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Abstract

There has been substantial controversy regarding treatment of congenital heart defects in infants with trisomies 13 and 18. 

Most reports have focused on surgical outcomes versus expectant treatment, and rarely there has been an effort to consolidate 

existing evidence into a more coherent way to help clinicians with decision-making and counseling families. An extensive 

review of the existing literature on cardiac surgery in patients with these trisomies was conducted from 2004 to 2020. The 

effects of preoperative and perioperative factors on in-hospital and long-term mortality were analyzed, as well as possible 

predictors for postoperative chronic care needs such as tracheostomy and gastrostomy. Patients with minimal or no preop-

erative pulmonary hypertension and mechanical ventilation undergoing corrective surgery at a weight greater than 2.5 kg 

suffer from lower postoperative mortality. Infants with lower-complexity cardiac defects are likely to benefit the most from 

surgery, although their expected mortality is higher than that of infants without trisomy. Omphalocele confers an increased 

mortality risk regardless of cardiac surgery. Gastrointestinal comorbidities increased the risk of gastrostomy tube placement, 

while those with prolonged mechanical ventilation and respiratory comorbidities are more likely to require tracheostomy. 

Cardiac surgery is feasible in children with trisomies 13 and 18 and can provide improved long-term results. However, this 

is a clinically complex population, and both physicians and caretakers should be aware of the long-term challenges these 

patients face following surgery when discussing treatment options.

Keywords Trisomy 13 · Trisomy 18 · Cardiac surgery · Risk factors · Outcomes

Introduction

Trisomy 13 (T13) and trisomy 18 (T18) are the two most 

common aneuploidies after trisomy 21, with a reported 

prevalence of 1.42/10,000 and 3.19/10,000 pregnancies, 

respectively, in the United States [1, 2]. Both syndromes 

have been considered “universally lethal,” with around 70% 

of first-trimester pregnancies diagnosed with T18 and nearly 

50% of those diagnosed with T13 resulting in fetal demise 

[3, 4]. Mortality remains high among live newborns, with 

a reported survival of 11.5% for T13 and 13.4% for T18 at 

one year of age [5]. The primary causes of death are either 

respiratory or cardiovascular, although medical interventions 

have been shown to increase one-year survival [6–9].

Congenital heart disease (CHD) is one of the most fre-

quent problems these patients face; consequently, heart 

failure resulting from untreated CHD is one of the primary 

causes of mortality among affected individuals [9, 10]. 

Although controversial, cardiac surgery has become more 

common in patients with T13 and T18 [11, 12]. A num-

ber of studies have been published regarding outcomes of 

cardiac surgery in T13 and T18 with varied results due to 

population size, patient characteristics, and follow-up time 

constraints. The diversity of factors affecting patient survival 

has limited congruency in recommendations. To the best of 

our knowledge, these studies have not produced a salient 

guide to decision-making for clinicians that encompasses the 

complex factors influencing outcomes. This review purposes 

to offer a nuanced analysis of the literature to provide the 

clinician guidance in an area of ongoing debate.
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Methods

An extensive literature search was conducted on PubMed for 

all articles pertaining to congenital heart surgery in T13 or 

T18, as well as additional relevant studies in patients with-

out heart surgery between January 2004 and January 2020. 

The resulting studies were screened for the characteristics of 

their surgical population and identified risk factors for nega-

tive outcomes after cardiac surgery. The most commonly 

mentioned risk factors were organized by preoperative and 

perioperative factors. Resulting studies were comprised of 

both multicenter database analyses and single-institution 

reports. A summary of these and their characteristics can 

be found in Table 1. The primary databases reported include 

the Pediatric Health Information Systems (PHIS), Pediatric 

Cardiac Care Consortium (PCCC), Kid’s Inpatient Database 

(KID), and the Society of Thoracic Surgeon’s (STS) Con-

genital Heart Surgery Database.

Results

Preoperative Factors

Trisomy Presentation

The most common presentation of T13 and T18 is full tri-

somy, where individuals have three copies of the affected 

chromosome in all of their somatic cells. However, 1% of 

affected patients present with mosaic trisomy, in which only 

some cells have the supernumerary chromosome, and 8% 

have partial trisomy, characterized by Robertsonian trans-

locations [13]. These variations have been associated with 

greater survival: a seven-year study in England and Wales 

found one-year survival of 80% in mosaic T13, 70% in 

mosaic T18, and 29% in partial T13, with no partial T18 

cases [14]. The low prevalence and improved outcomes for 

these variants is reflected in cardiac surgery populations. 

Results from the PCCC population, which included 18 

mosaic/partial T13 and 10 analogous T18 patients, provide 

a favorable panorama. In this study, a lower in-hospital mor-

tality rate (5.6% vs 54.5% for T13 and 0% vs 11.9% for T18) 

and significantly longer median survival (16.7 vs 14.5 years) 

were associated with mosaic/partial diagnoses compared 

to those with full trisomy [15]. Unfortunately, additional 

database studies used ICD-9 codes for the identification 

of T13/18 patients and were thus unable to differentiate 

between trisomy presentations [16, 17]. Single-center studies 

provide some additional information, although their mosaic/

partial populations are small. Of the two mosaic patients 

in Costello et al.’s study, one died postoperatively and the 

other survived to discharge [18]. Meanwhile, Muneuchi et al. 

found that mosaicism negatively influenced rates of survival 

to discharge, but did not affect long-term survival for the 

three patients with mosaic T18 in their cohort of nine sur-

gical patients [19]. Despite the improved odds of survival 

following cardiac surgery observed in patients with mosaic 

and partial trisomy presentations, further studies with larger 

populations are needed in order to strengthen these observa-

tions [14, 20].

Extracardiac Anomalies

Heart defects affect up to 60–80% of infants with T13 and 

T18. However, the syndromic nature of these diseases impli-

cates multiple organ systems with a wide range of defects 

beyond the heart. Extracardiac anomalies have been well 

described as a risk factor for operative mortality in the gen-

eral CHD surgical population [21]. The majority of these 

babies (T13: 78%; T18: 58%) are affected by anomalies in 

at least two organ systems [10]. Extracardiac anomalies can 

vary by disease: in T13, the most common are limb deform-

ities (48%), oro-facial clefts (45%), neurological (39%), 

and ophthalmological defects (30%), while the most com-

mon extracardiac anomalies in T18 include limb deformi-

ties (28%), neurological (21%), digestive and urinary tract 

defects (each 18%) [10]. Of these, eye, ear, limb, and geni-

tourinary anomalies are associated with the lowest rates of 

in-hospital mortality for both T13 and T18 [22]. Abdominal 

wall (81%) and central nervous system (58%) defects were 

more commonly seen in T13 infants who did not survive to 

discharge, while gastrointestinal (73%) and abdominal wall 

(72%) defects were more preponderant among their T18 

counterparts [22].

In particular, esophageal atresia and omphalocele have 

been implicated in multiple reports as important risk factors 

for mortality. In a multicenter study from Japan, esophageal 

atresia was found in 37% of T18 infants who died prior to 

discharge (p = 0.02), with similar rates of CHD among hos-

pital survivors and non-survivors [23]. Although surgical 

intervention for esophageal atresia in T18 is feasible, the 

postoperative survival rate at one year for these patients is 

17% [24]. Meanwhile, an analysis of T13 and T18 babies 

born across nine states found that the presence of ompha-

locele significantly increased the risk of death for infants 

with T18 at one and twelve months [5]. Notably, all of these 

studies cited CHD as an important factor for mortality. 

Therefore, it can be surmised that the combination of the 

aforementioned defects with CHD would further augment 

the risk of in-hospital mortality.
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Pulmonary Vascular Disease and Pulmonary Hypertension

Pulmonary hypertension is often cited as a complication or 

coexisting risk factor for these infants. However, few studies 

provide clarity as to true nature of pulmonary vascular dis-

ease with hemodynamic data. By definition, all infants with 

unrestrictive ventricular septal defect (VSD) physiology 

would have “pulmonary hypertension,” i.e., expected pul-

monary artery (PA) pressure would be the same as the right 

ventricle, which in turn is the same as the left ventricular 

pressure. However, this does not equate to pulmonary vascu-

lar disease. The majority of published literature simply cites 

pulmonary hypertension without providing supportive data; 

others use ICD-9 coding (primary vs. secondary), which is 

also unreliable in this regard. Overall, only three papers have 

specifically described patient hemodynamics and assessed 

pulmonary vascular resistance in infants with T13 and T18.

In the first study to report hemodynamic data in these 

infants, Kaneko et al. banded the PA in four patients at 

an early age (first 2 weeks up to 2 months of age) [25]. 

Although all patients were effectively banded, they contin-

ued to demonstrate increased pulmonary vascular resistance 

(PVR) on their follow-up catheterizations. For instance, one 

patient banded on day of life 10 had a PVR of 4.0 Woods 

units/m2 on her catheterization evaluation prior to VSD 

repair, nearly a year later. Using the PCCC data, Peterson 

and colleagues analyzed the hemodynamics of a subset of 

patients (14/33 patients with VSD) [15]. They found that 

patients who died in-hospital (n = 3) after VSD closure had 

a higher median PVR (5.05 Woods units/m2) than survivors 

(n = 11, PVR = 3.45 Woods units/m2) and mean PA pres-

sure (45 vs 38 mmHg). Moreover, PH accounted for 78% 

of Kaneko et al.’s mortalities prior to hospital discharge 

(especially among those without cardiac surgery), and 13% 

of post-discharge mortalities in the PCCC surgical cohort 

[15, 26].

Similarly, a survey of hospitals affiliated with the Japa-

nese Society of Pediatric Cardiology and Cardiac Surgery 

reported a preoperative prevalence of pulmonary hyperten-

sion of 93% among T18 infants and half of the T13 popu-

lation seen in Japan between 2005 and 2008, although it 

is unclear whether the diagnosis of pulmonary hyperten-

sion was based on catheterization data or not [27]. In many 

of these infants, pulmonary hypertension can persist post-

operatively. This is evidenced in Peterson, Calamur, et al.’s 

study, where patients had a median right ventricular to left 

ventricular systolic pressure ratio of 0.5 (IQR 0.3–0.67) fol-

lowing cardiac surgery, with the highest ratio being 0.9. Fur-

ther, among survivors, 27% were discharged on pulmonary 

vasodilators and 45% on supplemental oxygen [28]. Higher 

preoperative mean pulmonary pressure has been associ-

ated with postoperative mortality for infants with T13 and 

T18 [15]. Collectively, those with PVR ≥ 5.0 Woods units/

m2 have done poorly following surgery. These data suggest 

that (1) perhaps T13/T18 patients are more at risk for pul-

monary vascular disease than other newborns; (2) determi-

nation of PVR preoperatively can help in risk assessment; 

and (3) postoperative management should strongly consider 

the possibility of pulmonary hypertensive crises for these 

infants.

Mechanical Ventilation

Due to the high prevalence of respiratory conditions, such as 

central apnea, and their substantial role on mortality, patients 

with T13 and T18 often require preoperative mechani-

cal ventilation [9, 20, 23]. The influence of preoperative 

mechanical ventilation on patient outcomes is dependent on 

a variety of factors including length of intubation, type of 

surgery, and successful ventilator wean.

In one of the first studies analyzing this population, 

Graham et al. found that patients who required more than 

two days of mechanical ventilation preoperatively had an 

increased mortality or need for mechanical ventilation at 

discharge [29]. Similarly, Peterson, Calamur et al. found that 

preoperative mechanical ventilation greater than two days 

was associated with continued postoperative ventilator use 

[28]. The presence of preoperative mechanical ventilation as 

a risk factor for operative mortality is further supported by 

data from the STS database, which establishes an eightfold 

in-hospital mortality risk for patients intubated prior to sur-

gery [30]. Finally, patients undergoing palliative procedures 

have been described as requiring more prolonged mechani-

cal ventilation postoperatively than those with complete 

repair [28]. Nevertheless, surgical palliation offers a better 

possibility of extubation than conservative treatment [31].

These results indicate that preoperative mechanical ven-

tilation is an important risk factor for in-hospital mortal-

ity. Minimal (< 2 days) or no preoperative ventilation may 

reduce postoperative ventilation and mortality [29]. Surgical 

intervention overall offers improved survival and extubation 

rates, with corrective surgery offering shorter postoperative 

mechanical ventilation times than palliative procedures.

Perioperative Factors

Weight at Surgery

Patient weight at surgery is a well-documented risk factor for 

mortality in non-syndromic patients [32]. Non-syndromic 

patients who weigh less than 2.5 kg at the time of surgery 

are shown to experience higher rates of in-hospital mortality 

regardless of surgical complexity or procedure performed 

[33]. Similarly, a majority of studies performed on patients 

with T13 and T18 have associated higher weight with greater 

survival to discharge and longer survival overall [16, 18, 
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20, 27, 34, 35]. Unfortunately, the prevalence of low (1500-

2500 g) and very low (< 1500 g) birth weight in T13 and 

T18 patients has been reported in over half of patients in 

multicenter studies [36, 37]. These patients have been shown 

to experience longer hospital stays and higher mortality rates 

than those with higher birth weights [36–38].

A majority of studies performed on patients with T13 

and T18 have described greater weight as one of the most 

important factors for a positive outcome. Most centers are 

clearly inclined to offer surgery to patients with higher birth 

weights [15, 16], which appears to be associated with greater 

survival to discharge and longer survival overall [16, 18, 20, 

27, 34, 35]. In many of these reports, higher mortality can 

be observed in patients with lower weights, especially under 

3 kg. Even when pursuing palliative intervention, it appears 

lower weight is a significant risk factor; in Nakai et al.’s 

report, the mean weight at surgery for infants who died was 

1.88 kg vs. 2.26 kg for survivors [31, 34]. It appears most 

clinicians have already incorporated this knowledge into 

their practice: the median weight at surgery for patients in 

the STS database [T13: 4.8 (3.5–9.4); T18: 3.5 (2.5–5.6)] 

is significantly higher than their birth weight [T13: 2.7 

(2.4–3.1); T18: 2.0 (1.8–2.4)], suggesting that surgery is 

typically postponed until weight is over 3 kg [30].

Collectively, these results demonstrate the important 

impact of weight on outcomes. The implications are twofold: 

(1) as in other arenas of pediatric cardiac surgery, in the case 

of prenatal diagnosis, it behooves surgeons to have conversa-

tions early with maternal–fetal medicine and/or obstetricians 

caring for these moms to delay birth until 40 or 41 weeks 

of gestation; (2) surgical intervention is most likely to result 

in an optimum outcome if the patient is ≥ 3 kg; palliative 

intervention can be considered (and should be considered 

early) in patients that weigh much less to allow for possible 

weight gain while awaiting complete repair [28].

Age at Surgery

Age and weight are inextricably linked, as weight increases 

with age. In non-syndromic neonates (< 30 days at surgery), 

higher operative mortality and complication rates exist com-

pared to older patients [39]. Analyses of T13 and T18 patient 

populations have similarly highlighted the importance of age 

on surgical outcomes.

Most authors believe that older age at the time of sur-

gery significantly improves patient survival. Nakai et al. 

found that long-term survivors were significantly older 

at the time of surgery (69.7  ± 37.3 vs 23.0  ± 17.3 days), 

although there was no impact on survival to hospital dis-

charge [31]. In Peterson, Calamur, et al.’s cohort, patient 

age at surgery significantly impacted survival, with those 

undergoing complete repair at an average of 9.2 months 

surviving a mean of 25.8 months. Infants with increased 

risk for surgical repair were palliated at an average age 

of 1.7 months, with a mean survival of 2.6 months [28]. 

Patients reviewed from the STS database had an older 

median age at surgery of 4.5 (1.4–18.6) for those with 

T13 and 3.7 (1.5–9.4) months for those with T18 [30]. 

Similarly, analysis of the PHIS database showed older age 

at the time of surgery was linked to improved long-term 

survival, contrasting a higher 30-day mortality among 

patients who were operated on at a median age of 1 week 

for both T13 and T18 with survivors whose median age 

at operation was 6.3 weeks for T13 and 17 weeks for T18 

[40]. Of note, however, the latter data also highlighted that 

older age at admission was associated with lower mortal-

ity rates, suggestive that older babies may be more stable, 

having already survived to hospital discharge as a newborn 

[16].

In general, age in and of itself is a useful predictor of 

long-term outcomes for these infants. Overall, patient sur-

vival to 28 days is only 26% for T13 and 37% for T18 [5]. 

However, those who make it to 28 days have a 60% and 71% 

probability of survival to one year, respectively, for T13 and 

T18 infants [5]. Notably, the improved survival in patients 

operated at a minimum three months of age, even in light of 

prolonged exposure to pulmonary overcirculation, suggests 

in general that delaying surgery for a month or two, when the 

patient’s clinical status allows for it, would be a reasonable 

approach to optimize outcomes.

Surgical Approach

The spectrum of cardiac defects found in T13 and T18 are 

routinely approached in three manners: “definitive” pallia-

tive surgery, corrective surgery, and delayed corrective sur-

gery following an initial palliative intervention. Discussions 

surrounding corrective versus palliative surgery in patients 

with T13 or T18 have evolved in recent literature. Consist-

ent with the general approach in pediatric cardiac surgery 

currently, complete surgical repair of CHD has shown the 

best outcomes compared to palliative surgery, with improved 

in-hospital and long-term survival [15, 18, 19, 28]. However, 

a number of single center reports have shown successful out-

comes with initial surgical palliation followed by corrective 

surgery [26, 28, 29, 41].

Due to the short life expectancy associated with these 

syndromes, older studies preferred surgical palliation for 

relief of symptoms. This approach resulted in improved sur-

vival compared to expectant treatment, although survival to 

discharge remains inferior to that of infants undergoing com-

plete surgical repair [28]. Consequently, recent publications 

favor corrective surgery for improved survival. According 

to data from the STS, between 2010 and 2019, the majority 

of CHD surgeries for patients with T13 and T18 performed 
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in North America were corrective [30]. However, a sig-

nificant percentage of patients (T13: 21.9%; T18: 16.3%) 

underwent multiple cardiac procedures, suggesting surgical 

palliation frequently occurred prior to corrective procedures. 

Interestingly, results from the STS study found significantly 

improved operative survival following a staged approach in 

patients with T18, but not T13 [30]. Thus, these infants stand 

to benefit the most from corrective cardiac surgery, with a 

staged approach providing improved outcomes compared to 

surgical palliation alone.

Surgical Complexity

Over 60% of surgeries performed on T13/T18 infants 

between 2010 and 2017 in the STS database were clas-

sified as STS/European Association for Cardiothoracic 

Surgery Congenital Heart Surgery Mortality (STAT) cat-

egories 1 and 2 [30]. These are considered low-risk pro-

cedures, such as patent ductus arteriosus ligation, vascular 

ring repair, atrial septal defect closure, or VSD closure. 

Higher-complexity STAT 4 and 5 procedures comprised 

about a quarter of reported surgeries and were performed 

more often in T13 (36% vs 24%) and comparably in T18 

(27% vs 24%) relative to the entire STS population [30]. 

Since 2010, there has been a steady increase in the number 

of procedures performed every year on patients with T13 

and T18 [30]. Reports on high-complexity lesions, such 

as hypoplastic left heart syndrome, are rare, with only two 

reported cases in both the STS and PHIS databases [16, 

30].

An analysis of the KID found that a Risk Adjustment 

for Congenital Heart Surgery-1 (RACHS-1) score greater 

than 2 (higher complexity) was associated with increased 

rates of postoperative complications and hospital death 

[42]. Results from the STS database demonstrate that low 

complexity/low-risk procedures (STAT 1) have favorable 

results for T13 patients compared to the overall STS popu-

lation (although the sample was limited to 25 patients), 

but not so for T18 (10% mortality vs. expected mortality 

of 0–0.5%). This increased risk became more prominent 

for STAT 2 procedures, with 29% of T13 patients and 

17% of T18 patients suffering from operative mortality 

(versus the expected mortality of 1–2%) [30]. In general, 

patients with T18 experienced significantly higher in-

hospital mortality at every STAT category [30]. Although 

this finding was only statistically significant for STAT 2 

among children with T13, this is likely due to the smaller 

population size even in this comprehensive report from 

North America. Additional reports from large-scale data-

base studies such as PHIS and PCCC have similarly found 

higher operative mortality rates for these patients [15, 40]. 

This observation remained true even for low complexity 

score surgeries such as STAT 1 and STAT 2 (6.4% vs 0.6% 

and 25% vs 2.4%, respectively), as well as the most com-

mon and straightforward procedure, VSD repair (9% vs 

0.6%), when compared to the general population [15, 40]. 

In general, collective results suggest an operative mortality 

10–20-fold higher than usual for even simple procedures, 

which should be taken into consideration when counseling 

families. Data on single ventricle palliation, considered the 

upper limit of surgical complexity for CHD, remain scarce, 

and most centers do not currently offer such procedures to 

infants with T13 and T18 due to concerns with causing 

prolonged affliction in affected infants, given these pro-

cedures’ association with high baseline mortality and sig-

nificant postoperative morbidity [43].

Postoperative Concerns

Tracheostomy

One of the most common concerns parents of T13 and T18 

patients have, beyond cardiac surgery, is the necessity for 

additional life-sustaining treatments. Of these, the two most 

commonly performed are tracheostomies for respiratory sup-

port and gastrostomies in order to facilitate feeding [34, 44].

Tracheostomies are often performed in T13 patients with 

unstable respiratory conditions or who require long-term 

respiratory support [45, 46]. An analysis of the prevalence 

of surgical procedures in the United States between 1997 and 

2009 found that approximately 3% of T13 patients and 5% of 

T18 patients undergo a tracheostomy [17]. The primary indi-

cations in this population include lower airway obstructions, 

such as bronchomalacia and tracheomalacia, upper airway 

obstructions, such as laryngomalacia and rhinocephaly, per-

sistent respiratory failure, and central or obstructive apnea 

[7, 24, 45]. Tracheostomies are more commonly performed 

among patients who undergo surgical rather than expect-

ant treatment, as seen in both Kosiv and Davisson’s results 

[16, 34]. This likely reflects the increased treatment inten-

sity surgical patients receive, as well as their complicated 

hospital course with an increased probability of requiring a 

tracheostomy. In general, the need for tracheostomy is higher 

for T13 than for T18 patients, as seen in Peterson, Kochilas, 

et al. (6.9% vs 4.6%) and Domingo et al. (12.2% vs 3.6%), 

although a higher total of T18 patients undergo tracheostomy 

during their first admission likely because a larger percent-

age are offered interventions or survive [15, 40]. As noted 

previously, the likelihood of needing protracted respira-

tory support is greatly increased in patients who have had 

prior prolonged ventilator support. Discussion with families 

regarding the high likelihood of needing such support post-

surgery and the implications of being able to go home with 

such intensive therapy is paramount in decision-making.
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Gastrostomy

Another life-sustaining surgical procedure commonly per-

formed in T13 and T18 patients is gastrostomy tube place-

ment. In addition to facilitating feeding in patients with 

intolerance to oral feeds, this procedure is often performed 

in patients with tracheoesophageal fistulae or esophageal 

atresia as a bridge to definitive surgical repair [38, 45]. The 

wide range of indications for this procedure makes it the 

most prevalent surgery for both T18 and T13, and its use has 

gradually increased over time [17, 34, 44, 46].

The approach towards gastrostomy in single-center 

reports depends largely on each institution’s experience, 

and reports are therefore varied. For example, 100% of 

Davisson’s 17 patients had a gastrostomy tube, regardless 

of whether they received surgical or expectant treatment 

[34]. In contrast, the only patient to undergo gastrostomy 

in Costello et al.’s cohort was managed expectantly [18]. 

Results from larger database studies paint a clearer picture. 

In both PHIS (T13: 21.6% vs 7.7%; T18: 25.4% vs 15.9%) 

and PCCC databases (9.2% vs 6.8%), the presence of gas-

trostomy tube feeding was higher in patients with cardiac 

surgery than those treated expectantly [15, 16]. Unplanned 

gastrostomy following cardiac surgery was rare among the 

PCCC cohort, with only 3.4% of T13 and 10.8% of T18 

patients undergoing this procedure [15]. Domingo et al. 

found that gastrostomy tube placement was more prevalent 

among T13 than T18 patients (18% versus 6%), although 

similar studies have not found a significant difference in the 

distribution of this procedure between trisomic populations 

[16, 40]. More recently, Cooper et al. found that 24.7% of 

T13 and 22.6% of T18 patients in the STS database had 

a preoperative gastrostomy [30]. In all of these instances, 

gastrostomy tube placement was not linked to any adverse 

outcomes in patients with cardiac surgery and was actually 

associated with improved survival among T18 patients in 

the STS database [30].

Overall, parents and caretakers should be aware that on 

average a quarter of patients require gastrostomy tube place-

ment, depending on each individual’s digestive comorbidi-

ties and ability to tolerate oral feeds. As in the case of trache-

ostomy, gastrostomy tube placement occurs more commonly 

in surgical patients due to their longer survival and increased 

treatment intensity.

Conclusion

As the care of patients with T13 and T18 evolves, these 

diagnoses are no longer considered uniformly fatal. A grow-

ing body of evidence suggests that these patients benefit 

from undergoing cardiac surgery, though physicians remain 

reticent to pursue cardiac surgery due to the perceived lethal-

ity of these syndromes [11]. Through the analysis of results 

from various studies detailing the clinical outcomes of 

patients who undergo cardiac surgery, weight > 2.5 kg, older 

age at surgery, complete surgical repair rather than pallia-

tion, and reduced or no preoperative mechanical ventilation 

all support an improved prognosis. Careful management of 

preoperative complications, such as pulmonary hyperten-

sion, also results in better postoperative outcomes. Exclud-

ing a few reported cases, patients with partial or mosaic 

trisomy appear to have longer survival than their full trisomy 

counterparts. Information regarding patients with high-

complexity CHD and the effect of associated comorbidities 

remains scarce, providing an important area of opportu-

nity for further research. As more data become available, 

surgeons will be able to more knowledgably anticipate the 

expected outcomes for cardiac surgery in patients with T13 

and T18.

The recommendations in this article are limited to the 

data on trisomic populations as reported in the existing lit-

erature. Results from hospitals performing cardiac surgery 

without sharing their experience and outcomes could not 

be analyzed. This limitation is mitigated by the inclusion of 

papers analyzing multicenter databases, such as STS, PHIS, 

and PCCC. Another limitation is the possibility for selec-

tion bias in the studies discussed, with healthier patients 

being offered surgical treatment. The number of papers 

included in this review diminishes any outsize effect of spe-

cific variables on small populations, though data from larger, 

more diverse surgical populations are necessary in order to 

improve our understanding of cardiac surgery outcomes in 

these populations.

Author Contributions

HC involved in literature search, drafting of the manuscript, 

and revision of the manuscript. CC performed review of the 

literature and drafting and revision of the manuscript. JM 

and BR contributed to drafting and revision of the manu-

script. PE involved in study design, revision of the manu-

script, and project supervision.

Funding None.

Compliance with Ethical Standards 

Conflict of interest All authors declare that they have no conflicts of 

interest.



1332 Pediatric Cardiology (2020) 41:1319–1333

1 3

References

 1. Mai CT, Kucik JE, Isenburg J et al (2013) Selected birth defects 

data from population-based birth defects surveillance programs 

in the United States, 2006 to 2010: featuring trisomy conditions. 

Birth Defects Res Part A Clin Mol Teratol 97:709–725

 2. Janvier A, Farlow B, Barrington K (2016) Cardiac surgery for 

children with trisomies 13 and 18: where are we now? Semin 

Perinatol 40:254–260

 3. Morris JK, Savva GM, Sawa GM (2008) The risk of fetal loss 

following a prenatal diagnosis of trisomy 13 or trisomy 18. Am J 

Med Genet Part A 146:827–832

 4. Cavadino A, Morris JK (2017) Revised estimates of the risk of 

fetal loss following a prenatal diagnosis of trisomy 13 or trisomy 

18. Am J Med Genet Part A 173:953–958

 5. Meyer RE, Liu G, Gilboa SM et al (2016) Survival of children 

with trisomy 13 and trisomy 18: a multi-state population-based 

study. Am J Med Genet Part A 170:825–837

 6. Bruns DA, Campbell E (2014) Nine children over the age of one 

year with full trisomy 13: a case series describing medical condi-

tions. Am J Med Genet Part A 164:2987–2995

 7. Bruns D, Campbell E (2014) Twenty-two survivors over the age 

of 1 year with full trisomy 18: presenting and current medical 

conditions. Am J Med Genet Part A 164:610–619

 8. Donovan JH, Krigbaum G, Bruns DA (2016) Medical interven-

tions and survival by gender of children with trisomy 18. Am J 

Med Genet Part C Semin Med Genet 172:272–278

 9. Cereda A, Carey JC (2012) The trisomy 18 syndrome. Orphanet 

J Rare Dis 7:81

 10. Springett A, Wellesley D, Greenlees R et al (2015) Congenital 

anomalies associated with trisomy 18 or trisomy 13: a registry-

based study in 16 European countries, 2000–2011. Am J Med 

Genet Part A 167:3062–3069

 11. Fruhman G, Miller C, Amon E et al (2018) Obstetricians’ views 

on the ethics of cardiac surgery for newborns with common ane-

uploidies. Prenat Diagn 38:303–309

 12. Kaulfus ME, Gardiner H, Hashmi SS et al (2019) Attitudes of 

clinicians toward cardiac surgery and trisomy 18. J Genet Couns 

28:654–663

 13. Alberman E, Mutton D, Morris JK (2012) Cytological and epi-

demiological findings in trisomies 13, 18, and 21: England and 

Wales 2004–2009. Am J Med Genet Part A 158A:1145–1150

 14. Wu J, Springett A, Morris JK (2013) Survival of trisomy 18 

(Edwards syndrome) and trisomy 13 (Patau Syndrome) in England 

and Wales: 2004–2011. Am J Med Genet Part A 161:2512–2518

 15. Peterson JK, Kochilas LK, Catton KG et al (2017) Long-term 

outcomes of children with trisomy 13 and 18 after congenital 

heart disease interventions. Ann Thorac Surg 103:1941–1949

 16. Kosiv KA, Gossett JM, Bai S, Collins RT 2nd (2017) Congenital 

heart surgery on in-hospital mortality in trisomy 13 and 18. Pedi-

atrics 140:e20170772

 17. Nelson KE, Hexem KR, Feudtner C (2012) Inpatient hospital care 

of children with trisomy 13 and trisomy 18 in the United States. 

Pediatrics 129:869–876

 18. Costello JP, Weiderhold A, Louis C et al (2015) A contemporary, 

single-institutional experience of surgical versus expectant man-

agement of congenital heart disease in trisomy 13 and 18 patients. 

Pediatr Cardiol 36:987–992

 19. Muneuchi J, Yamamoto J, Takahashi Y et al (2011) Outcomes of 

cardiac surgery in trisomy 18 patients. Cardiol Young 21:209–215

 20. Nelson KE, Rosella LC, Mahant S, Guttmann A (2016) Survival 

and surgical interventions for children with trisomy 13 and 18. 

JAMA 316:420

 21. Jacobs JP, O’Brien SM, Pasquali SK et  al (2015) The soci-

ety of thoracic surgeons congenital heart surgery database 

mortality risk model: part 2—clinical application. Ann Thorac 

Surg 100:1063–1070

 22. Pont SJ, Robbins JM, Bird TM et al (2006) Congenital malforma-

tions among liveborn infants with trisomies 18 and 13. Am J Med 

Genet Part A 140:1749–1756

 23. Kato E, Kitase Y, Tachibana T et al (2019) Factors related to sur-

vival discharge in trisomy 18: a retrospective multicenter study. 

Am J Med Genet Part A 1:7

 24. Nishi E, Takamizawa S, Iio K et al (2014) Surgical intervention for 

esophageal atresia in patients with trisomy 18. Am J Med Genet 

Part A 164:324–330

 25. Kaneko Y, Kobayashi J, Yamamoto Y et al (2008) Intensive car-

diac management in patients with trisomy 13 or trisomy 18. Am 

J Med Genet Part A 146:1372–1380

 26. Kaneko Y, Kobayashi J, Achiwa I et al (2009) Cardiac surgery in 

patients with trisomy 18. Pediatr Cardiol 30:729–734

 27. Maeda J, Yamagishi H, Furutani Y et al (2011) The impact of 

cardiac surgery in patients with trisomy 18 and trisomy 13 in 

Japan. Am J Med Genet Part A 155:2641–2646

 28. Peterson R, Calamur N, Fiore A et al (2018) Factors influencing 

outcomes after cardiac intervention in infants with trisomy 13 and 

18. Pediatr Cardiol 39:140–147

 29. Graham EM, Bradley SM, Shirali GS et al (2004) Effectiveness of 

cardiac surgery in trisomies 13 and 18 (from the Pediatric Cardiac 

Care Consortium). Am J Cardiol 93:801–803

 30. Cooper DS, Riggs KW, Zafar F et al (2019) Cardiac surgery in 

patients with trisomy 13 and 18: an analysis of the society of 

thoracic surgeons congenital heart surgery database. J Am Heart 

Assoc 8:e012349

 31. Nakai Y, Asano M, Nomura N et al (2016) Effectiveness of cardiac 

surgery in patients with trisomy 18: a single-institutional experi-

ence. Cardiol Young 26:1391–1396

 32. Curzon CL, Milford-Beland S, Li JS et al (2008) Cardiac surgery 

in infants with low birth weight is associated with increased mor-

tality: analysis of the Society of Thoracic Surgeons Congenital 

Heart Database. J Thorac Cardiovasc Surg 135:546–551

 33. Kalfa D, Krishnamurthy G, Duchon J et al (2014) Outcomes of 

cardiac surgery in patients weighing <2.5 kg: affect of patient-

dependent and -independent variables. J Thorac Cardiovasc Surg 

148:2499–2506.e1

 34. Davisson NA, Clark JB, Chin TK, Tunks RD (2018) Trisomy 18 

and congenital heart disease: single-center review of outcomes 

and parental perspectives. World J Pediatr Congenit Heart Surg 

9:550–556

 35. Bruns DA (2011) Birth history, physical characteristics, and medi-

cal conditions in long-term survivors with full trisomy 13. Am J 

Med Genet Part A 155:2634–2640

 36. Boghossian NS, Hansen NI, Bell EF et al (2014) Mortality and 

morbidity of VLBW infants with trisomy 13 or trisomy 18. Pedi-

atrics 133:226–235

 37. Acharya K, Leuthner S, Clark R et al (2017) Major anomalies and 

birth-weight influence NICU interventions and mortality in infants 

with trisomy 13 or 18. J Perinatol 37:420–426

 38. Imai K, Uchiyama A, Okamura T et al (2015) Differences in 

mortality and morbidity according to gestational ages and birth 

weights in infants with trisomy 18. Am J Med Genet Part A 

167:2610–2617

 39. Padley JR, Cole AD, Pye VE et al (2011) Five-year analysis of 

operative mortality and neonatal outcomes in congenital heart 

disease. Hear Lung Circ 20:460–467

 40. Domingo L, Carey JC, Eckhauser A et al (2019) Mortality and 

resource use following cardiac interventions in children with tri-

somy 13 and trisomy 18 and congenital heart disease. Pediatr 

Cardiol 40:349–356



1333Pediatric Cardiology (2020) 41:1319–1333 

1 3

 41. Bruns DA, Martinez A (2016) An analysis of cardiac defects and 

surgical interventions in 84 cases with full trisomy 18. Am J Med 

Genet Part A 170:337–343

 42. Ma MH, He W, Benavidez OJ (2019) Congenital heart surgical 

admissions in patients with trisomy 13 and 18: frequency, morbid-

ity, and mortality. Pediatr Cardiol 40:595–601

 43. Neubauer K, Boss RD (2020) Ethical considerations for cardiac 

surgical interventions in children with trisomy 13 and trisomy 18. 

Am J Med Genet Part C Semin Med Genet 184:187–191

 44. Karimnejad K, Costa DJ (2015) Otolaryngologic surgery in 

children with trisomy 18 and 13. Int J Pediatr Otorhinolaryngol 

79:1831–1833

 45. Shibuya S, Miyake Y, Takamizawa S et al (2018) Safety and 

efficacy of noncardiac surgical procedures in the management of 

patients with trisomy 13: A single institution-based detailed clini-

cal observation. Am J Med Genet Part A 176:1137–1144

 46. Lorenz JM, Hardart GE (2014) Evolving medical and surgi-

cal management of infants with trisomy 18. Curr Opin Pediatr 

26:169–176

 47. Kobayashi J, Kaneko Y, Yamamoto Y et al (2010) Radical surgery 

for a ventricular septal defect associated with trisomy 18. Gen 

Thorac Cardiovasc Surg 58:223–227

Publisher’s Note Springer Nature remains neutral with regard to 

jurisdictional claims in published maps and institutional affiliations.


	Cardiac Surgery in Trisomy 13 and 18: A Guide to Clinical Decision-Making
	Abstract
	Introduction
	Methods
	Results
	Preoperative Factors
	Trisomy Presentation
	Extracardiac Anomalies
	Pulmonary Vascular Disease and Pulmonary Hypertension
	Mechanical Ventilation

	Perioperative Factors
	Weight at Surgery
	Age at Surgery
	Surgical Approach
	Surgical Complexity

	Postoperative Concerns
	Tracheostomy
	Gastrostomy


	Conclusion
	Author Contributions
	References


