
mild pulmonary hypertension.

Utilizing autologous arterial tissue

In patients with CAT, there is a marked enlargement of the arter-
ial trunk both in length and diameter. This ‘redundant’ living, au-
tologous tissue can be used for the restorative repair, as a roof
for the outlet chamber.

Free arterial tissue remains viable and indefinitely is capable of
adapting and growing as has been shown in the Ross operation
[25, 26]. Although it is not capable of contraction, it constitutes,
only two-third of the circumference.

Is the pulmonary valve dispensable in infants?

The notion that the right side of the heart, including the pulmon-
ary valve, is dispensable [27, 28] has been shown to be incorrect,
particularly in patients who had large trans-annular patches dur-
ing the repair of tetralogy of Fallot who require insertion of a pul-
monary valve in late childhood or early adulthood [29, 30]. In
our series, the degree of regurgitation is limited by the regurgi-
tant orifice, which equals the circumference of the circular anas-
tomosis between the main PA and distal end of the neo-RV
outlet chamber. It is hoped that, in the absence of pulmonary
hypertension, this degree of pulmonary regurgitation will be tol-
erated for several years and can be corrected, later in life, using
percutaneous techniques [15, 16].

Limitations

The main limitations of this study are the relatively small number of
patients and short follow-up. In addition, the study does not include
a control group to compare to, in a prospective randomized trial;
however, the extensive multimodality imaging acts as a surrogate
marker for long-term results. Larger series followed up for longer
period of time will be necessary to validate our findings.

CONCLUSIONS AND FUTURE DIRECTIONS

It is hoped that wide application of the novel concepts described
in this communication will enhance the overall survival and qual-
ity of life of CAT, increase applicability of the operation world-
wide, and importantly prevent repeated reoperations.
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