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a b s t r a c t 

Pediatric heart transplantation has additional and unique aspects from standard pediatric heart surgery 

and adult heart transplantation. The purpose of this article is to review pediatric heart transplantation 

and special surgical considerations. The methods used by the authors involved reviewing the literature 

and surgical techniques surrounding this patient population and procedure. The article presents a general 

review of the topic including the history, current state, surgical approaches, post-operative management, 

and outcomes in this patient population. 

© 2021 Published by Elsevier Inc. 
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istory 

Research on the concept and feasibility of heart transplant be- 

ame a focus in the 1960 ′ s at Stanford University. 1 The importance 

f controlling the immune system was understood, as well as the 

ounter risk of infection. The first pediatric cardiac transplant was 

erformed in an infant December 6, 1967 by Dr Adrian Kantrowitz, 

hree days after the first heart transplant in an adult. 1 , 2 Unfortu- 

ately, the child died 612 hours post operatively. It was recognized 

hat to have long term success, there needed to be a medicine for 

ffective immunosuppression. With the emergence of Cyclosporin 

n the 1970s, a new era began. It was previously thought that 

he first successful pediatric transplant, subsequent to the original, 

as in 1984, but a recent study discovered there were 30 children 

ransplanted before 1982 whose data were captured retrospectively 

ue to being performed before databases were established. 3 The 

ohort entered consisted of children with both cardiomyopathy 

CM) ( n = 18) and congenital heart disease (CHD) ( n = 5) . 3 There

ere five patients that the cause was not reported. 3 The median 

atient survival was 3.5 years; however, the graft survival was 0.6 

ears with a 1-year conditional graft survival of 4.6 years. 3 

urrent landscape 

The International Society of Heart and Lung Transplant 

ISHLT) Thoracic Registry was created in 1983 to capture mul- 

icenter pediatric and adult transplant data with data col- 

ection throughout the life of the transplant patient/graft. 

he registry collects a multitude of information (details of 
∗ Corresponding author. 

E-mail address: wgibson@cmh.edu (W. Gibson). 

p

v

e

m

ttps://doi.org/10.1016/j.sempedsurg.2021.151039 

055-8586/© 2021 Published by Elsevier Inc. 
he data components are available on the registry website 

ttps://ishlt.org/registries/ttx-registry). Using the data set, there are 

xtensive analyses which result in slide sets publicly available for 

eview at https://ishltregistries.org/registries/slides.asp. The “Heart 

ediatrics” slide set from 2019 will be used to look at the current 

andscape with e-slide numbers referring to the exact slide for ref- 

rence. 4 

The latest data from 2017 shows that there are 117 centers that 

erform pediatric heart transplants, 56 of which are in the United 

tates (eSlide 4). Among the centers the frequency of heart trans- 

lants per year vary with a lot of centers being small programs 

hat do < 4 transplants a year. There are 154 centers that average 

–4 transplants a year, 35 centers that average 5–9 transplants a 

ear and 21 centers that average more than 10 transplants a year 

eSlide 5). Between 2010 and 2018, 210 pediatric cardiac trans- 

lants were performed with 45.5% being done at centers who av- 

rage > 10 transplants a year (eSlide 5). 

ecipient data 

Recipient characteristics include an age distribution that is bi- 

odal with most transplants ( n = 1800) being done in children < 1 

ear of age, followed by children 14 to 17 years old ( n = > 400 per

ear) (eSlide9). Looking at the most recent era, 2010–2018, 57% of 

hildren < 1-year-old were transplanted secondary to CHD (eSlide 

6). CM was the leading cause in all other age groups (eSlide 17–

9). 

Different levels of mechanical support are used prior to trans- 

lant and effect overall survival. With the development and use of 

entricular assist devices (VAD), there has been a shift away from 

xtracorporeal membrane oxygenation (ECMO) as the main form of 

echanical circulatory support (eSlide 21–22). Although VADs are 

https://doi.org/10.1016/j.sempedsurg.2021.151039
http://www.ScienceDirect.com
http://www.elsevier.com/locate/sempedsurg
http://crossmark.crossref.org/dialog/?doi=10.1016/j.sempedsurg.2021.151039&domain=pdf
mailto:wgibson@cmh.edu
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Fig. 1. Schematic drawing of the standard biatrial technique (A) total heterotopic 

technique (B) and bicaval technique (C). (Reprinted from The Journal of Thoracic 

and Cardiovascular Surgery, 134 (5), Schnoor M, Schäfer T, Lühmann D, Sievers H, 

Bicaval versus standard technique in orthotopic heart transplantation: A systematic 

review and meta-analysis, 1322–1331. 2007, with permission from Elsevier.). 
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ow being used in patients with CHD, a majority of transplant re- 

ipients have a VAD secondary to dilated cardiomyopathy (DCM) 

53%) versus CHD (14.3%) (eSlide 23). 

Sensitization is the creation of antibodies to foreign proteins ex- 

osed to recipient’s blood stream. This is another important fac- 

or that can affect heart transplant outcomes and is tracked by 

he registry. During the evaluation process, a recipient’s blood is 

ested for panel reactive antibodies (PRAs) to determine if there 

re strong antibodies to any proteins, leading to the inability to 

ake specific donors as rejection would be immediate. The result 

s expressed in a calculated percentage of the population that can- 

ot be a donor for the patient. PRAs > 10% is considered sensitized. 

here has been a gradual increase, shown in the registry data, of 

atients with significant panel reactive antibodies over time (eS- 

ide26). Children born with CHD have higher PRAs (10.8% had PRA 

0–79%; 9.2% had PRA > 80%) than patients with DCM (8.5% had 

RA 40–79%; 1.9% had > 80%)(eSlide 28). This is believed to be due 

o blood products from previous surgeries, VADs and exposure to 

omograft material. 

isting to transplant 

The data shows us the current landscape and how it has 

hanged over time. What has not changed is that a recipient’s clin- 

cal status, age, size, blood type, CHD versus CM, and comorbidities 

re important to take into consideration for length of time on the 

aitlist, listing status, donor selection and operative planning. 

The pediatric heart transplant waitlist mortality was close to 

5%, but with the development and incorporation of ventricular 

ssist devices, a publication from 2009 had the overall USA wait- 

ist mortality at 17%. 5 Two studies investigated this further, and 

oth showed similar predictors of mortality on the waitlist: ECMO, 

entilatory support, CHD, non-white ethnicity, weight < 3 kg, high- 

st listing status and dialysis support. 6 One of the most difficult 

roups are infants less than 12 months of age with a present wait- 

ist mortality of 25%. 6 

There was a clear need for more organ options for this young 

opulation, as their size also made using VADs difficult if not im- 

ossible. In 2001, a study by West et al was published in the 

ew England Journal of Medicine demonstrating a medical break- 

hrough proving ABO blood group incompatible (ABOi) transplants 

ere possible in the young. 7 Blood analysis on infants proved that 

f an infant had not yet developed significant antibodies against 

ther blood groups, an ABOi transplant could successfully be per- 

ormed. 7 This strategy has gained wide acceptance, increasing in 

requency from < 10 patients a year in 2004 to 39–49 transplants 

 year more recently which reflects 24–40% of transplanted chil- 

ren. 8 Long term studies have been done that prove that these pa- 

ients have comparable survival rates to ABO compatible recipients 

n the first year. 8 

Listing status for pediatric patients underwent a change on July 

, 2016 to try to improve the allocation, with the goal of more ur- 

ent cases transplanted first. Although it increased representation 

f some of the pediatric cardiac patient populations, there are still 

nconsistencies and ongoing discussions of the listing status crite- 

ia. 

Once on the list, wait times vary as centers screen for an ac- 

eptable heart. During that time, donor hearts may be offered that 

ave clear contraindications, but there are those marginal donor 

ffers that are more complex. With pediatric donors being scarce, 

he community wants to lower the discard rate. An ISHLT con- 

ensus statement published in April of 2020, looked at pediatric 

onor discard rates (star). For the study discard rate was defined 

s the organ being offered but not accepted by any center(star). 

sing a survey sent to organ procurement organizations (OPO), the 

iscard rate ranged from 18% to 57%. 9 Trying to look at the ex- 
2 
ct reasons were difficult, but a United Network of Organ Shar- 

ng (UNOS) database study listed the reasons as donor age, non- 

 blood type, Centers for Disease Control high risk donor status, 

eft ventricular ejection fraction (LVEF) < 50%, or inotropic sup- 

ort. 10 A study by Godown et al. distributed a survey to transplant 

enters looking at donor acceptance practice variation. 11 They re- 

eived responses from 130 centers from 17 countries that demon- 

trated a wide range of acceptance parameters including: optimum 

onor to recipient weight ratio with the lower limit varying from 

0% to 150% and an upper range of 120%-350%; maximum donor 

ge of 25–75 years old; and minimum acceptable LVEF 30–60%. 11 

here are many studies being published with outcomes from tak- 

ng “marginal donors” trying to improve donor utilization, hope- 

ully leading to lower waitlist mortality. 

eart transplant techniques 

There are three described techniques for heart transplant (See 

ig. 1 ). The bi-atrial technique was first described in the 1960s 

nd was widely used into the 1990s. It entails anastomosing the 

onor to recipient left atrium (LA), right atrium (RA), aorta (Ao) 

nd pulmonary artery (PA). It is technically relatively simple and 

eproducible, but concerns eventually arose regarding atrial dys- 

unction, conduction disturbances and atrioventricular valve dys- 

unction. The bi-caval technique which was introduced in the 

990s preserves the donor RA and is widely used today. It re- 

uires anastomosing the donor to recipient LA, inferior vena cava 

IVC), superior vena cava (SVC), PA and Ao. 12 While it is also re- 

roducible and alleviates many concerns from the bi-atrial tech- 

ique, it does introduce two sites (SVC and IVC) of potential anas- 

omotic stricture that may be exaggerated in small pediatric pa- 

ients. 13 The third technique, called total heterotopic cardiac trans- 

lantation, was first described in the late 1980s. It is similar to 

he bi-caval technique but also preserves the donor LA by anas- 

omosing the right and left pulmonary veins separately and pre- 

erving a bridge of tissue between them. It is technically more 

hallenging and time consuming; therefore, it is not as widely uti- 
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ized as the previous two techniques. A comprehensive UNOS re- 

iew of 20,999 heart transplants done between 1997 and 2007, 

oted the use of the bi-atrial technique fell from 97.6% to 34.7%. 

uring the same time period, the bi-caval technique use rose from 

.2% to 62.0%. This same review found a lower frequency of per- 

anent pacemaker requirement and a survival advantage of the 

i-caval technique over the bi-atrial technique. It is recommended 

hen technically feasible, the bi-caval technique should be 

tilized. 12 

mpact of VAD 

Some pediatric heart failure patients present for heart trans- 

lant having never undergone prior heart surgery and the trans- 

lant can be performed with one of the above described tech- 

iques in a field free of adhesions. Many of these patients, how- 

ver, are supported with VADs to augment cardiac output and 

mprove end organ function in the time leading up to receiv- 

ng an organ. While there are numerous devices and configura- 

ions, they all consist of a pump inflow cannula, typically sewn 

o the left ventricle, and a pump outflow cannula, typically sewn 

o the ascending aorta. Depending on patient size and specific 

ssist device, the actual pump can be intra-corporeal or extra- 

orporeal. Resection of these devices with recipient cardiectomy 

t the time of transplant can be tedious and time-consuming. 

his time must be considered in the transplant process. Never- 

heless, the use of pediatric VADs has improved waitlist outcomes 

nd survival to transplant with post-transplant outcomes equiva- 

ent to those patients medically supported. 14 Thus, VADs are be- 

ng utilized on an increasing number of pediatric heart failure 

atients. 

natomic variability and single ventricle 

In contrast to non-congenital CM, patients with underlying CHD 

an present additional surgical dilemmas. They can have significant 

eficiencies in size or number of cardiac chambers. They may also 

ave hypoplastic or absent great arteries arising from the heart. 

bnormalities in systemic and pulmonary veins, related or unre- 

ated to abdominal situs, are common in these patients. A vast ma- 

ority of patients born with CHD have palliative or corrective pro- 

edures as the first line of treatment. Therefore, when these pa- 

ients fail and present for cardiac transplant, it is almost uniformly 

fter previous operations and/or catheter interventions. These pre- 

ious procedures may result in substantial scarring or anastomotic 

trictures. They may have extensive patch material or indwelling 

tents that need removed or repaired at the time of transplant. 

epending on the specific location, this may add significant is- 

hemic time and morbidity to the transplant. Examples of such 

re an aortic arch needing repaired that would require deep hy- 

othermic circulatory arrest (DHCA) or a PA stent that requires re- 

oval and patch pulmonary arterioplasty. Situs inversus or persis- 

ent left-sided SVC can pose additional challenges in re-directing 

enous return from the left side of the mediastinum into the right- 

ided donor atrium by complex inter-atrial baffles or direct anas- 

omosis. 13 

In order to understand the challenges for transplantation, the 

ollowing is a brief overview of a typical staged approach for the 

ingle ventricle pathway in a baby born with hypoplastic left heart 

yndrome. Stage 1 consists of a Norwood procedure in the first 

eek of life. This is a complex operation that directs all blood leav- 

ng the heart into a reconstructed aortic arch to provide adequate 

ystemic cardiac output. Pulmonary blood flow is provided by a 

ystemic to PA or right ventricle to PA shunt. After which, the pa- 

ient remains with shunted physiology until the stage 2 bidirec- 

ional Glenn procedure at 3–6 months of life. This operation con- 
3 
erts the pulmonary blood flow from the previous shunt to the 

assive flow from the SVC. The stage 3 Fontan operation completes 

he single ventricle pathway at 2–5 years of age. This procedure di- 

ects the IVC blood to the lungs so that all blood leaving the heart 

oes to the body and then passively returns to the lungs. Although 

ut of scope of this review, this stage can be completed by baffling 

he IVC blood across the RA or by anastomosing an extra-cardiac 

raft to re-direct the IVC blood directly to the PA. Single ventricle 

atients who present for transplant pose unique obstacles at dif- 

erent stages. 

Some patients who are born as poor single ventricle candidates, 

ypically secondary to diminished ventricular or valvular function, 

ay be best served with listing for transplant prior to stage 1 

orwood intervention. This requires maintaining ductal patency 

or lower body perfusion and bilateral PA bands to restrict pul- 

onary blood flow while waiting for an organ. Ductal patency 

an be maintained with prostaglandin or a ductal stent. The aor- 

ic arch must be reconstructed at the time of transplant which re- 

uires a period of DHCA, harvesting of additional donor aortic arch 

nd careful timing to ensure appropriate donor ischemic time. The 

ranch PAs may need repaired at the banding sites as well. 13 Pa- 

ients who present with heart failure after stage 1 Norwood pro- 

edure should not require DHCA for an aortic arch procedure, but 

ay require PA augmentation at the shunt site or modifications 

o accommodate for deficient atrial tissue. After the bidirectional 

lenn, the SVC is often foreshortened as it was already anasto- 

osed to the right PA and a portion of it is typically left on the

ight PA to prevent PA stenosis after the transplant. This can be 

ccommodated for by harvesting the entire donor SVC and innom- 

nate vein. If a left-sided SVC was present (and therefore a left- 

ided bidirectional Glenn), this will also need to be routed to the 

A. This can be accomplished with either donor innominate vein 

r a synthetic graft. 13 

Failing Fontan patients comprise a majority of transplanted sin- 

le ventricle patients and are the most challenging for many rea- 

ons. Patients who reach the Fontan stage have undergone at least 

 and usually 3 prior sternotomies and have developed signif- 

cant adhesions making re-entry hazardous. Single ventricle pa- 

ients have also been exposed to lower oxygen saturations that 

esult in development of aortopulmonary collateral vessels. These 

ollaterals are not only a volume load on the existing heart that 

ontributes to heart failure but also add intra-operative challenges 

s they shunt blood that has been pumped to the body directly 

ack to the lungs. This results in the need for supraphysiologic 

ardiopulmonary bypass flow and increased pulmonary venous re- 

urn that impedes surgical visualization. Collateral vessels may 

lso contribute to significant post-operative hemorrhage as they 

re disrupted during cardiectomy. These collateral vessels can be 

oiled in the cardiac catheterization lab prior to transplant but 

ith varying effectiveness. 15 Additionally, most failing Fontan pa- 

ients present to transplant in poor metabolic and nutritional sta- 

us. Being exposed to supraphysiologic central venous pressure can 

ead to protein-losing enteropathy, plastic bronchitis, ascites and 

dema. Steroids are often used to treat some of these sequelae and 

ontribute to the overall deconditioned state going into surgery. 

ontan patients can be deemed as failing due to actual cardiac dys- 

unction or may become transplant candidates due to the above 

ssociated problems in the face of preserved cardiac function. 16 

he same technical considerations mentioned above used to deal 

ith the SVC after bidirectional Glenn are relevant with the ad- 

itional consideration of a foreshortened IVC. In patients who are 

arge enough, a femoral venous cannula will allow for better uti- 

ization of remaining IVC. 13 
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onor evaluation 

As mentioned previously in reference to waitlist mortality, there 

s a high degree of practice variability worldwide regarding cardiac 

onor acceptance. While this variability makes high-level recom- 

endations difficult, the above-mentioned ISHLT consensus state- 

ent for donor acceptability highlights many important considera- 

ions. Donor cardiac function measured by echocardiographic LVEF 

eems to be the overall most important factor for acceptance and 

hile a normal LVEF is generally universally acceptable, the group 

ontends that a transiently decreased LVEF may be expected in 

rain death. The donor to recipient size matching is also quite vari- 

ble. Some recipients, such as dilated or restrictive CM, deserve 

ome tailoring of these criteria, but donor to recipient weight ra- 

ios from 0.6 to 3.0 have been reported to not be associated with 

orse outcomes. Most donors for pediatric heart transplants in 

orth America are < 35 years of age. There is evidence of acceler- 

ted allograft vasculopathy in donors of advanced age. Donor infec- 

ions and comorbidities are always cautioned in donor evaluation, 

ut few are absolute contra-indications. Many donor infections can 

e treated in a recipient. A non-inclusive list of especially con- 

erning donor infections are: West Nile Virus, Trypanosoma cruzi, 

eningoencephalitis of unknown etiology and unrecognized fungal 

nfections. 9 

rocurement 

The anatomic variables present in transplanting CHD patients 

an impact the donor cardiectomy procedure – both in terms of 

onor tissue needed and timing of cross clamp of the donor heart. 

onor structures that are commonly utilized for a congenital re- 

ipient include; entire donor aortic arch for aortic arch reconstruc- 

ion, entire SVC and innominate vein for SVC reconstruction and 

ranch PAs for PA reconstruction (if lungs are not being allocated). 

he PA and LA must be split with the lung team when the lungs 

ave been allocated and there is little negotiation as both teams 

learly need adequate tissue to anastomose. While the IVC length 

s similarly coveted by both heart and liver teams, division of this 

tructure is generally not modifiable and should be divided at an 

greed upon location at or near the diaphragm. 17 

Once all teams are ready for cross-clamping of the Ao, heparin 

s given and careful attention is made to completely decompress 

oth sides of the heart to prevent distension with blood or preser- 

ation solution. There is some stylistic variability, but the LA can be 

ented by transecting a pulmonary vein or the LA appendage or by 

ncising the LA at the anticipated site for eventual cardiectomy. The 

A is vented by hemi-transection of the IVC. While infusing the 

reservation solution and ensuring adequate decompression, top- 

cal ice is applied to maintain hypothermia. After the infusion of 

reservation solution has completed, the heart is resected from the 

horacic cavity by dividing the appropriate structures necessary for 

 particular case. 17 Cardiac decompression and hypothermia alone 

esult in a 12-fold decrease in metabolic demand, but the preser- 

ation solution is needed to prevent cellular damage from various 

lectrolyte and metabolic disturbances. There are many preserva- 

ion solutions being used today with little consensus as to a sin- 

le superior solution. Different studies have shown slight survival 

dvantages with varying solutions such as University of Wisconsin 

olution and Histidine-Tryptophan-Ketoglutarate solutions. 18 , 19 

Minimizing donor ischemic time, or the time between cross- 

lamping of the Ao at the donor hospital and releasing the aortic 

ross-clamp after implantation, is imperative in cardiac transplant. 

lthough isolated studies have demonstrated acceptable outcomes 

ith ischemic times > 6 h, it is generally felt that ischemic times 

 6 h is best. Furthermore, a large ( n = 4716) retrospective analy-

is of pediatric heart transplant patients found that ischemic times 
4 
 3.5 h was associated with improved outcomes. 9 Many factors are 

onsidered in order to minimize ischemic time. Travel time from 

onor hospital, sternal re-entry time in instances of previous oper- 

tions and any significant procedures that will be done on the re- 

ipient between recipient cardiectomy and implant – such as aortic 

rch reconstruction or pulmonary arterioplasty are all considered. 

t is not uncommon, for these reasons, that a recipient surgeon will 

sk for a delay in donor cross-clamping to assure the ischemic time 

s minimized. 17 It should also be noted that the survival advantage 

een in shorter cross clamp times may be confounded by the fact 

hat many of the CHD patients having anatomic challenges that ex- 

end donor ischemic times, may have other factors (i.e. elevated 

ulmonary vascular resistance, sensitization) that impact survival. 9 

ost-operative management 

The post-operative care of a pediatric heart transplant patients 

as some special considerations on top of standard practices. 

Primary graft dysfunction (PGD) is a severe complication that is 

eported to occur in 2.4–28% of the pediatric population. 20,21 PGD 

ccurs in the immediate postoperative period and is generally de- 

ned as significant (EF < 40%) depressed ventricular function, need 

or high inotropic support, or need for mechanical support. 21 Stud- 

es have tried to determine the contributors leading to PGD. Re- 

ults vary on significance but include donor characteristics of age 

nd cause of death, recipient characteristics ofelevated pulmonary 

ascular resistance (PVR), organ dysfunction, ventilation and me- 

hanical support and finally procedural variables including longer 

schemic time and smaller center volume ( < 5). 20,21 Outcomes are 

oor, especially if mechanical support is needed for > 4 days with 

ne study showing a 100% mortality with extended ECMO and an 

verall 3-year survival of 54%. 21 

Therapy for high PVR and protective strategies for the right ven- 

ricle will have begun during the intraoperative period. It is es- 

ential to continue in order to try to avoid right ventricular fail- 

re which can be seen in up to half of the recipients and has 

een shown to be the cause of early death in 19%. 22,23 Contributors 

o right ventricular failure include pulmonary hypertension in the 

ecipient, longer ischemic times and reperfusion injury. Therapies 

sed for right heart dysfunction include: decreasing the PVR with 

nhaled vasodilators or O2, afterload reduction with milrinone, in- 

tropic support, higher heart rate, and optimal fluid balance. 23 

Another unique aspect of post-operative heart transplant care 

s the lack of parasympathetic innervation; therefore, they lack the 

eart rate response to hypotension or hypovolemia. To achieve ad- 

quate heart rate, either isoproterenol working on adrenergic re- 

eptors and/or epicardial pacing is used. Once the patient’s under- 

ying rhythm is adequate, these strategies will be discontinued. 

Immunosuppression is the other unique treatment needed af- 

er heart transplantation. The use of immunosuppression is broken 

nto two phases: induction (given at the time of transplant) and 

aintenance therapy (given for life). There are many regimens and 

pproaches to immunosuppression which vary by centers and age 

f the recipient. Regardless of which regimen is used, the patient 

ill require additional monitoring in the early post transplant pe- 

iod associated with the drug selection. 

utcomes 

There are many complications that can happen after heart 

ransplantation, with the major ones being rejection, infection and 

orms of cancer. The multidisciplinary heart transplant team fol- 

ows the patient with specific protocols to monitor for all these is- 

ues and intervene and reverse/treat them if possible. Due to these 

omplications, patients may die or require multiple transplants. 
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Outcomes at 1 year and 5 years have improved when com- 

aring 1982–1991 (1 year = 72.1%; 5 year 60.6%) to 2010–2017 (1 

ear = 91.5%, 5 year = 83%) (eSlide 35). Based on data from 2002

o 2009 the current 10-year survival is 68% with 15-year survival 

t 58.9% (eSlide 35). Looking at 10-year survival by age categories, 

atients transplanted between the ages of < 1–10-years old had no 

tatistical difference in survival, with an average between 83% and 

5% (eSlide36). There is however, a statistical difference between 

ll of these age groups and those patients 11–17 years old with 

 10-year survival of this group of 70.2% (eSlide 36). When bro- 

en down by age group survival over era, all age groups survival 

tatistics have improved (eSlide 37). Comparing outcomes across 

ges based on etiology of the transplant, those patients with DCM 

ad higher survival, with DCM 1-year survival of 91–93% versus 

HD at 82–88% (eSlide 43–46). Outcomes are also greatly affected 

y the need and type of mechanical support while waiting for an 

rgan. The 5-year survival for patients who needed no mechan- 

cal support or those who needed only a VAD or total artificial 

eart (TAH) had improved outcomes (85%) than those who needed 

CMO (77%).(eslide 51) 

Pediatric heart transplantation is a specialized patient popula- 

ion that has unique preoperative, intraoperative and postoperative 

spects that continue to evolve over time. With constantly evolving 

esting, support options and medications, the future holds many 

romising options for this fragile patient group. 
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