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Abstract: Congenital heart diseases represent one of the hallmarks of 22q11.2 deletion syndrome.
In particular, conotruncal heart defects are the most frequent cardiac malformations and are often
associated with other specific additional cardiovascular anomalies. These findings, together with
extracardiac manifestations, may affect perioperative management and influence clinical and surgical
outcome. Over the past decades, advances in genetic and clinical diagnosis and surgical treatment
have led to increased survival of these patients and to progressive improvements in postoperative
outcome. Several studies have investigated long-term follow-up and results of cardiac surgery in
this syndrome. The aim of our review is to examine the current literature data regarding cardiac
outcome and surgical prognosis of patients with 22q11.2 deletion syndrome. We thoroughly evaluate
the most frequent conotruncal heart defects associated with this syndrome, such as tetralogy of
Fallot, pulmonary atresia with major aortopulmonary collateral arteries, aortic arch interruption, and
truncus arteriosus, highlighting the impact of genetic aspects, comorbidities, and anatomical features
on cardiac surgical treatment.

Keywords: 22q11.2 deletion syndrome; conotruncal heart defects; perioperative management; cardiac
surgical outcome

1. Introduction

In the last 30 years, the continuous progress in fetal diagnosis, cardiac surgery and
perioperative management allowed a significant reduction in mortality and morbidity,
even for the most complex congenital heart diseases (CHDs) [1,2]. Despite a substantial
improvement in the cardiac surgical prognosis of patients with cardiac defects, nowadays,
it is well established that the clinical and cardiac postoperative outcome of CHDs can be
adversely affected by the coexistence of a genetic syndrome [3]. This may depend on both
the specific associated cardiac phenotype and the concomitant extracardiac comorbidities
related to the syndrome [4,5].

The 22q11.2 deletion syndrome (22q11.2DS) (OMIM 188400/192430), also known as
DiGeorge syndrome or velocardiofacial syndrome, is the most frequent chromosomal mi-
crodeletion disorder in humans, with an estimated prevalence ranging from 1:3000 to 1:6000
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live births [6,7]. The clinical phenotype is highly variable with multiorgan involvement,
including CHDs, facial dysmorphisms, velopharyngeal anomalies, hypoparathyroidism,
immunological disorders, developmental delay, and psychiatric manifestations [7]. CHDs
represent one of the major features of this syndrome and the most common cardiac anoma-
lies observed are conotruncal heart defects (CTDs), affecting the outflow tract and the aortic
arch [8-10] (Figure 1).
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Figure 1. Cardiovascular regions involved in congenital heart defects of 22q11.2DS patients. PDA:
patent ductus arteriosus; VSD: ventricular septal defect.

Over time, the in-depth knowledge of the cardiac anatomy’s features, more com-
monly found in this genetic syndrome, led to improved cardiac surgical outcomes with
a consequent increased survival during pediatric age and achievement of adulthood [11].
Nevertheless, CHDs, and in particular some cardiac malformations among others, are still
the main cause of mortality (about 87%) in children with 22q11.2DS [12].

Moreover, the little data available on the adult population with 22q11.2DS report that
the leading cause of mortality in this genetic syndrome are cardiovascular ones, such as
sudden death and heart failure, not only in patients with major CHD but also in those
without it [13,14].

As in other genetic syndromes, such as Down syndrome [15], Ellis-van Creveld syn-
drome [16], and Noonan syndrome [17], specific cardiac phenotypes have been delineated
in patients with 22q11.2DS [8,18,19].

Several previous studies analyzed data on cardiac surgical outcome of patients with
CTDs, including those with 22q11.2DS, showing that, over the years, with advances in
medical and surgical treatment, the mortality rate after cardiac surgery has been reduced
and the postsurgical outcome has been significantly improved [20-23]. Despite some previ-
ous reports which did not show any greater immediate surgical mortality in CTDs when
associated to the deletion, the presence of a specific cardiac anatomy and the extracardiac
comorbidities related to the genetic defect (e.g., immunodeficiency, hypocalcemia, pul-
monary vascular reactivity, increased risk of bleeding, ENT malformations) could increase
the risk of postoperative complications in 22q11.2DS population [24-28].
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Indeed, in some subgroups of patients, the presence of 22q11.2DS appears to be related
to a longer duration of postsurgical intensive care, increased mechanical ventilation and
prolonged hemodynamic support [29-32]. Other determinants that seem to negatively
affect the cardiac surgical outcome of patients with 22q11.2DS are prematurity and low
body weight, frequently observed in this population [33,34].

It remains unclear whether cardiac surgery for CHDs in patients with 22q11.2DS
is responsible for a worse neurological outcome. Some studies have demonstrated that
patients with 22q11.2DS and CHDs have an unfavorable neurodevelopmental outcome
than the non-syndromic counterparts, which appears to be more related to the presence
of the chromosomal abnormality rather than to the underlying cardiac defect or surgical
treatment [35,36]. Maharasingam and colleagues pointed out that a reduced developmental
outcome in patients with 22q11.2DS was not only due to the repair of the concomitant
CHD, but could be related to the genetic condition itself or to the interaction between the
genetic syndrome and the possible perioperative effects of the cardiac surgery [37].

This review is an update of the literature of the last decades on the impact of 22q11.2DS
on cardiac treatment for each of the most frequently associated CHDs, highlighting how the
extensive knowledge of specific cardiac phenotypes and related extracardiac anomalies are
critical, in order to provide the most suitable surgical approach and the most appropriate
perioperative management to improve outcome and prognosis of these patients.

2. Congenital Heart Defects in 22q11.2 Deletion Syndrome

CHDs represent one of the most recurring features of 22q11.2DS, with a prevalence
of 75-80% [6,8,9,38]. It is well established that the most common intracardiac CHDs
associated with 22q11.2DS are CTDs, such as tetralogy of Fallot (ToF), pulmonary atresia
with ventricular septal defect (PA-VSD), interrupted aortic arch (IAA), mainly type B,
truncus arteriosus (TA), and conoventricular ventricular septal defect (VSD) [8-10,19,39].
In addition, anomalies of the aortic arch (AAA) and its branching are more frequently
seen in this population, not only as isolated features but also in association with other
CHDs, such as cervical aortic arch (CAA), double aortic arch (DAA), right-sided aortic
arch (RAA) with aberrant subclavian arteries, and RAA with a vascular ring made by a
left-sided ductus arising from the descending aorta [10,40].

Several prevalence studies of CTDs in persons with 22q11.2DS reported that ToF is the
most frequent cardiac defect, occurring in about 20-45% of patients, followed by PA-VSD
that is present in about 10-25%. Approximately 5-20% of patients with 22q11.2 have IAA,
5-10% TA and 10-50% VSD. In addition, AAA may also be associated with this syndrome
with a prevalence of 10% [6,8,9,38] (Table 1).

Table 1. Prevalence of the most frequent congenital heart diseases observed in 22q11.2DS.

% Cases Associated with

Congenital Heart Diseases % 22q11.2DS Patients *) 22q11.2DS @
Tetralogy of Fallot 20-45% 10-15%
Pulmonary atresia + VSD 10-25% 30-45%
Aortic arch interruption 5-20% 50-80%
Truncus arteriosus 5-10% 30-50%
Conoventricular VSD 10-50% 5%
Isolated aortic arch anomalies 10% 25%

() The reported prevalence is based on a literature review of large cohorts of patients with 22q11.2DS (Botto et al.,
2003; Marino et al., 2001; Momma et al., 2010; Matsuoka et al., 1998; Digilio et al., 1996; Goldmuntz et al., 1998;
Peyvandi et al., 2013).

Over the years, studies on cardiac phenotype allowed the identification of specific
forms and subtypes of heart defects associated with this genetic syndrome [8,18,19]. In-
deed, patients with 22q11.2DS more frequently show CTDs associated with additional
cardiovascular anomalies, in a typical distinguishable pattern, which may complicate the
cardiac anatomy, affecting surgical treatment and perioperative outcome [8,25,41-43].
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Specifically, in individuals with 22q11.2DS, ToF may occur in association with hy-
poplasia or absent infundibular septum, absent pulmonary valve, discontinuity, diffuse
hypoplasia or crossing of the pulmonary arteries (PAs) and AAA (such as RAA and CAA)
with or without aberrant left subclavian artery [8,44—46]. Major aortopulmonary collat-
eral arteries (MAPCAs) with hypoplasia and discontinuity of the PAs are common in
PA-VSD [18,47].

A possible feature of TA in patients with 22q11.2DS is the discontinuity of PAs and
AAAs (as IAA type B with RAA or DAA), and severe dysplasia with truncal valve steno-
sis [39,48]. Moreover, the presence of subarterial VSD associated with infundibular septal
hypoplasia and aberrant right subclavian artery is suggestive of 22q11.2DS [49,50].

The aortic root dilation (ARD) is another cardiac finding reported among children and
young adults with 22q11.2DS, isolated or associated with minor cardiovascular anoma-
lies [51,52]. Nowadays, it is known that a progressive aortic root dilatation may be present
in patients with CTDs, such as ToF, especially when associated with anomalies of the
pulmonary valve and RAA, cardiovascular characteristics often found in 22q11.2DS popu-
lation [53,54].

Currently, the clinical significance and the long-term implications of the isolated ARD
in patients with 22q11.2DS are still unknown. Considering that, to date, there is no evidence
of aortic dissection in the 22q11.2DS population and there are no surgical data on this aspect,
it remains unclear whether the progression of dilatation may become significant over time.

The genotype—phenotype correlation between the microdeletion and the presence
of CHDs is now well known, but the pathogenetic mechanisms leading to this strong
association are still not fully understood. An increased risk of having a CHD in 22q11.2DS
has been attributed primarily to the presence of the hemizygous deletion, and several
authors have focused on the role of protein encoding genes within the critical deletion
region. Multiple mouse model approaches have demonstrated that, within this region, TBX1
is the major transcription factor, mainly responsible for the clinical phenotype, including
the cardiac ones [55-59]. Nonetheless, the high phenotypic variability, characteristics of
this syndrome, seem to be related not only to the hemizygous deletion 22q11.2 or the size
of the deleted region but also to the contribution of additional genetic factors outside the
22q11.2 region and/or environmental aspects acting as modifiers [60].

Zhao and colleagues have in fact recently provided compelling findings on genetic
modifiers of CHDs in 22q11.2DS [61]. The authors found that the varying penetrance of
CTDs in the 22q11.2DS population can be explained partly by common single nucleotide
variants, located within the LCR22C-LCR22D intervals on the intact allele, which affect
CRKL gene expression.

A miRNA-related mechanism was also observed in 22q11.2DS. Indeed, another gene
that appears to be implicated in the cardiac phenotype of this syndrome is DGCRS8, which
encodes an RNA binding protein that is involved in miRNA biogenesis. In mouse models,
inactivation of both DGCRS alleles in neural crest cells has been proven to cause heart
defects [62].

Understanding in more detail the pathogenic process leading to the presence of
CHDs in those patients, may also allow to better comprehending the cause of coexisting
comorbidities that could influence clinical and surgical outcome.

It is known that a significant percentage of patients with 22q11.2DS and CHD may
require repeated cardiac operations, cardiac catheterization, and interventional proce-
dures [11,25]. To date, however, it is not known whether adults with 22q11.2DS and CHDs
are at greater risk of long-term complications or have higher need of reintervention than
non-syndromic patients. At present, the timeline of the cardiac surgery (palliation, complete
repair, reoperation) for persons with 22q11.2DS is the same as for non-syndromic patients
with the same CHD, and there are no specific indications to a different timing of surgical
approaches in this syndrome. Rather, the type of surgical technique can be modified and
personally individualized, depending on the peculiar cardiac anatomy [21-25]. Therefore,
22q11.2DS patients with CHDs, like non-syndromic CHD population, require appropriate
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management and regular follow-up, specific for each cardiac lesion, throughout life, even
after corrective surgery, to monitor any potential residual valve lesions, onset of outflow
tract obstruction and/or endocarditis, evaluation of ventricular function, outbreak of ar-
rhythmias, and the possible progression or appearance of aortic root dilation. Furthermore,
given the increased risk of earlier mortality from cardiovascular causes, it seems appropri-
ate that patients without congenital heart disease should also be followed-up periodically,
especially if other comorbidities coexist [14,63—65].

3. Outcome of Cardiac Surgery in 22q11.2 Deletion Syndrome
3.1. Tetralogy of Fallot (ToF)

About 20-40% of children with 22q11.2DS suffer from ToF [6,8,9]. Of all patients with
ToF, 10-15% have 22q11.2DS [41,66,67] (Table 1).

In about 50% of patients with 22q11.2DS, ToF recurs in association with particular
cardiac anomalies: absent or hypoplastic infundibular septum, absent pulmonary valve,
hypoplastic pulmonary arteries, and AAA (e.g., RAA or CAA) with or without aberrant
subclavian arteries [8,44-46].

The appropriate choice of surgical techniques tailored on syndromic patients led to
the accomplishment that 22q11.2DS is not a surgical risk factor in children with ToF [24].
Michielon and colleagues [21] demonstrated that 22q11.2DS was not a risk factor for pri-
mary surgical repair of ToF but the authors suggest that, in patients with ToF and normal
pulmonary artery anatomy, a primary repair should be preferred instead of palliative
procedures. The study showed that primary repair beyond neonatal age is the best surgical
intervention in terms of lower mortality rates and higher time of freedom from reinter-
vention. However, their study excluded patients with complex cardiac phenotype such as
PA-VSD+/—~MAPCAs, absent pulmonary valve, mitral-aortic discontinuity or associated
atrioventricular septal defects.

The following study by Michielon et al. [22] confirmed that 22q11.2DS and other
genetic syndromes (i.e., trisomy 21) are not independent risk factors for mortality after
surgical repair of CTDs, including ToF. Indeed, long-term survival in 22q11.2DS was
comparable with non-syndromic CTDs.

McDonald and colleagues [28] demonstrated that children with 22q11.2DS show
higher postoperative complications after cardiac surgery. Length of stay (LOS) in intensive
care setting and hospital stay were longer for the 22q11DS patients with correction for ToF,
even if there is no significant difference among syndromic and non-syndromic patients,
regarding length of mechanical ventilation and overall mortality. Moreover, the authors
found a higher incidence of postsurgical complications, as fungal infection or wound
infection, among children with genetic abnormalities.

However, early operative outcomes in a particular ToF subset can be affected by
genotype, as demonstrated by Mercer Rosa et al. [30]. In fact, the subgroup of 22q11.2DS
patients with ToF with pulmonary stenosis or PA who underwent the VSD closure, either
as a single stage operation or preceded by an aortopulmonary shunt, showed longer
cardiopulmonary bypass time and longer duration of intensive care.

Impact of genetics on perioperative outcomes has also been investigated by a recent
study of the same group [68] who demonstrated, in a small cohort of survivors with
ToF/MAPCAs, that 22q11.2DS had no significant impact on perioperative outcomes. The
postoperative intensive care course was similar between syndromic and non-syndromic
patients with no relevant difference in terms of several variables such as duration of me-
chanical ventilation, number of vasoactive medications or number of days of intensive care.

Moreover, interestingly, the authors did not find any significant difference in feeding
status upon discharge, even though it is well known that patients with 22q11.2DS may
have more feeding difficulties and can be discharged more commonly on gastric feeding.
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3.2. Pulmonary Atresia with Ventricular Septal Defect +/— Major Aortopulmonary Collateral
Arteries (PA-VSD+/—MAPCAs)

PA-VSD+/—-MAPCAs is found in 10-25% of individuals with 22q11.2DS (Table 1),
represents an extreme form of ToF and is characterized by a complete obstruction of the
right ventricular outflow tract, and a variable number of systemic arteries that supply the
pulmonary blood flow [8]. Approximately 40% of patients with ToF/PA/MAPCAs present
a deletion of the chromosome 22q11.2 [69,70] (Table 1), and they show a typical and more
complex pulmonary vascular phenotype [44], consisting of a higher occurrence of major
aortopulmonary collaterals and hypoplastic pulmonary arteries.

The impact of genetics on perioperative and postoperative courses of patients with
PA-VSD/MAPCAs has been the topic of numerous investigations.

In contrast to ToF in the context of 22q11.2DS, several studies demonstrated an in-
creased mortality risk for patients with PA-VSD/MAPCAs and 22q11.2DS, underlying
that the risk of mortality for PA-VSD was higher, particularly if associated with MAPCAs,
probably due to a less favorable pulmonary vascular anatomy [24,33,69].

Carotti et al. [33] found a significant association of 22q11.2DS with mortality among
patients treated for PA-VSD and demonstrated that the syndrome itself represents a strong
independent variable affecting survival. Moreover, the authors speculated that the higher
postoperative morbidity in 22q11.2DS patients could also be related to the defective im-
munologic status and to the increased infection susceptibility than to the cardiac anatomy.
However, in the recent surgical era, survival seems to have improved.

Mahle et al. [70] showed that, in patients with PA-VSD, 22q11.2DS carries a significant
risk for death related to surgical procedure, demonstrating that the five-year survival
was 36% for patients with this syndrome versus 90% for non-syndromic patients. The
authors did not find any significant discrepancy between syndromic and non-syndromic
patients concerning the perioperative incidence of viral, bacterial, or fungal infections, and
they suggested that the increased mortality among syndromic children was due to a less
favorable pulmonary anatomic pattern.

Genotype affecting adverse perioperative outcome was also demonstrated by Kyburz
and colleagues [26], who performed a prospective five-year multicenter study to outline the
postsurgical death incidence of children with CTDs, in relation to the concomitant presence
of genetic syndromes. The authors identified 22q11DS as a risk factor for immediate surgical
mortality in patients with PA-VSD with a relative risk of 2.4 compared to non-syndromic
patients as well as in patients with interrupted aortic arch.

A higher rate of postsurgical complications in 22q11.2DS patients was also reported
by Ziolkowska and colleagues [27]. The authors revealed that the postoperative period for
ToF and PA-VSD was complicated in the totality of patients with 22q11.2DS compared to a
small proportion of patients without deletion.

A recent study by Koth and colleagues [29] confirmed previous observations. The
authors investigated the role of 22q11.2DS in a cohort of patients with ToF/PA/MAPCAs
who were treated surgically, with primary or revision of the unifocalization, with or
without VSD closure, and they found that 22q11.2DS predisposes to a more complicated
postoperative course. Syndromic patients more frequently needed delayed sternal closure,
prolonged mechanical ventilation time, and extended intensive care and LOS due to the
extensive nature of this surgery.

3.3. Truncus Arteriosus (TA)

TA can be associated with 22q11.2DS in up to 35% of cases [37,71,72]. Among patients
with 22q11.2DS, the incidence of TA can rise up to 10% [8,38] (Table 1).

The reported data needed to be analyzed mindfully, as most of the studies were carried
out over a prolonged period and therefore, some techniques could have updated, impacting
their results over the study.
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In terms of surgical timing, the current literature reports a younger age at correction
in children with 22q11.2DS with TA, especially in the TA type 1, with the majority of
interventions performed during the neonatal period [73].

In addition, some studies have pointed out the association between genetic syndromes
and the need of unforeseen cardiac reoperations, without a definite explanation yet [74].
More specifically, regarding TA in 22q11DS, O’Byrne et al. showed a higher rate of reoper-
ation, without a clear underlying etiopathology [31]. The postoperative period is largely
more complicated when compared with non-syndromic patients, with the occurrence of
pleural effusion, arrhythmias, and need for dialysis. Specifically, in terms of non-cardiac
complications, Gupta et al. documented a similar rate of morbidity post TA correction with
or without 22q11.2DS. Nonetheless, fungal and wound infections without fungal septicemia
or positive blood cultures were more frequently documented in 22q11.2DS [33,75].

When compared to the control groups, some authors also reported a more common
need of gastrostomy postoperatively, which could be related to the known feeding issues
characterizing the syndrome itself. The time spent in the hospital prior to surgery was not
influenced by the presence of the syndrome, but postoperatively, it was longer in 22q11DS
subjects in most studies [31].

Consistently with a required longer total LOS, the 22q11DS population showed a
greater use of resources, as a need for longer mechanical ventilation (twice as long as the
control group), prolonged time of intensive care, and a more frequent use of consultation
and medical treatment at discharge.

The incidence of non-cardiac complications was also greater. Hamzah and colleagues
reported a postsurgical mortality rate from 6.9 to 11% [76-78]. Particularly, the authors
highlighted significant in-hospital mortality (more than 10% of cases). The reported mortal-
ity rate showed a steady trend and, interestingly, no significant decrease was seen over the
years of the study. Worse prognosis concerned neonates, especially in cases of prematurity
(i.e., GA < 37 weeks) and/or low birth weight (<2500 g). These subgroups presented an
increased odd risk mortality: OR = 1.95; 95% CI: 1.40-2.72; p < 0.001 and OR = 1.39; 95% CI:
0.95-2.03; p = 0.087, respectively. In neonates with 22q11.2DS undergoing TA repair, the
operative course was longer and more complex, in relation to non-cardiac features related
to the syndrome.

3.4. Interrupted Aortic Arch (IAA)

IAA occurs in about 5-20% of children with 22q11.2DS [8,9] (Table 1). In particular, the
most frequent form of IAA associated with 22q11.2DS is the IAA type B (IAA-B), in which
the interruption of the aortic arch is located between the left carotid artery and the left
subclavian artery [38]. Of all patients with IAA-B, 50-80% have 22q11.2DS, representing
one of the cardiac phenotypes more powerfully related to this genetic syndrome [43,50,67]
(Table 1).

The typical intracardiac phenotype of the IAA in 22q11.2DS includes a hypoplastic and
posteriorly deviated infundibular septum, particularly visible in type B anatomy [43,50]. A
bicuspid aortic valve and /or aortic annulus hypoplasia can be associated. An aberrant right
subclavian artery may also be present, particularly in association with IAA-B. In some cases,
IAA presents with other complex cardiovascular abnormalities, such as obstructive lesions
of the left ventricle outflow tract, particularly subaortic stenosis, which can complicate
surgical management. Finally, although more rarely, an association with RAA or TA has
also been described [43,50].

Some studies have previously shown that, although 22q11.2DS was not clearly ac-
knowledged as an additional risk factor per se, many of its anatomical features could
impact the surgical technique, contributing to increased mortality [24,79]. Anaclerio and
colleagues pointed out that after treatment for IAA, immediate surgical mortality was
higher in syndromic patients than in non-syndromic individuals with the same CHD,
as well as for AP-VSD [24]. A following study on a large cohort of neonates with IAA
demonstrated that in 22q11.2DS, specific anatomic features, such as a concomitant subaortic
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obstruction, was an incremental risk factor for mortality and affected initial left ventricular
outflow tract procedures. Other interesting data revealed that the characteristics of the arch
repair affected arch reintervention. Furthermore, the risk of mortality was increased if IAA
was associated with TA [79].

In addition, a report by Kyburz and colleagues found a high risk of mortality and
morbidity, mainly as the consequence of the severity of the CHD, but also influenced by
the concomitant extracardiac anomalies, indicating a mortality rate of 30% for IAA [26].

These results have not been confirmed by a more recent retrospective study on a larger
cohort of children undergoing neonatal repair for TA or IAA, comparing perioperative out-
comes between individuals with 22q11DS and those without deletion. Indeed, the authors
demonstrated that there were no significant differences in terms of immediate postsurgical
mortality between syndromic and non-syndromic patients [31]. The longer and more
complicated postoperative course in patients with 22q11.2DS appeared to be mainly related
to the need for reoperations due to an increase in residual lesions and /or cardiovascular
dysfunction, rather than to infections and immunodeficiency which were considered in
other studies as risk factors for postoperative morbidity and mortality [26,28,30,70].

In particular, the association between the presence of 22q11.2DS and prolonged total
LOS, longer time of mechanical ventilation and intensive care, and higher frequency of
cardiac events was statistically significant in the subgroup of patients with IAA. Further-
more, the duration of cardiopulmonary bypass and deep hypothermic circulatory arrest
was longer in patients with IAA than those with TA. Finally, the authors demonstrated
that, compared to non-syndromic individuals with IAA, patients with 22q11.2DS and IAA
required a greater number of subspecialty consultations and more medical treatments at
discharge, while feeding problems did not affect the length of hospitalization [31].

McDonald and colleagues also reported that postsurgical intensive care unit hospi-
talization was longer in patients with 22q11.2DS undergoing surgery for IAA than in a
non-syndromic group [28].

A very recent article demonstrated that the co-occurrence of simple and complex CHDs
in patients with 22q11.2DS and IAA resulted in a higher risk of hospital complications
(such as increased risk of gastrostomy tube placement and sepsis) compared with the
non-syndromic counterpart [80].

4. Perioperative Management

Various authors highlighted a significant risk of mortality and morbidity in patients
with 22q11.2DS when analyzing the postsurgical outcome and the possibility of a tailored
pre-surgical management. This risk has been subsequently stratified for different eras of
cardiac surgery, confirming a significant decrease during the recent years when compared
to what was previously reported [32].

Nonetheless, patients with 22q11.2DS undergo surgical palliation more frequently
than the complete surgical treatment (15 out of 40 cases reported by Kyburz et al., 2008) [26].
Severe postsurgical complications have been reported (more than 74% of cases) with a
higher risk of reintervention (46%), secondary to significant residual cardiac findings (71%).

An additional extracardiac surgery (more than 40% of cases reported) was often a
complication of the clinical outcome [26].

Different causes of death have been described in these patients. Even though mortality
for cardiac illness remains most frequently reported (more than 54% of cases), immunologi-
cal disorders sometimes worsen the outcome, particularly in patients younger than 2 years
who still experience a worse postoperative outcome [26].

The patients with 22q11DS frequently need a prolonged time of mechanical ventilation
postoperatively, with a consequent increased risk of lung infections. The same high risk
is corroborated by a significant percentage of reintubation over the following day post
operation. A dramatic risk of bacterial [32] or fungal infections, particularly evident as
wound infections, has been reported [33].



Children 2022, 9,772

9of 14

Moreover, the role of hypocalcemia has been suggested, by some authors, for its
impact on postsurgical outcomes. 22q11.2DS patients are well known to be prone to
severe hypocalcemia, particularly in the neonatal period. In persons with 22q11.2DS,
the high susceptibility to hypocalcemia, whether related to a preexisting condition of
hypoparathyroidism and/or surgery-induced stress, is responsible for an increased risk
of postoperative complications and mortality [81]. Yeoh and colleagues suggested that
a major role of low calcium levels in the postsurgical hemodynamic instability or in the
development of postoperative seizures might worsen the clinical outcome [32] (Table 2).

Table 2. Perioperative management of 22q11.2DS patients.

Problem Perioperative Management *)

- Pre-operative check of immunological status

- Antibiotic and antifungal prophylaxis

- Transfusion of filtered /irradiated and
cytomegalovirus-seronegative blood products

Immunological disorders

- Peri-operative check of calcium levels
Hypocalcemia - Pharmacological prophylaxis for patients affected by
hypocalcemia-induced seizures

Thrombocytopenia - Peri-operative check of platelet count

- Pre-operative multispecialist assessment
(anesthesiologist, otolaryngologist, and plastic
surgeon)

- MRI (if needed, in the suspicion of vascular rings or

Velopharyngeal, upper cervical
spine, and neck vessels

abnormalities . . .
to evaluate cervical spine anomalies and vascular
neck malformations)
Risk of pulmonary hyper-reactivity = - Peri-operative administration of targeted therapies,
and vasomotor instability if needed (bronchodilators and /or vasopressors)

(%) (Fung et al., 2015; Yeoh et al., 2014; Shen et al., 2011; Kato et al., 2003; Stransky et al., 2015; Sacca et al., 2017,
McElhinney et al., 2001; Shashi et al., 2003; Ackerman et al., 2001).

Ziolkowska and colleagues compared patients with CTDs, with and without 22q11.2DS,
and underlined, in the syndrome, a greater risk for heart failure (p = 0.020), pneumonia
(p <0.001), sepsis (p = 0.001), respiratory failure (p = 0.028), prolonged intubation/tracheostomy
(p = 0.014), laryngeal stridor (p < 0.001), and hypocalcemia (p = 0.015) [27].

Despite that the postsurgical outcome in these patients has vastly improved in the
recent period [21,22], all the above-mentioned data still justify a complex postoperative
period with complications to be expected [3].

Atallah et al. followed-up patients at 18-24 months and reported a lower neurode-
velopmental outcome, and a higher motor and mental delay with lower IQ scores [36].
Therefore, over the most recent times, single centers have considered different strategies in
order to reduce these increased risks. A longer duration of inotropic support or postop-
eratively antibiotic prophylaxis have been outlined by some authors when compared to
non-syndromic subgroups.

Conversely, some other authors suggested the importance of a preoperative immuno-
logical evaluation of the T cell function. This information could indeed lead consultants
and surgeons to a more specific postoperative antimicrobic management, in order to reduce
complications [32] (Table 2).

Due to the tendency of 22q11.2DS patients to manifest thrombocytopenia and pro-
longed time of bleeding, a complete blood and platelet count should be perioperatively
performed [32,82] (Table 2).
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The use of previously filtered or irradiated red cells should be carefully consid-
ered to reduce graft versus hosting disease in the time of transfusion or for aortic cross-
clamping [32].

Furthermore, a careful imaging study of some anatomical features, often found in
22q11.2DS (such as pharyngeal malformations, cervical spine anomalies, neck vessels
abnormalities, the possible presence of a vascular ring), can allow to reducing the risk of
complications during surgery [10,60,83,84] (Table 2).

Finally, targeted therapies (e.g., vasopressors and /or bronchodilators) may be required
due to an increased risk of hypotension, related to vasomotor instability, and airway over-
reactivity [85,86] (Table 2).

5. Conclusions

Over the years, the deep knowledge of the anatomic cardiac phenotype allowed the
adaptation of routine surgical techniques and has greatly improved surgical results in
patients with 22q11.2DS.

To date, although 22q11.2DS does not represent an independent risk factor for mor-
tality after cardiac surgery, the short-term surgical outcome may vary for subgroups of
patients with specific cardiac phenotypes, especially in patients with PA-VSD and MAPCAs
due to unfavorable pulmonary vascular anatomy. Different surgical outcomes have been
reported by different centers in the last decades. Certainly, the reason is multifactorial
depending on variables such as the sample size of population of patients, age and weight
of patients at the moment of the operation, primary or staged surgical approach, metabolic
abnormalities, and undetected infections. Considering that the presence of this genetic
syndrome and related comorbidities may adversely affect the postoperative course, re-
sults of cardiac surgery of the more recent studies are extremely relevant to preoperative
counseling, to guide surgical decisions, and for tailored perioperative management.

With a deeper understanding of cardiac phenotypes, perioperative management and
genotype—phenotype correlations of patients with 22q11.2DS, it will be possible to offer
to families, even in the prenatal period, appropriate counseling in terms of prognosis, to
plan surgical procedures, and to define postoperative management strategies in order to
improve outcomes and resource management when taking care of this highly complex
population of patients.
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