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Abstract: Background: Patients with genetic syndromes who undergo surgery to correct congenital heart defects can be at risk for increased morbidity or mortality. Surgical outcomes and postoperative courses following congenital heart surgery in patients with Kabuki-Syndrome (KS) have not been well studied. Objectives: The purpose of this study was to describe the postoperative courses and associated outcomes in the largest set of KS patients undergoing congenital heart surgery to date. Methods: Patients with a confirmed molecular diagnosis of KS and a diagnosis of a CHD admitted to Texas Children’s Hospital between January 1, 2000 and January 1, 2020 were included (n = 20). Demographics and medical histories were collected from the hospitals’ electronic health records. Results: Of 20 patients identified with KS and a CHD, 15 required surgical correction of their congenital cardiac malformation. Median age and weight at the time of surgery was 2 months and 4.1 kg, respectively. Median duration of hospital stay was 49 days for all surgeries and 151 days for the Norwood procedure. Postoperative infections and pleural effusions were detected and treated in 45.8% and 50% of patients, respectively. There was no in-hospital mortality for any surgery. Median follow up time was 5.6 years; survival at 6 years was 94%. Conclusions: Although KS patients seem to be at increased risk for a more complicated, prolonged postoperative course than that of patients without a genetic syndrome, patients with a diagnosis of a CHD and KS do not appear to be at increased risk of mortality following congenital heart surgery.
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1  Introduction

Congenital heart disease is often accompanied by concurring genetic syndromes that present with a constellation of extracardiac findings [1,2]. Populations with well described genetic syndromes such as Turner (TS), Noonan, DiGeorge Syndrome (DGS), and William’s syndromes have shown an increased risk for developing complicated postoperative courses after undergoing congenital heart surgery [3–5]. Less well described, Kabuki syndrome (KS) is a rare, heterogeneous, multiple congenital malformation syndrome caused by a heterozygous mutation in the KMT2D (KS-1) or KDM6A (KS-2) with variable phenotypic expression. It is characterized by mild-to-moderate intellectual delay, skeletal anomalies, and distinctive facies [6,7]. KS has been associated with an increased risk for development of feeding difficulties, autoimmune disorders, and immunodeficiency, and an increased susceptibility to respiratory infections [8–12]. Patients with KS also frequently present with a variety of skeletal and visceral anomalies including growth deficiency, cleft palate, renal and hepatic anomalies, anorectal malformations, and congenital heart defects (CHDs) [10,13–17].

Cardiac anomalies described in children with KS include left sided obstructive lesions such as aortic coarctation, bicuspid aortic valve, aortic and/or mitral stenosis, and hypoplastic left heart syndrome. These account for about 47% of CHDs in patients with KS [18–20]. Less frequently, patients are diagnosed with atrial and ventricular septal defects, patent ductus arteriosus, or patent foramen ovale [9,10,19,21]. Although these patients often require corrective surgery for their cardiac anomalies, the outcomes and postoperative course of patients with KS have not been thoroughly studied due to the rare incidence [22].

Against this background, we describe all patients with genetically proven KS and diagnosed CHDs at Texas Children’s Hospital over the course of twenty years. We describe the surgical and postoperative courses for the largest cohort to date of patients with KS undergoing congenital heart surgery.

2  Methods

2.1 General

This study was conducted as a single-center retrospective review at Texas Children’s Hospital, Houston, TX, USA. Patients were identified by an internal electronic query through the internal Heart Center database for all patients registered under a diagnosis code for KS from January 1, 2000, to January 1, 2020. Those without molecular testing to confirm the clinical suspicion of KS were excluded. As the genetic basis for KS was first identified in 2010, a number of these molecular diagnoses occurred several years after patients underwent surgery. Patients who appeared in the query but had received their cardiac surgery or postoperative care at another institution were also excluded.

We included demographic data (age, race, sex) and pre-partum and peri-partum histories. Additionally, we described information regarding the clinical presentation of non-cardiac abnormalities and the specific CHDs. For patients with CHDs, we compiled their surgical and interventional treatments and postoperative data, using preselected variables to accurately reflect the complications faced during the postoperative course. Subsequent to hospital discharge, complications other than mortality were not considered.

The Institutional Review Board at Baylor College of Medicine approved this study; informed consent was waived.

2.2 Definition of Terms

Patients were grouped by cardiac anatomic lesions and congenital cardiac surgery. Norwood and Glenn procedure subgroups included patients undergoing first and second stage palliation for Hypoplastic Left Heart Syndrome (HLHS). The “coarctation repair” group included patients undergoing coarctation repair with extended end-to-end anastomosis (n = 3), repair of aortic arch using aortic arch advancement (n = 2), and repair of residual coarctation (n = 1). Interventional surgeries that did not fall into the above categories are categorized as “other.”

For this study, pleural effusion and duration of pleural effusion are defined by moderate to severe pleural effusion reported by radiologists. Similarly, pericardial effusion was defined as moderate to severe pericardial effusion observed by cardiologists on echocardiogram. We defined glycemic homeostasis disturbance as a sudden fluctuation in blood glucose levels noted by intensivists.

2.3 Data Analysis

Continuous values are reported as median followed by the range, minimum and maximum, in brackets. Discrete values are reported as the number of patients followed by a frequency, in parentheses. We used Kaplan-Meier estimators for survival analysis [23].

3  Results

We identified 20 patients with genetically confirmed KS and concurrent CHD at our institution. The demographic distribution, clinical features, and pregnancy course of these 20 patients are described in (Tab. 1). The patient population consisted of an even distribution of males and females (11/9 = 55/45%) and most patients were white (17/20 = 85%). While receiving antenatal care, 7/20 (35%) patients were diagnosed with a cardiac malformation via ultrasound. The median birth weight was 2.93 kg [1.8–4.0 kg]. Patients demonstrated characteristic KS facies (20/20 = 100%), mild to moderate developmental delay (20/20 = 100%), immunodeficiency (15/20 = 75%), and gastrointestinal anomalies such as GERD and a persistent inability to feed (19/20 = 95%), for which 16 patients (80%) required a gastrostomy tube. Less frequently, these patients presented with renal displacement (7/20 = 35%), cleft palate (5/20 = 25%), and the hearing deficiency (9/20 = 45%).

Table 1: Demographics, clinical features, pregnancy course, and surgical interventions in all 20 patients shown to have Kabuki syndrome by genetic testing and a confirmed CHD diagnosis (n = data points recorded)
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APGAR = appearance, pulse, grimace, activity, and respiration; ASD = atrial septal defect; CoA = coarctation of the aorta; CMP = cardiomyopathy; GERD = gastroesophageal reflux disease; PDA = patent ductus arteriosus; PFO = patent foramen ovale; VSD = ventricular septal defect

The most frequent CHDs identified were HLHS (5/20 = 25%), coarctation of the aorta with or without an additional defect (5/20 = 25%), and Shone’s complex (3/20 = 15%). All but five patients with CHDs underwent palliative or corrective congenital heart surgery. Patients who did not undergo surgery did not do so because surgery was not clinically indicated for their condition. These conditions, listed in (Tab. 1), included dilated cardiomyopathy, mildly dysplastic aortic and pulmonary valves, atrial septal defect, and tricuspid valve hypoplasia, as well as a combined condition consisting of a patent ductus arteriosus, patent foramen ovale, and a portosystemic shunt.

Fifteen patients with KS underwent a total of 24 congenital heart surgeries. The demographic distribution, clinical features, and pregnancy course of this subpopulation are described in (Tab. 2). Of patients who required cardiac surgery (15/20 = 75%), eight (53%) underwent only one surgery, four (27%) underwent two surgeries, and three (20%) patients underwent three surgeries. Upon surgery, 11 of the 15 patients (73%) were noted to have especially friable cardiac tissues, and seven (47%) patients were noted to have an abnormally small thymus. The individual surgeries performed are summarized in (Tab. 2).

Table 2: Demographics, clinical features, pregnancy course, and surgical interventions in the 15 patients shown to have Kabuki syndrome by genetic testing who also underwent cardiac surgery (n = data points recorded)
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APGAR = appearance, pulse, grimace, activity, and respiration; ASD = atrial septal defect; CoA = coarctation of the aorta; GERD = gastroesophageal reflux disease; PDA = patent ductus arteriosus; PFO = patent foramen ovale; VSD = ventricular septal defect

The postoperative courses following these 24 surgeries are outlined by (Tab. 3). Median age and weight at the time of first surgery were 2 weeks and 3.1 kg, respectively. The median duration of stay in ICU for all surgeries was 39 days, and the median duration of hospital stay was 49 days. However, these values vary widely among the surgeries performed (Tab. 3). The Norwood procedure showed the longest median ICU and hospital stays, with 135 and 151 days, respectively, whereas coarctation repairs showed a median ICU stay of 8 days and a median hospital stay of 13.5 days. Either viral or bacterial infections were detected postoperatively in 45.8% of patients. The coarctation repair group had only one postoperative infection (16.7%); four of five patients who underwent the Norwood procedure developed an infection (80%), three of which were viral and one of which was bacterial. Half of the patients developed pleural effusions postoperatively that persisted for a median duration of 4.5 days, although the duration of pleural effusions following the Norwood procedure was longer at 13.5 days. One patient, previously requiring pulmonary artery banding, required temporary extracorporeal membrane oxygenation for four days due to the inability to wean off cardiopulmonary bypass following Norwood palliation. Only one patient (20%) in our single ventricle cohort underwent unplanned cardiac reintervention following Norwood palliation, requiring Blalock-Taussig shunt revision. On discharge echocardiogram following Glenn procedure, two HLHS patients showed mild tricuspid regurgitation, but no other functional abnormalities were identified. Additionally, 37.5% of patients developed a glycemic homeostasis disturbance during their time in the ICU; these patients were relatively evenly distributed among the surgical groups. Although some postoperative courses were significantly complicated, there was no in-hospital mortality up to the date of data collection, with overall survival of 94% [0.25–19 years]. Median follow up time was 5.6 years, survival at 6 years was 94%. Survival outcomes are further illustrated by (Fig. 1).

Table 3: Surgical variables and postoperative course variables for 15 KS patients undergoing 24 cardiac surgeries
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*Missing values were not included in calculations

ACP = antegrade cerebral perfusion; CPB = cardiopulmonary bypass; NIV = non-invasive ventilation
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Figure 1: Kaplan-Meier survival curve for 15 KS patients undergoing congenital heart surgery. Median follow up time was 5.6 years

Five of the 15 patients underwent Norwood procedures at a median age of 2 weeks and a median weight of 2.9 kg. There was no inter-stage mortality. Those patients subsequently underwent Glenn procedures at a median age of 6 months and a median weight of 5.6 kg. The median duration of stay in the ICU for patients after the Glenn procedure was 26 days and the median duration of hospital stay was 50 days (Tab. 2). All patients survived to hospital discharge; one patient died at home ten months postoperatively.

4  Discussion

Our study is the largest to date of patients with KS undergoing congenital heart surgery. Of 20 patients with a confirmed diagnosis of KS and CHD, 15 required congenital heart surgery. Nine patients underwent only one cardiac surgery; three patients had two surgeries; three patients had 3 surgeries. There was no in-hospital mortality with long-term survival of 94%. Although we experience that these patients had longer postoperative courses than patients without a genetic condition, we did not observe an increased mortality rate.

CHDs are common findings in a variety of genetic syndromes besides KS, including Down Syndrome, TS, and DGS. These groups of patients are reported to have increased postoperative complications, including increased duration of stay, increased rate of infection, and increased duration of mechanical ventilation [4,24–26]. Only one patient had an unplanned cardiac reintervention during their postoperative course, leading us to conclude that residual cardiac lesions did not contribute significantly to their complicated postoperative courses. Patients with Down Syndrome have been found to have relatively similar rates of mortality associated with the Norwood procedure as patients without a genetic syndrome, at 14% [24]. However, patients with TS and DGS were found to have significantly increased morbidity and mortality rates when compared to a population without any chromosomal condition [4,26]. The mortality rate for patients with CHD and DGS is reported at 22.4%; mortality rates for patients with TS and generalized CHD are low, but the mortality rate for patients with TS and HLHS is reportedly as high as 75% after Glenn procedure [26]. Our population had similar rates of complications and longer postoperative courses when compared to these groups; however, the survivability of our patients is very favorable at 94% overall and 80% after undergoing the Glenn procedure.

Patients with KS and HLHS seemed to have longer postoperative courses, although not more complicated by infections or pleural effusions than patients with KS undergoing other congenital heart surgeries. The duration of ICU stay, median 135 days (range 59–221 days), for patients with KS after Norwood procedure is much longer than in infants without a genetic condition, which has been reported as median 9 days [27]. Concurrently, the total hospital length of stay for these patients, median 151 days (range 69–359 days), was significantly longer than the median duration at our institution in 2010, 21 days, for patients without a genetic condition [28]. Additionally, in an unpublished case series examining Norwood palliation in 19 HLHS patients from 2018 to 2019 without any genetic syndromes, Morales-Demori and Anders showed that both ICU (median 47 days) and hospital (median 102 days) length of stay have increased at our institution. Despite this, we observed a longer length of stay in both the ICU and the hospital length of stay in our population with KS. Although one study reports only 21.6% of patients undergoing Norwood procedures requiring intubation longer than 7 days [29], our patients had a median duration of invasive ventilation of 27 days (range 12–207 days). Additionally, 80% of our patients developed either bacterial or viral infections, requiring antibiotic treatment that lasted a median of 125 days (range 2–168 days). Despite the postoperative course being seemingly longer and more complicated than recorded in the literature for patients without a genetic condition, the outcomes for patients with KS in our cohort were excellent. Whereas in-hospital mortality rates in standard patients with HLHS who undergo the Norwood procedure have been reported between 15 and 22% [27,29,30], our patients had no in-hospital or 30-day mortality. After undergoing the Norwood procedure, an estimated 15% of infants without a genetic condition die before the Glenn procedure [31,32]. However, in our cohort, there was no inter-stage mortality. One patient died ten months after undergoing the Glenn procedure. Ultimately, our cohort of patients with KS and HLHS appears to have a lengthier and more complicated postoperative course than patients who have not been diagnosed with a genetic abnormality; nevertheless, survivability in our cohort was very favorable.

4.1 Limitations

Our database review yielded limited information on a number of variables, including the cause of death for our singular patient who died after having a Glenn procedure, duration of use of inotropic agents, duration of chest tube usage, and outcomes after hospital discharge. The small number of patients within our cohort (20 overall, 15 for surgical outcomes), renders it difficult to draw statistically significant conclusions about the relationship between KS and the outcomes we observed. Regardless, we describe the largest number of patients with KS compared to the current literature, in hopes that this information combined with future research can improve the overall prognosis of these patients.

5  Conclusion

In our cohort, we found that patients with KS appear to be at an increased risk of having a prolonged postoperative course with more complications than patients without any genetic condition. We found that although the length of stay varied widely between subgroups, the rate of complications remained similar amongst patients with KS undergoing different procedures. Ultimately, although morbidities appear higher in our population, patients with a diagnosis of CHD and KS are not at increased risk for postoperative mortality.
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Hypoplastc left heart syndrome 563)
Coarctation of the aorta (CoA) 5(3)
CoA, ASD, VSD 1
CoA, bicuspid aortic valve 1
CoA, mitral stenosis 1
CoA, VSD. 1
Pulmonary valve airesia, ASD 1
Shone’s complex. 300
Severe aortic stenosis, mild mital stenosis 1
Abnomal cardiae tssue deseribed on op-note 1)
Small thymus described in op-note 767
Surgical Intervention

Norwood Procedure 5@
Glenn Procedure 5@
Fontan Procedure 1@
Coarctectomy & extended end-to-end anastomosis 303)
‘Aortic valve balloon angioplasty, Ross procedure 1@
‘Aortic arch advancement, mitral valve valvotomy 1@
Aortic arch advancement, VSD closire 1@
Bilateral pulmonary artery banding 29

Aortic valve angioplasty, coarciation balloon angioplasty 1 (4)
Stames procedure, PDA ligation 1@
VSD closure, PFO closure, PDA ligation 1@
Repair of residual coarctation 1@
_Repair of recurrent mitrl valve stenosis 1@
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