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Heart-lung transplantation: pediatric indications and outcomes
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Abstract: As indications for heart-lung transplant (HLT) have changed to some degree in the past 30 years,

this treatment is being used less frequently in children due to more advanced care of severe heart and lung

disease. This is fortunate as the outcomes for HLT are poor compared to other solid organ transplants and

this is mainly due to the poorer outcome of the lung graft.
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Indications for pediatric heart lung
transplantation (HLT)

The first HLT was performed in 1981 for a patient with
primary pulmonary hypertension (PPHN) (1). The second
HLT was performed for Eisenmenger’s syndrome with
unrepaired congenital heart disease. Indications for HLT
remain similar today (2).

Combined heart double lung transplant is typically
offered in cases with end-stage dysfunction of both the heart
and the lungs (3). Multi-organ transplantation comes with
increased risk to the patient and so heart transplantation
(HT) or double lung transplantation (DLT) is considered
instead of HLT and preferred when only one organ is
affected to the extent of causing end-stage disease. HL'T was
performed in infants in the 1980s and 1990s for technical
reasons instead of isolated heart or lung transplants, but
this practice has largely disappeared as technical issues
have been overcome with advances in surgery and greater
expertise (4). In cases where patients have end-stage lung
disease associated with or causing cardiac dysfunction,
congenital heart disease with pulmonary hypertension, or
congenital heart disease associated with pulmonary artery/
vein abnormalities, HU'I' may be indicated (5,6). HL'T may
also be considered for retransplantation following either
HT or lung transplantation. In the case of pulmonary
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hypertension, if cardiac function is preserved, DLT alone
is indicated. In the case of pulmonary hypertension with
severe right heart failure or left heart failure, HUT would
then be indicated. It should be stressed that each case
needs to be considered carefully and each organ closely
scrutinized to determine the need for transplantation. The
ability of the right heart to recover function can be difficult
to predict and needs to have careful consideration when
deciding the best option for the patient (HLT or DLT) (7).
Care must be individualized as there are cases in which the
stress of transplanting the “end-stage” organ would further
compromise the function of the other and so it would be in
the patient’s best interest to perform HLT.

Evaluation for HLT typically occurs when a patient has
an underlying disease compromising cardiac and pulmonary
function and has a predicted survival of less than two years
due to that underlying disease. A predicted survival of
greater than two years would suggest that a patient would
not derive a survival benefit from HLT and should not be
listed for HLT given current outcomes (3). HLT is most
indicated when patients have a survival expectancy of a few
months to a year. Survival expectancy of less than a few
months risks death while awaiting transplantation due to
current wait times on the HLT list. Requiring inotropic
support, mechanical ventilation, and/or mechanical
circulatory support prior to transplant also lowers survival
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Table 1 Indications for heart lung transplant by year of age from 1988-2013

Diagnoses Age <1 Age 1-5 Age 6-10 Age 11-17 Total
All diagnoses 16 52 28 92 188
Eisenmenger’s 2 6 2 20 30
Heart re-transplant 0 0 0 2 2
Alpha 1 0 0 0 1

Lung re-transplant 0 2 1 5
Alveolar proteinosis 1 0 0 0

PPHN 1 13 11 30 55
PVR 1 2 0 0 3
RCM 0 1 0 3 4
Other 4 4 8 7 18
CHD 5 13 4 15 37
Congenital 1 10 2 7 20
CF 0 1 4 4 9
DCM 1 0 1 1 3

Data obtained from Organ Transplant and Procurement Network, December 13, 2013. http://optn.transplant.hrsa.gov (6). Alpha
1, Alpha 1 antitrypsin deficiency; PPHN, primary pulmonary hypertension; PVR, pulmonary vascular disease; RCM, restrictive
cardiomyopathy; CHD, congenital heart disease; CF, cystic fibrosis; DCM, dilated cardiomyopathy.

and should increase the urgency and priority for HLT.
Candidates who are ambulatory and have adequate
nutrition prior to transplantation derive better outcomes
and so it is best to evaluate and list for HL'T before severe,
life-threatening complications arise. Body mass index and ideal
body weight are parameters that can help determine whether
HLT outcomes might be affected by poor nutrition (8).
Finally, HL'T should be considered if quality of life (QOL)
is significantly impacted to the point that children are not
able to participate in school or if they are dependent upon
cardio-respiratory support that impinges upon QOL.

The three most common reasons in the United States
for which patients have received a HLT since 1988 are
PPHN (29%), congenital heart disease (CHD) (20%), and
Eisenmenger’s syndrome (16%); as shown in Table 1 (9).
By the ISHLT data, worldwide the most common reasons
for which patients have received a HLT since 1986 are
cystic fibrosis (28%), pulmonary hypertension (24%),
congenital disease (22%), and Eisenmenger’s syndrome
(12%) (3). Other indications for HLT include heart
re-transplantation, lung re-transplantation, alpha-1-
antitrypsin deficiency, alveolar proteinosis, pulmonary
vascular disease, restrictive cardiomyopathy, dilated
cardiomyopathy, chronic obstructive pulmonary disease, and
restrictive pulmonary disease. From 2000 to 2012, ISHLT
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data for diagnosis show more patients receive a HI'T with an
indication of cystic fibrosis in Europe than in North America.
More patients receive a HUI" with an indication of congenital
heart disease in North America than in Europe (3).

Indications for isolated HT include lethal congenital
heart disease in the newborn; end-stage congenital heart
disease in the older child not amenable to palliative or
corrective cardiac surgery; end stage cardiomyopathy;
recurrent life threatening arrhythmias not controlled by
medications, implanted defibrillator, or ablation; failure
to wean from mechanical circulatory support; heart
retransplantation; or other cardiac disease with a predicted
survival less than 2 years (10). Since outcomes for DLT are
poor in comparison to H'T, HLT should only be considered
if lung function is severely compromised and progressive
in nature. The most common indications for isolated DLT
are cystic fibrosis and pulmonary hypertension (3). Since
cardiac function can be severely compromised by end-stage
lung disease, HL'T may need to be considered for those
with severe primary lung disease that has affected cardiac
function to the point that cardiac dysfunction is considered
to be progressive and irreversible (7).

Contraindications for HL'T' include extra-cardiac disease
such as severe end-organ disease (such as renal or hepatic
disease), active/recent malignancy, HIV infection, or other
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Table 2 Number of heart lung transplants performed by year and age

Age 1988-1992 1993-1997 1998-2002 2003-2007 2008-2013 All years

<1 2 2 8 4 0 16

1-5 11 21 9 4 7 52

6-10 9 8 § 3 3 28

11-17 22 25 18 16 11 92

Total 44 56 40 27 21 188

Data obtained from Organ Transplant and Procurement Network, December 13, 2013. http://optn.transplant.hrsa.gov (6).

infection that is active or resistant to treatment (10). Because
outcomes for HLT are not great and surveillance is rigorous,
relative or absolute contraindications to HLT may also be
psychosocial issues such as severe depression, psychiatric
disease or poor adherence to medical regimens (11).
Previous thoracic surgery can complicate the technical
aspects of the transplantation and so this may also need to
be taken into consideration. Transplant from mechanical
ventilation or mechanical support such as venous arterial
(VA)/venous venous (VV) extracorporal membranous
oxygenation (ECMO) is high risk. Our center will consider
transplant from mechanical ventlation or VV ECMO. With
complex congenital heart disease, significant aortopulmonary
collaterals may develop with are a relative contraindication.
Allosensitization increases the risk of rejection and graft
failure post transplant and is a relative contraindication.
Contraindications to isolated heart or DLT are similar.

Indications by year of age for HLT are summarized in
Tuble 1 (9). Congenital heart disease is more common as an
indication in younger patients. PPHN is more common in
older children. Eisenmenger’s syndrome is most common
in older children. A review of data from the Organ
Procurement and Transplantation Network (OPTN) of the
indications for heart lung transplant from 1/1/1988 through
7/31/2013 show that the number of HLT performed over
the last 2 decades has remained stable. Since 1988, 188 HL'T
have been performed in individuals under the age of 18 at 33
centers in the United States. Of those, 48% were male, 47%
blood group A, 41% blood group O, 77% Caucasian not of
Hispanic origin. Nearly half (48.9%) of recipients were ages
11-17. In the same time period, 949 HLT were performed
in adults 18 years of age and older. Pediatric HU'I' made up
16.5% of HL'T performed in that era (9).

When the data from the OPTN is stratified by age
groups, 16 (8.5%) were less than 1 year of age, 52 (27.7%)
were ages 1-5, 28 (14.89%) were ages 6-10, and 92 (48.9%)
of HLTs performed were in children ages 11-17 (9). In
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the youngest age group (less than 1 year), the three most
common indications were congenital heart disease (31.25%),
other (25%), and Eisenmenger’s syndrome (12.5%). Only
one recipient had a diagnosis of PPHN. One recipient had
a diagnosis of pulmonary vascular disease. No HLTs have
been reported in recipients less than 1 year of age since
2007. Children in the middle age groups (1-5 and 6-10)
received HLT most commonly for PPHN and congenital
heart disease. Children in the oldest age group (11-17) were
also mostly transplanted for PPHN and congenital heart
disease, but this is the age group in which Eisenmenger’s
syndrome was more common than the others. For data
from ISHLT from 1982 to 2012 stratified by age groups,
21 (3%) were less than 1 year of age, 106 (15.6%) were ages
1-5, 127 (18.7%) were ages 6-10, and 425 (62.6%) of HLT
performed were in children ages 11-17 (3).

When the OPTN data is stratified by era (1able 2), one
notices that the overall number of HL'Ts has decreased in
the most recent era [2008-2013] (9). Further dissection
of the OPTN data would show that Eisenmenger’s as
an indication for HLT has decreased. Thirty recipients
received HLT for Eisenmenger’s syndrome up until 2002
and since then there have not been any HLIs performed
for Eisenmenger’s syndrome. PPHN and congenital heart
disease have been common indications through all eras.

ISHLT data stratified by era also shows an overall decrease
in the number of HLTs in the recent era, from a peak of
60 HLT in 1989 to <10 in 2011. Age distribution by era
comparing 1982-1999 to 2000-2012 shows an increase in the
percentage of patients who are ages 11-17 and <1 year of age
at the time of transplant, and decrease in the percentage of
patients who are ages 1-5 and 6-10 at the time of transplant.
There is a decrease in the number of patients transplanted
for cystic fibrosis and an increase in patients transplanted for
pulmonary hypertension and congenital disease (3).

In 2012, there were two HLTs performed in North
America for children less than 18 (12). Both recipients were
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Table 3 Children’s Hospital of Pittsburgh of UPMC HLT data

Spahr and West. Pediatric heart-lung transplant: indications/outcomes

Diagnoses Age <1 Age 1-5 Age 6-10 Age 11-17 Age 18-20 Total
All diagnoses 0 11 8 19 4 37
Eisenmenger syndrome 0 2 0 11 0 1)
Heart re-transplant 0 0 0 0 0 0
Alpha 1 0 0 0 0 0 0
Lung re-transplant 0 0 0 2 0 2
Alveolar proteinosis 0 0 0 0 0 0
PPHN 0 5) 2 1 0 8
PVR 0 0 0 0 0 0
RCM 0 0 0 0 0 0
Other 0 0 0 0 0 0
CHD 0 4 0 4 4 12
Congenital 0 0 0 0 0 0
CF 0 0 0 0 0 0
DCM 0 0 0 1 0 1
COPD 0 0 1 0 0 1

Internal Data as of December 15, 2013 (9). Alpha 1, Alpha 1 antitrypsin deficiency; PPHN, primary pulmonary hypertension; PVR,
pulmonary vascular disease; RCM, restrictive cardiomyopathy; CHD, congenital heart disease; CF, cystic fibrosis; DCM, dilated

cardiomyopathy; COPD, chronic obstructive pulmonary disease.

between 11-17 years of age. This is compared to 32 HLTs
that were performed in adults in 2012. Even in the adults,
the most common indications were PPHN (22%) and
congenital heart disease (12%). To date for 2013, there have
been 5 reported HL'T. Two patients were age 1-5, 1 patient
age 6-10, and 2 patients age 11-17. In the last 3 years,
6 centers have performed a total of 9 HLIs.

At our program, we have performed 37 HLT since 1988.
Demographics with diagnoses by age are shown in Zable 3 (13).
Forty-nine percent were male, 35% were blood group A,
30% blood group O, 92% were Caucasian not of Hispanic
origin, 12 recipients (32%) were diagnosed with PPHN,
11 30%) with congenital heart disease, and 9 (24%) with
Eisenmenger’s syndrome (13).

There have been case reports of unusual indications
for HLT. Wuyts et al. described HLT in the setting of
pulmonary artery dissection in patients with PPHN (14).
Malignancy is typically considered a contraindication to
transplantation, but cardiac tumors can be considered
indications for transplantation. Talbot reported a case series
of HLT for four patients with primary cardiac sarcomas
involving the pulmonary artery and/or veins (15).

As discussed above, the indications for HLT have
changed over the last 25 years (5). The primary indications
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in the USA remain PPHN, congenital heart disease, and
Eisenmenger’s syndrome. Cystic fibrosis historically is a
common indication but has become less prevalent. While
the indications for HL'T have changed over time, the overall
need for HLT and HT has also changed with the improved
outcomes in pulmonary hypertension and congenital cardiac
surgical centers allowing for correction of the cardiac defect
and possibly only needing DLT if treatment of pulmonary
hypertension is not sufficient. Diagnostics and therapies for
pulmonary hypertension have improved which has allowed
for earlier diagnosis and treatment.

Cardiac centers are offering palliative procedures to
newborns with more complicated lesions with better
outcomes than in prior decades (16). For example, survival
for a first-stage palliation for hypoplastic left heart
syndrome, a Norwood procedure, has improved compared
with 15 years ago (17). In the 1990s, many centers offered
HT or HLT as primary palliation for complex congenital
heart disease, including hypoplastic left heart syndrome.
Furthermore, patients with simple and complex congenital
heart disease are being identified at a younger age (16).
Fetal echocardiography has contributed to this as well as
the introduction for universal pulse oximetry screening in
the newborn period. Improved detection of congenital heart
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Figure 1 From the International Society for Heart and Lung Transplantation (ISHLT) data report (3). Pediatric HLT survival by era.

Median survival in the most recent era is 5.1 years.

disease, and more importantly, improved surgical outcomes
have decreased the risk of developing Eisenmenger’s
syndrome. Finally, single organ heart or double lung
transplants are being performed in patients who would
have received combined transplants in prior decades. This
is partially as a result of better repair of congenital heart
disease and ends up being helpful as there is often difficulty
in obtaining heart-lung blocks

Despite all this, HUI" will not become obsolete as centers
are willing to perform more complex palliative operations
for congenital heart disease. With advancement of medical
treatment for pulmonary hypertension and surgical technique
for palliation of congenital heart disease, transplant centers
will need to offer HUT' when medicine and surgery do not
adequately treat the increasingly complex cases that are being
cared for in heart and lung centers.

Outcomes

Outcomes for HLT are largely dependent upon the lung
graft. Because DLT outcomes are relatively dismal in
comparison to other solid organ transplants, the HLT
outcomes can also be somewhat dismal. Five-year survival
(Kaplan-Meier) for DLT is approximately 50% for both
adults and children and remains significantly lower than
survival for other solid organ transplants (3). As is shown in
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Figure 1, HLT survival is similar (1). A steep, early decline
in survival that levels off at 1-3 months HLT reflects the
impact of early events such as surgical complications, early
graft failure, infection, and thromboembolism. Importantly,
however, surgical outcomes have improved significantly
over the last 20 years and so that steep, early decline in
survival is no longer a major contributor to post-transplant
mortality (also demonstrated in Figure I). Unfortunately,
the slow progressive decline that occurs after the early post-
surgical period remains in both DLT and HLT. This is
primarily due to chronic rejection of the lung. At our center,
outcomes are similar to the national and international
experience in that HT outcomes are better than those in
DLT and HLT (13).

Surveillance to monitor the health of the heart-lung graft
is of paramount importance when caring for children who
have undergone transplantation. As previously indicated
the lung graft is particularly susceptible to complications
(especially rejection) and so the surveillance is mainly
dictated by what is needed to assure good lung graft
function. This monitoring consists of frequent evaluations.
Examinations, lung function testing, evaluation of
exercise capacity (6-minute walk testing), and surveillance
bronchoscopy with transbronchial lung biopsies are the
usual evaluations that occur to evaluate lung graft health.
Specifically, since lung graft health is the limiting factor in
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Pediatric heart-lung transplants relative
incidence of leading causes of death
(Deaths: April 1994 — June 2012)
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Figure 2 From the ISHLT data report (3). Pediatric HLT leading causes of death. Notice that lung allograft failure from Bronchiolitis is

quite prevalent after 1 year whereas cardiovascular death is relatively rare.

HLT success, surveillance of the transplanted lungs with
lung function, bronchoscopy, biopsy, and radiographs (often
CT scanning) is important in the post-transplant period
(18-23). Examinations, echocardiograms and evaluation
of exercise capacity are also used to evaluate the heart
graft health. Allograft rejection of the heart graft in HLT
occurs less often than with HT alone (24). Therefore,
rejection following HLT is most likely to occur in the
lung graft. Surveillance endomyocardial biopsies are not
indicated except in cases where heart rejection is suspected
from cardiac studies and/or transbronchial lung biopsies
are contraindicated. Monitoring for complications from
immunosuppressive regimens include screening for systemic
hypertension, renal insufficiency, hypercholesterolemia,
diabetes, and osteoporosis (25). Finally, monitoring
for conditions that are more prevalent in transplanted
individuals such as post-transplant lymphoproliferative
disease (PTLD) and malignancy are also of great
importance (26).

The immunosuppressive regimen for any transplant that
involves the lung is more intense because of the greater
possibility for rejection of the lung graft. Because of this,
complications that come from the immunosuppressive
regimen and PTLD/malignancy need to be monitored
for frequently and carefully. Because the monitoring is
extensive and complications are common in the post-
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transplant period, many transplant experts counsel patients
prior to transplant that having the procedure is like “trading
one disease for another” (27). Furthermore, these outcomes
have significant impact on the timing and decision to
transplant as lung transplantation should occur when it is
absolutely necessary in order to maximize the benefit of the
transplant.

Bronchiolitis obliterans (BO) and infection have the
greatest impact on long-term survival, and constant exposure
of the lung to ambient air as well as aspiration of upper
airway and/or refluxed gastroesophageal secretions are likely
the major contributors to graft failure and death. BO is the
pathologic mechanism by which chronic rejection occurs in
the lung. Because of its significant prevalence and tendency
to relentlessly progress, BO claims the lives of most
individuals who survive the early post-operative period (28).
This is the case for DLT and so this is why HLT survival
primarily is dependent upon the lung graft. Figure 2
illustrates the impact that BO has in mortality following
HLT and the relative non-impact that cardiovascular disease
has on mortality. One can also see the impact that infection
has on mortality. Again, this is due to the intensity of the
immunosuppressive regimen needed to preserve lung graft
health and prevent rejection.

There are, however, two other factors that may affect
survival of the HLT differently from DLT alone. These are
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Figure 3 From the ISHLT data report (3). (A) Pediatric HLT survival by age shows that survival appears to be poorest in the age group <I;

(B) although not statistically significant, survival appears to be better in those who undergo HLT for PPHN (IPAH, idiopathic pulmonary

hypertension).

recipient age and the indication for transplantation. While
minor in comparison to the effect BO and chronic lung
rejection, these two factors do account for some discrepancy
in survival among heart-lung recipients. Although
debatable, Figure 34 shows that there is some concern that
recipients less than 1 year of age have worse outcomes than
older children who have undergone HLT (3,29). This is
debatable because the number of HLIs that have occurred
in children less than 1 year of age is very small. Outcomes
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for this age group could be highly dependent upon the
experience of the transplant center as early outcomes are
usually indicative of the success of the surgical procedure.
Once beyond 2 years post-transplant infants with HLT
have a similar risk of death as their older counterparts (3).
The presence of Eisenmenger’s syndrome or congenital
heart disease portends a worse outcome post HLT than
for PPHN (Figure 3B). This may be due to the likelihood
that patients with PPHN have less chronic disease and may
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have less deconditioning than those with Esienmenger’s and
congenital heart disease.

Despite the significant barriers that may occur and
the relatively dismal outcomes expected from HLT, this
therapy still remains an important therapy for children
with end-stage heart and lung disease. And, for most, HUT'
can offer improved QOL (30). Heart and lung function
also significantly improve. The majority of DLT and
HLT recipients experience significant improvements in
lung function and exercise tolerance (31-34). The greatest
improvement in lung function usually occurs in the first
three months after DUT/HLT and slowly reaches a plateau
at about one year, barring any concurrent significant
complications that affect lung function (31). Normalization
of pulmonary pressures, ventricular function and cardiac
output are expected for patients who receive a HLT for
pulmonary hypertension and cardiac disease.

Exercise tolerance improves greatly and allows most
recipients to perform activities of daily living without
limitation or need for supplemental oxygen or other
supportive therapy. Over 80% of survivors at 1, 3, and
5 years post-transplant have no activity limitations (3).
However, cardiopulmonary exercise testing reveals that
maximum oxygen consumption is limited to 50-60%
predicted at peak exercise (34). Deconditioning and a
possible myopathy that is linked to the immunosuppressant
regimen or other factors likely accounts for this limited
exercise capacity, because cardiopulmonary reserve appears
to be maintained. Recipients of heart, liver and kidney
transplants have similar limitations on cardiopulmonary
exercise, suggesting that factors other than graft function
may account for the subnormal maximum oxygen
consumption at peak exercise. In recipients of HLT versus
DLT who were stable and otherwise well, there does not
appear to be a difference in exercise capacity indicating that
a healthy lung graft post-transplant does not appear to be
the limiting organ. It is the cardiovascular response that
appears to limit oxygen consumption at peak exercise (34).

QOL evaluations demonstrate that this procedure is
perceived to be worthwhile to recipients. Most patients
who have undergone transplant have been found to be
happy with their decision to undergo the procedure (30).
Interestingly, recent data have shown that 1-year QOL
analysis for lung transplant recipients demonstrates a
positive outcome for physical but not psychologic well-
being. This demonstrates that transplant can confer
physiologic improvements but the patient continues to
have considerable medical burden in the post-transplant
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period with medical therapies, surveillance and fear of
complications (35).

In children who have undergone thoracic transplantation,
cognitive, academic and behavioral concerns arise after
transplantation (36). This underscores the importance of
psychosocial evaluation and counseling in the pre- and
post-transplant period as this treatment can have effects
on the patient and family. Despite these concerns about
complications and outcomes, HLT can be an important
therapy for those with end-stage heart and lung disease
and success is determined by meticulous evaluation and
surveillance.
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