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Abstract

Objectives—Deletion of 22q11.2 (del22q11) is associated with adverse outcomes in patients
with tetralogy of Fallot (TOF). We sought to investigate its contribution to perioperative outcome
in patients with a severe form of TOF characterized by pulmonary atresia (PA) or severe
pulmonary stenosis (PS) and major aortopulmonary collateral arteries (MAPCAS).

Methods—We conducted a retrospective review of patients with TOF/MAPCAS who underwent
staged surgical reconstruction between 1995 and 2006. Groups were compared according to
22011.2 deletion status using #tests or the Wilcoxon Rank sum test.

Results—We included 26 subjects, 24 of whom survived the initial operation. Of those, 21
subjects had known deletion status and constitute the group for this analysis [15 with no deletion
present (ND) and 6 del22g11subjects]. There was no difference with respect to occurrence of
palliative procedure prior to initial operation, or to timing of closure of the ventricular septal
defect (VSD). Other than higher prevalence of prematurity (50%) in the del22q11 group vs. no
prematurity in the ND, the groups were comparable in terms of pre-operative characteristics. The
intra and post-operative course outcomes (length of cardiopulmonary bypass, use of vasopressors,
duration of intensive care and length of hospital stay, tube-feeding) were also comparable.
Although the del22q11 had longer mechanical ventilation than the ND this difference was not
significant (68 hours (range 4-251) vs. 45 hours (range 3-1005), p=0.81.
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Conclusions—In this detailed comparison of a small patient cohort, 22q11.2 deletion syndrome
was not associated with adverse perioperative outcomes in patients with TOF, PA and MAPCAS
when compared to those without 22q11.2 deletion syndrome. These results are relevant to pre-
natal and neonatal pre-operative counseling and planning.

Introduction

Methods

The 22g11.2 deletion (del22q11) (DiGeorge syndrome) is present in about 13% of tetralogy
of Fallot (TOF) cases and in greater than 30% of subjects when there is TOF with
pulmonary atresia (PA) and major aorto-pulmonary collateral vessels (MAPCAS).1: 2. 3-7
The presence of a genetic syndrome alone has been thought to increase morbidity and
mortality in TOF.8 In addition, non-cardiac abnormalities and malformation syndromes
appear to be independent risk factors for prolonged intubation, re-intubation and longer
intensive care duration.% 19 We have previously demonstrated that del22q11 is associated
with worse perioperative outcome in the TOF subset with pulmonary stenosis (PS) or PA
that underwent surgical repair with closure of the ventricular septal defect (VSD) as either a
single stage operation or one preceded by an aortopulmonary shunt.1! In the more complex
TOF subset associated with MAPCAS, del22g11 is associated with increased mortality in
one report irrespective of the degree of pulmonary artery hypoplasia.® Risk stratification and
counseling of families of patients with del22q11 is therefore of paramount importance.
Understanding how genotype impacts outcomes might guide surgical decisions,
perioperative care and pre and post-natal counseling. We sought to investigate the
association of del22g11 and perioperative outcomes in patients with TOF/MAPCAS that
survived the initial surgical procedure.

Study population

The study protocol was approved by the Institutional Review Board for the Protection of
Human Subjects at The Children’s Hospital of Philadelphia (CHOP). We conducted a
retrospective chart review of patients that underwent surgical repair for complex TOF at
CHOP between 1995 and 2006. We defined the study population as complex TOF if the
diagnosis was TOF with severe PS or PA with MAPCAS. Surgical repair was categorized as:
1) pulmonary artery unifocalization with relief of right ventricular (RV) outflow tract
obstruction and no VSD closure, and 2) pulmonary artery unifocalization with relief of RV
outflow tract obstruction as a first stage and VVSD closure in a subsequent stage. We included
patients that had an aorto-pulmonary shut or other palliative procedures prior to the first
operation. Those with PA/severe PS without MAPCAS that received a complete intracardiac
repair in a single stage were excluded. Only subjects with known del22g11 status (confirmed
via chart review) were included in the analysis. The hospital’s cardiothoracic surgical
database was used for subject ascertainment.

Data collection

Hospital medical records were reviewed to abstract the demographic and relevant clinical
variables from the surgical hospitalizations. For those with more than one surgical
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admission, cumulative data are presented. Subjects were grouped according to del22g11
status. Major congenital anomalies (e.g. cleft palate, intestinal malrotation, tracheo-
esophageal fistula) were recorded. Intensive care was defined as the time between
postoperative admission to the cardiac intensive care unit to the time of discontinuation of
mechanical ventilation, removal of chest tubes and intracardiac lines, and discontinuation of
vasoactive medications. Operative and peri-operative variables included cardiopulmonary
bypass (CPB) duration, cardiac and non-cardiac events, discharge feeding status, and
number of medications. Examples of non-cardiac events recorded included number of
consulting services, infections requiring antibiotic treatment, post-operative seizures
confirmed by electroencephalogram, pleural effusions requiring drainage, and tracheostomy.
Examples of cardiac events recorded included pericardial effusions requiring
pericardiocentesis, arrhythmias requiring treatment, post-operative cardiac catheterizations,
re-operations, and cardiac arrest requiring resuscitation, and mechanical circulatory support.

Statistical Analysis

Results

Subjects were divided into two groups according to del22q11 status. Demographic,
anatomic, pre-operative and post-operative characteristics were compared. Continuous
variables were described as mean and standard deviation (SD) or as median with ranges
(minimum-maximum), where appropriate. Categorical variables were described as
frequencies and percentages. The differences between subjects with a del22g11 and those
without a del22g11 (ND) were compared using Student’s £test or Wilcoxon rank-sum test as
appropriate for continuous variables and Fisher’s exact test for categorical variables. The
significance level for two-sided hypothesis testing was set at 0.05. All analyses were
performed using Stata 13.1 (StataCorp, College Station, TX).

The study included 26 subjects, 24 of whom survived the initial operation. Two deaths
occurred after the first operation (both ND patients, received unifocalization, RV to
pulmonary artery conduit and had the VVSD left open). Of the 24 survivors, deletion status
was confirmed in 21, of which 15 (71.4%) were ND and six (28.6%) had del22q11. There
were 16 males and 8 females. Most subjects (80%) were born full term (> 37 weeks
gestation) in the ND group, as compared to 50% in the del22q11 group (p=0.025). Most
subjects were diagnosed post-natally, and were fed orally upon admission. The ND group
had a trend towards a greater number of admissions prior to the initial operation, as
compared to the del22q11 group (p=0.05). Otherwise, there were no significant differences
in demographic, anatomic, or other pre-operative characteristics between the groups (Table
1).

Both groups reached VSD closure with equal frequency. The del22q11 and ND subjects
were comparable in terms of length of cardiopulmonary bypass and deep hypothermic
circulatory arrest. The post-operative intensive care course was similar between the two
groups. There was no statistically significant difference in the duration of mechanical
ventilation, number of vasoactive medications used, or number of days of intensive care.
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Finally, the length of hospital stay and the total number of medications upon hospital
discharge were similar (Table 2).

Discussion

In this small but detailed comparison of perioperative outcomes in surgical survivors with
TOF/MAPCAS, contrary to our expectation, we found that del22q11 status had no
significant adverse impact on perioperative outcomes. Other than a higher prevalence of
prematurity and fewer pre-operative admissions in the del22q11 group, there were no
significant predictors of perioperative outcome or resource utilization measured in this study.

We have found that the del22q11 group had a higher prevalence of prematurity. Other
studies have not reported an association of del22q11 and prematurity.12:13 In our prior study
of patients with TOF that underwent a single stage complete repair, we did not find
prematurity to be more prevalent in the del22g11 group, or for prematurity to be associated
with perioperative outcomes.}! Because of the potential impact of prematurity on cardiac
surgical outcome and its known association with neurological outcomes in del22g11
syndrome, this finding warrants future investigation.

The ability to reach VSD closure was comparable in the 22q11 and ND groups, similarly to
prior reports.1: 14 In the present study we found no difference in the length of mechanical
ventilation between the 22q11 and ND groups, a finding similar prior studies.1® 16 Likewise,
despite the fact that the del22q11 group received vasoactive medications for two additional
days as compared to the ND, we found that this difference was not statistically significant.
For comparison, a study examining the influence of del22q11 on the post-operative course
of patients with conotruncal defects demonstrated that patients with TOF and del22q11 had
longer intensive care and overall hospital stay as compared to those without a del22g11.
However, that study did not report results separately for patients with TOF/MAPCAS.1> We
have previously shown that after surgical repair for truncus arteriosus and interrupted aortic
arch, patients with del22q11 have worse post-operative outcome with longer duration of
intensive care and length of hospital stay, and a trend towards longer duration of mechanical
ventilation.1” These differences between the ND and the del22q11 groups suggest that the
del22g11 could have a different effect on outcome depending on the complexity of the heart
defect. Interestingly, all of these reports, including the present study, did not find a
difference in feeding status upon discharge, even though clinicians may expect those with
del22g11 to have more feeding difficulties and be discharged more commonly on gastric
feeds.

In the present analysis, the number of medications at discharge was comparable between the
groups. This lack of difference is an additional indication that the postoperative course of
this group of complex TOF patients is not influenced by 22g11 deletion status. This finding
is in contrast to what was observed in older patients with TOF and 22g11 deletion who were
found to have greater number of hospitalizations, consultation with specialists, and use more
medications as compared to those without a 22q11 deletion. 18 It is possible, therefore, that
the potentially greater morbidity seen in del22q11 patients could become more pronounced
over time. To this extent, a study examining the long-term outcome of a similar population
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demonstrated that over a follow up time of 14 years, patients with del22q11 had a hazard of
death eight times that of those without a del22q11, with greater mortality observed in the
first 50 months of life.1 The association of del22q11 with adverse long-term outcome could
be in part secondary to worse aorto-pulmonary arterial morphology, even though there is
evidence to suggest that del22g11 is a risk factor for death in TOF/MAPCAS independent of
major aortopulmonary collaterals.8: 1

In summary, we had hypothesized that differences found in our previous studies of the
influence of del22g11 on outcome in TOF would be more pronounced in patients with TOF/
MAPCAS, who are known to have a less favorable phenotype. However, our findings
demonstrate that the overall perioperative course amongst survivors was comparable
between the groups, either because our study was underpowered to detect differences, or
because TOF with the presence of MAPCAS may have a greater impact on outcome than
22q11.2 deletion status. It is also possible that the impact of del22g11 will have greater
effect on the long-term outcome in TOF. This supposition warrants future investigation.

Limitations

Our study has several potential limitations. First, this was a retrospective analysis at a single
center, such that our results might not be generalizable other than to tertiary care institutions.
Second, we were limited by a small sample size because we only included subjects with
confirmed deletion status. Therefore, some of the comparisons could have resulted in
significant findings with a larger sample size.

Conclusions

Summary

In a small population of TOF/MAPCAS, perioperative outcomes were comparable in those
with and without a del22g11. These results can be used towards family counseling and
surgical planning. Future larger studies will help understand whether outcomes will differ in
larger study cohorts and in the long-term.

This study examined a small group of TOF patients with complex TOF and suggests that
22011.2 deletion status may not influence perioperative course in this particular subset of
patients Furthermore, it is possible that the presence of a 22q11 deletion does not add

additional morbidity in TOF/MAPCAS given that this is the most complex form of TOF.

Acknowledgments

Funding: This work was supported by NHLBI P50-HL74731, U01HL098153, and KO1HL125521.

We would like to thank Sharon M. Edman, MS, for her extensive work in data organization and management. fy this
to show the groups by VSD closure status- need Okan for this.

References

1. Carotti A, Albanese SB, Filippelli S, Rava L, Guccione P, Pongiglione G, Di Donato RM.
Determinants of outcome after surgical treatment of pulmonary atresia with ventricular septal defect

Pediatr Cardiol. Author manuscript; available in PMC 2019 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mercer-Rosa et al.

10

11.

12.

13.

Page 6

and major aortopulmonary collateral arteries. J Thorac Cardiovasc Surg. 2010; 140:1092-103.
[PubMed: 20850144]

. Ishibashi N, Shin’oka T, Ishiyama M, Sakamoto T, Kurosawa H. Clinical results of staged repair

with complete unifocalization for pulmonary atresia with ventricular septal defect and major
aortopulmonary collateral arteries. Eur J Cardiothorac Surg. 2007; 32:202-8. [PubMed: 17512210]

. Trainer AH, Morrison N, Dunlop A, Wilson N, Tolmie J. Chromosome 22g11 microdeletions in

tetralogy of Fallot. Arch Dis Child. 1996; 74:62-3. [PubMed: 8660052]

. Takahashi K, Kido S, Hoshino K, Ogawa K, Ohashi H, Fukushima Y. Frequency of a 22q11 deletion

in patients with conotruncal cardiac malformations: a prospective study. Eur J Pediatr. 1995;
154:878-81. [PubMed: 8582397]

. Peyvandi S, Lupo PJ, Garbarini J, Woyciechowski S, Edman S, Emanuel BS, Mitchell LE,

Goldmuntz E. 22g11.2 deletions in patients with conotruncal defects: data from 1,610 consecutive
cases. Pediatr Cardiol. 2013; 34:1687-94. [PubMed: 23604262]

. Goldmuntz E, Driscoll D, Budarf ML, Zackai EH, McDonald-McGinn DM, Biegel JA, Emanuel

BS. Microdeletions of chromosomal region 22¢11 in patients with congenital conotruncal cardiac
defects. J Med Genet. 1993; 30:807-12. [PubMed: 7901419]

. Amati F, Mari A, Digilio MC, Mingarelli R, Marino B, Giannotti A, Novelli G, Dallapiccola B.

2211 deletions in isolated and syndromic patients with tetralogy of Fallot. Hum Genet. 1995;
95:479-82. [PubMed: 7759065]

. Mahle WT, Crisalli J, Coleman K, Campbell RM, Tam VK, Vincent RN, Kanter KR. Deletion of

chromosome 22g11.2 and outcome in patients with pulmonary atresia and ventricular septal defect.
Ann Thorac Surg. 2003; 76:567-71. [PubMed: 12902105]

. van Dongen El, Glansdorp AG, Mildner RJ, McCrindle BW, Sakopoulos AG, VanArsdell G,

Williams WG, Bohn D. The influence of perioperative factors on outcomes in children aged less
than 18 months after repair of tetralogy of Fallot. J Thorac Cardiovasc Surg. 2003; 126:703-10.
[PubMed: 14502142]

. Doell C, Bernet V, Molinari L, Beck I, Balmer C, Latal B. Children with genetic disorders
undergoing open-heart surgery: are they at increased risk for postoperative complications? Pediatr
Crit Care Med. 2011; 12:539-44. [PubMed: 21057364]

Mercer-Rosa L, Pinto N, Yang W, Tanel R, Goldmuntz E. 22q11.2 Deletion syndrome is associated
with perioperative outcome in tetralogy of Fallot. J Thorac Cardiovasc Surg. 2013; 146:868-73.
[PubMed: 23312975]

Goldenberg RL, Culhane JF, lams JD, Romero R. Epidemiology and causes of preterm birth.
Lancet. 2008; 371:75-84. [PubMed: 18177778]

Tanner K, Sabrine N, Wren C. Cardiovascular malformations among preterm infants. Pediatrics.
2005; 116:e833-8. [PubMed: 16322141]

14. Bauser-Heaton H, Borquez A, Han B, Ladd M, Asija R, Downey L, Koth A, Algaze CA, Wise-

15.

16.

17.

Faberowski L, Perry SB, Shin A, Peng LF, Hanley FL, McElhinney DB. Programmatic Approach
to Management of Tetralogy of Fallot With Major Aortopulmonary Collateral Arteries: A 15-Year
Experience With 458 Patients. Circ Cardiovasc Interv. 2017:10.

McDonald R, Dodgen A, Goyal S, Gossett JM, Shinkawa T, Uppu SC, Blanco C, Garcia X, Bhutta
AT, Imamura M, Gupta P. Impact of 22g11.2 deletion on the postoperative course of children after
cardiac surgery. Pediatr Cardiol. 2013; 34:341-7. [PubMed: 22864648]

Asija R, Koth AM, Velasquez N, Chan FP, Perry SB, Hanley FL, McElhinney D. Postoperative
Outcomes of Children With Tetralogy of Fallot, Pulmonary Atresia, and Major Aortopulmonary
Collaterals Undergoing Reconstruction of Occluded Pulmonary Artery Branches. Ann Thorac
Surg. 2016; 101:2329-34. [PubMed: 26947013]

O’Byrne ML, Yang W, Mercer-Rosa L, Parnell AS, Oster ME, Levenbrown Y, Tanel RE,
Goldmuntz E. 22q11.2 Deletion syndrome is associated with increased perioperative events and
more complicated postoperative course in infants undergoing infant operative correction of truncus
arteriosus communis or interrupted aortic arch. J Thorac Cardiovasc Surg. 2014; 148:1597-605.
[PubMed: 24629220]

Pediatr Cardiol. Author manuscript; available in PMC 2019 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Mercer-Rosa et al. Page 7

18. Mercer-Rosa L, Paridon SM, Fogel MA, Rychik J, Tanel RE, Zhao H, Zhang X, Yang W, Shults J,
Goldmuntz E. 22q11.2 deletion status and disease burden in children and adolescents with
tetralogy of Fallot. Circ Cardiovasc Genet. 2015; 8:74-81. [PubMed: 25561045]

19. Chessa M, Butera G, Bonhoeffer P, Iserin L, Kachaner J, Lyonnet S, Munnich A, Sidi D, Bonnet D.
Relation of genotype 22q11 deletion to phenotype of pulmonary vessels in tetralogy of Fallot and
pulmonary atresia-ventricular septal defect. Heart. 1998; 79:186-90. [PubMed: 9538314]

Pediatr Cardiol. Author manuscript; available in PMC 2019 June 01.



1duosnuey Joyiny

1duosnuen Joyiny

Mercer-Rosa et al. Page 8

Table 1

Patient characteristics

Total (N=21)  del22q11 (N=6) ND (N=15) P-value

Male 14 (67) 6 (100) 8 (53) 0.061
Female 7(33) 0 7 (47)
Gestational Age
Full term (> 37 weeks) 15 (83.3) 3 (50) 12 (100) 0.025
Premature (< 37 weeks) 3(16.7) 3 (50)
Time of diagnosis
Prenatal 2 (10) 0(0) 2 (14.3) 0.999
Postnatal 18 (90) 6 (100) 12 (85.7)
Birth weight, kg 33(1.7-44) 33(18-44) 23(1.7-35) 0286
Admission weight, kg 6.0(3.0-125) 6.0(3.0-125) 55(4.0-83) 0.480
Dysmorphic facial features 11 (52.4) 4 (66.7) 7 (46.7) 0.41
Head anomalies 3(14.2) 0 3(20) 0.20
Palate malformations 1(4.7) 0 1(6.7) 0.63
Renal anomalies 2(9.5) 0 2(13.3) 0.33
Neurologic problems (hypertonia, seizure) 2(9.5) 0 2(13.3) 0.38
Prior hospitalizations 13 (68.4) 2(33.3) 11 (84.6) 0.046
Prior palliation procedure with AP shunt
Yes 5 (23.8) 1(16.7) 4(26.7) 0.999
No 16 (76.2) 5 (83.3) 11 (73.3)

Data are presented as counts (percentage) or as median (range)

Extracardiac malformations were not available by chart review for some patients.
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Outcomes by deletion status

Table 2

Total (N=21) del22g11 (N=6) ND (N=15) P-value

Hypothermic circulatory arrest (hours) 052 (0-1.3) 0.45(0-1.3) 0.72(0-1.3) 0.75
Hospitalization characteristics

Medications on discharge, n (%) 4.0 (2.0-10.0) 4.0(2.0-10.0) 4.0(2.0-7.0) 0.49
Medication count/day 46(29-77) 44(29-6.9) 6.2(3.7-7.7) 0.061
Hospital stay, days 10.0 (4.0 - 86.0) 11.0 (4.0 - 86.0) 9.0 (7.0 - 21.0) 0.41
Total days of intensive care 8.0 (4.0-86.0) 8.0 (4.0-386.0) 7.5 (5.0-16.0) 0.72
Length of NPO 3.0 (0-21.0) 2.0 (0-21.0) 35(1.0-7.0) 0.81
Length of tube feeds 0 (0-62.0) 0 (0-62.0) 0(0-4.0) 0.47
Length of tube +oral feeds 0(0-17.0) 0(0-17.0) 0(0-2.0) 0.38
Length of oral feeds 6.0 (1.0-16.0) 4.0 (1.0-16.0) 6.0 (4.0-11.0) 0.39
Number of hours intubated 51.7 (3.4-10055) 44.7(3.4-10055) 67.8(3.6—251.1)  0.81
Days of vasoactive medication use 4.0 (0-19.0) 3.0(0-19.0) 4.0(2.0-8.0) 0.48

Data are presented as counts (percentage) or as median (range)
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