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Editor’s Memo

Redefining the
Window of Opportunity in
Lung Transplantation

Our articles in this issue span the spectrum of treat-
ment for severe pulmonary hypertension (PH), not
only from a historical perspective through our profil-
ing of the work of Joel Cooper, MD, a true pioneer in
the surgical suite, but also in terms of the thera-
peutic options available, from medical therapy to
lung transplantation. The discussion is particularly
timely and relevant because the allocation system
for donated lungs may soon be changed by the
United Network of Organ Sharing.

Although the options for managing patients with right ventricular
failure have expanded significantly through the use of prostanoids and
with atrial septostomy, the paramount issue remains in those patients
whose disease is no longer adequately responding to these measures:
When is it the right time to proceed with transplantation or listing?

Our experts on the Pulmonary Hypertension Roundtable addressed

a multitude of issues surrounding this question. Although outcomes
have improved in the 20 years that lung transplantation has been avail-
able for PH, the observation of Dr Cooper—that this surgery remains
among the most demanding and difficult largely because of postopera-
tive considerations—remains true. Outcomes in general for lung trans-
plantation for PH have been inferior to those for many other diseases,
such as chronic obstructive pulmonary disease.

Because of strides made in medical management, however, we
have been able to extend the window prior to lung transplantation in
many patients. Ironically, this sometimes has proved to be a mixed
blessing. The advent of continuous intravenous epoprostenol, a med-
ication that has revolutionized the treatment of pulmonary arterial
hypertension, thereby offering the potential to delay transplantation,
may have resulted in a higher proportion of extremely sick, higher-risk
patients presenting for transplantation.

The articles in this issue offer a comprehensive resource to address
these questions as they delineate the practices and policies prevailing at
centers of excellence throughout the country. Once again, | wish to con-
gratulate my colleagues who contributed to this issue on a job well done.

Victor F. Tapson, MD
Editor-in-Chief

P
wl bzl llt

Joel D. Cooper, MD, the Physician
Who Launched Lung Transplantation
on Its Path to Successful Outcomes

You might say that every patient with
pulmonary hypertension whose life
has been extended by a lung trans-
plant continues to live and thrive in
the long shadow cast by Joel D.
Cooper, MD, the physician who per-
formed the first successful lung trans-
plant surgery in 1983. Not that Dr
Cooper would seriously consider this
metaphor, but there is no doubting
the everlasting impact of his research
in lung transplantation.

Dr Cooper no longer performs lung transplantation in
PH, yet he remains a towering figure not only in this setting
but in his other areas of clinical interest, including general
thoracic surgery, lung volume reduction surgery for emphy-
sema, myasthenia gravis, gastroesophageal reflux, and
esophageal cancer. Although lung transplantation in PH
has evolved significantly since the time when Dr Cooper
pioneered the operation, the principles and precepts gov-
erning the technique when it was first performed offer
insights into how far its evolution has progressed.

Currently Chief of the Division of Cardiothoracic Sur-

Joel D. Cooper, MD

gery, Washington University at Barnes-Jewish Hospital, St.
Louis, Missouri, Dr Cooper recalls his years in residency at
Massachusetts General Hospital where he served under the
well-known thoracic surgeon Hermes Grillo, MD, whom he
credits as the inspiration for later research on lung trans-
plantation. Moving to the University of Toronto after com-
pleting his residency in Boston, Dr Cooper was further
encouraged by his colleagues to pursue his interest, partic-
ularly by William Nelems, MD, who had studied with sur-
geons in Europe. By 1978, 38 lung transplant operations
had been attempted worldwide, but with no success. “Most
of them were deathbed rescue attempts, maybe one
attempted every other year around the world,” said Dr
Cooper.

“We went back to the lab and we saw that most of these
patients had died within 2 weeks and those who lived
longer all had complications of the airway connection. We
studied these issues in a dog model and came up with a
better understanding.” A combination of factors, including
poor blood supply, posed obstacles to a successful out-
come. “During surgery the bronchial arteries are severed
and cannot be reconstructed. High doses of prednisone
were also required to prevent rejection. We recognized that
it was also sort of a wound-healing problem. Cyclosporin
helped and finally we were able to improve the technique
in a dog model.” Not long afterward, in 1983, Dr Cooper
and his associates performed the first successful lung
transplant.

This first successful transplant occurred several years
before additional attempts were made in patients with PH.
“It was thought at the time that you needed to replace both
the heart and the lung. We went back to the lab and work-
ing with a dog model we produced a model of right heart

(continued on page 25)
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Listing the Patient: Deciding When Transplantation
Is the Only Viable Life-Sustaining Option

Jonathan B. Orens, MD
Associate Professor of Medicine,

The Johns Hopkins School of Medicine

Johns Hopkins Hospital
Baltimore, Maryland

Transplantation of the lungs became an acceptable therapeutic
option for patients with end-stage lung and pulmonary vascular
disease in 1981, following the first successful human heart-
lung transplantation performed for a patient with primary pul-
monary hypertension.2 At the time no other efficacious ther-
apy was available and the transplantation was performed as an
experimental “last ditch” life-saving procedure. Since then,
both single and double lung transplantation has become part of
the routine armamentarium to treat patients with pulmonary
arterial hypertension (PAH) when all other measures fail. For
highly selected patients, lung transplantation offers the possi-
bility of improved survival and functional status.3-

However, despite major strides in the field of lung trans-
plantation, numerous shortcomings are still associated with this
procedure, including lack of available donor lungs, need for life-
long immunosuppression, acute and chronic allograft rejection,
infection, and extremely high costs of the procedure and post-
transplantation care. Furthermore, since the time of that first
heart-lung transplantation, treatment options for patients with
PAH have changed dramatically. Both calcium channel block-
ers and intravenous epoprostenol have shown proven benefit
and in many cases provide adequate treatment to prevent or
prolong the need for transplantation.®12 Recently agents such
as endothelin antagonists and sildenafil have been added to the
medication armamentarium, further broadening therapeutic
options. Indeed, lung transplantation has moved from a primary
treatment for pulmonary hypertension to a therapy that com-
plements the current medical options to prolong life and
improve quality of life.

Candidate Selection for Transplantation

Appropriate candidates for lung transplantation have end-stage
lung disease without concomitant illness that would adversely
affect their survival following transplantation. In selecting can-
didates for this procedure it is important to consider the sever-
ity of the patient’s illness as it relates to projected survival with-
out transplantation, coexisting medical problems, and the
financial cost of the procedure. Although assessing projected
survival without transplantation is difficult, it is extremely
important with regard to selecting the appropriate timing for
lung transplantation, since waiting periods for lung transplants
now average 1.5 to 2 years. Although there are ongoing efforts
to change the strategy for donor lung allocation, currently in the
United States the priority for obtaining a lung transplant is
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Division of Pulmonary and Critical Care Medicine

Medical Director, Lung Transplantation Program

Table 1—Indications for Lung Transplantation in
Pulmonary Arterial Hypertension.

New York Heart Association functional class Il or IV
Mean right atrial pressure =10 mm Hg

Mean pulmonary arterial pressure =50 mm Hg
Cardiac index =2.0 L/min/m?

Failure of medical therapy in the setting of:
WHO class Il or IV symptoms
Mean right atrial pressure =10 mm Hg
Mean pulmonary arterial pressure >50 mm Hg
Cardiac index < 2.0 L/min/m?

WHO = World Health Organization

based solely on the time accrued on the waiting list, after
matching for ABO blood type and body size. This is unlike that
for other solid organ transplants, where consideration is given
to the severity of the recipient’s disease. Therefore, in order to
select the appropriate time to list patients for this procedure,
one must carefully consider the candidate’s projected survival
against the waiting period for transplantation.

In order to assure some consistency across transplant cen-
ters, international guidelines have been published that are used
by many centers to select lung transplant candidates.!® These
criteria are also used by most insurance carriers for coverage
purposes. Although these guidelines were proposed to develop
standards across centers, individual programs continue to use
their own selection criteria, which vary from center to center.
Thus, a candidate who is unacceptable at one program may be
considered acceptable elsewhere. The guidelines for patients
with primary pulmonary hypertension are outlined in Table 1.

There are both absolute and relative contraindications to
transplantation (Table 2). It is important to note that the crite-
ria used for inclusion and exclusion are general guidelines to
help select potential candidates. In special circumstances,
individual patients may be accepted for transplantation even if
they do not meet all of the criteria in these guidelines.

Timing of Lung Transplantation

Although many patients may improve or remain stable with med-
ical therapy for several years, at some point this therapy may fail,
requiring lung transplantation as the only life-sustaining option.



Table 2—Contraindications to
Lung Transplantation

Relative contraindications
Age:
>65 for single lung transplantation
>60 for bilateral single lung transplantation
>bb5 for heart and lung transplantation
Psychosocial instability
Mechanical ventilation
Chest wall deformity
Asymptomatic osteoporosis
History of substance abuse

Weight outside of acceptable range (morbid obesity or
severely malnourished)

Prednisone use >20 mg/day or 40 mg every other day

Bilateral pleurodesis (for cardiopulmonary bypass
candidates)

Absolute contraindications

HIV infection

Bone marrow failure

Cirrhosis of liver or active hepatitis B or C infection
Chronic renal failure (creatinine clearance <50 mL/min)
Malignancy precluding long-term survival

Other life-limiting conditions

Active tobacco smoking or other substance abuse
Significant coronary artery or peripheral vascular disease

Impaired left heart function unless considered for
heart-lung transplant

Severe symptomatic osteoporosis
Sputum growing antibiotic panresistant bacteria

Because of the long waiting periods for lung transplantation in
the United States, and the unpredictable response to medical
therapy, deciding when to refer these patients for transplant
remains a clinical conundrum. Patients who remain stable or
improve with medical therapy should not be prematurely
exposed to the risks of surgery and long-term immunosuppres-
sion. However, some patients may be observed during medical
therapy too long, ultimately being referred for transplantation too
late to survive the waiting period for a transplant. Additionally,
some patients may be referred late enough in their course to
have developed additional problems, such as malnutrition and
renal insufficiency, placing them at higher risk for surgery.
Carefully monitoring the response to medical therapy at reg-
ular intervals is crucial to assess whether the treatment remains
effective. For those in whom all forms of medical therapy fail,
transplantation should be offered before the patient becomes
too ill to enjoy a successful outcome. Lung transplantation
should be considered for patients with PAH in whom therapy
with vasodilators fails. Because of the long waiting period for

lung transplantation, and the unpredictable rate of decline for
some patients, many centers advocate listing patients for trans-
plantation as soon as the diagnosis of PAH is established, while
others recommend that listing should occur when and if there
is failure of medical therapy (ie, vasodilators and anticoagula-
tion). Accordingly, the overall clinical picture must be assessed
for each patient in order to allow ample waiting time for this
potential life-saving therapy. Thus it is left to the treating physi-
cian and transplant specialist to make some predictions regard-
ing an individual patient’s survival with medical therapy.

Resting hemodynamics, 6-minute walk or shuttle test re-
sults, and functional class (eg, World Health Organization) sta-
tus have each been demonstrated to predict survival in PAH.14-17
Anticoagulation with warfarin, calcium channel blockers, and
long-term epoprostenol have each been documented to improve
survival in PAH,®1820 and response to these therapies must be
considered in relation to the timing of transplantation. Since
the prognosis for patients with PAH may change continuously in
response to treatment, pretreatment survival predictions using
baseline static measurements, such as functional class, are of
little value in determining the need for transplantation.
Initiation of epoprostenol may dramatically improve symptoms
and prognosis, potentially postponing or obviating the need for
lung transplantation.’® Indeed, vasodilator responders with
PAH have a 90% to 95% 5-year survival when initiated on oral
calcium channel blocker therapy and therefore are generally not
initially listed for lung transplantation.8 Unfortunately, the vast
majority of patients with PAH (75% to 85 %) are nonrespon-
ders, and without therapy face a 5-year survival of less than
40%. It is this latter group that should be considered for con-
tinuous intravenous epoprostenol therapy and listing for lung
transplantation. Aalthough long-term data with epoprostenol
are limited, improved 5-year, or 50 month (50% to 60%) sur-
vival, has been reported.1%:20

Thus, the potential effect of epoprostenol on survival must
be considered when evaluating patients for lung transplanta-
tion. At our center, we generally begin the evaluation process
for lung transplantation when WHO class Il symptoms develop.
If there are no significant contraindications for transplantation,
these patients are listed and symptoms are monitored while
time is accrued on the waiting list. If symptoms stabilize dur-
ing medical therapy, these patients are removed from the active
list; reactivation occurs if medical therapy begins to fail.

Effect of Epoprostenol on Timing of Lung
Transplantation for PAH

Improvement in symptoms and survival with continuous infu-
sion epoprostenol has had a significant impact on the timing of
lung transplantation.1®11.21  Treatment with this therapy may
result in three potential clinical responses. (1) A few patients
experience no significant improvement, and in this group med-
ical therapy is considered to have failed. In these individuals,
transplantation is the only viable life-sustaining option. These
patients are usually maintained on epoprostenol in the hope
that their disease will stabilize until transplantation. (2)
Another potential response, and fortunately the most likely
(occurring in >90% of patients), is improvement with
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epoprostenol with a demonstrable reduction of at least one
point in WHO symptom class within the first 3 to 6 months.
However, some patients develop a recurrence of symptoms
despite further increases in their epoprostenol dose and require
further consideration for transplantation. These patients will
have benefited from epoprostenol in the short term by deferring
the immediate need for lung transplantation.’? (3) Some
patients develop a substantial and long-lasting (years) benefit
from epoprostenol, and lung transplantation will be deferred
indefinitely.

Deciding where an individual patient lies within these three
groups at an isolated point in time can be a challenge clinical-
ly. Serial assessment of functional status together with direct
measurement of hemodynamics allows one to best determine
the response to therapy. For those who are good long-term
responders to epoprostenol, it remains unclear how long the
benefit may hold, as the longest survival time of a patient
receiving epoprostenol is now well over 10 years. However, it is
important to remember that if one waits too long, until func-
tional status markedly declines and hemodynamics begin to
fail, the patient may become too sick for a successful trans-
plant.

Type of Transplant

The operation of choice for primary pulmonary hypertension
remains controversial. Combined heart-lung transplantation,??
single lung transplantation3-25 and double lung transplanta-
tion'®23 have all been performed successfully. However, com-
bined heart-lung transplantation is rarely necessary for PAH,
since the right ventricle tends to recover function relatively
quickly following either single or double lung transplantation.?s
Given the success of single and double lung transplantation,
coupled with the limited supply of heart-lung donor blocks, sin-
gle and double lung transplantation has almost completely
replaced heart-lung transplantation for PAH in the United
States.

Whether one should offer single or double lung transplanta-
tion for PAH is not clear, as there are pros and cons for each
approach. Single lung transplantation is a less invasive and
shorter surgical procedure, allows two recipients to be served
from a single donor, and the waiting periods are shorter than for
double lung transplants. However, the most recent International
Society for Heart and Lung Transplantation (ISHLT) registry
data show a slight long-term survival advantage for patients
with double lung transplants (all diseases combined) compared
to single lung transplants, although the difference is not statis-
tically significant for patients with PAH.26 There is, however,
one important potential problem with single lung transplants for
pulmonary hypertension that has influenced many programs to
favor double lung transplantation. With single lung transplanta-
tion, blood preferentially flows in the pulmonary circuit toward
the new lung; little flow goes to the native lung because of the
severe pulmonary vascular disease. If the new lung develops
infection or rejection, a severe shunt can develop, causing pro-
found hypoxemia and making management extremely diffi-
cult.?’
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Immunosuppression

Following lung transplantation, recipients must receive lifelong
immunosuppression to prevent allograft rejection. Unfortu-
nately, numerous side effects are associated with these med-
ications. The major consequence of long-term immunosuppres-
sion is an increased rate of infection. Following transplantation
there is an increased risk for bacterial, viral (particularly
cytomegalovirus), and fungal infections.?®2% The risk of infec-
tion relates inversely to the time from the transplant proce-
dure.?82° This is due in part to both mechanical factors and
the intensity of immunosuppression.283° Although the risk of
infection decreases as the amount of immunosuppression is
reduced over time, the risk never returns to that of normal indi-
viduals.

Other risks of immunosuppression relate specifically to each
drug. Most centers use a triple-drug-based regimen including
cyclosporine (Neoral) or tacrolimus (Prograf), with azathioprine
(Imuran) or mycophenolate mophetil (CellCept) and pred-
nisone. Both cyclosporine and tacrolimus may induce hyper-
tension and nephrotoxicity, while azathioprine and mycopheno-
late produce leukopenia. Long-term corticosteroid use is asso-
ciated with a litany of problems, including osteoporosis, skin
bruising, hyperglycemia, cataracts, and myopathy. In addition
to these problems, long-term immunosuppression is associated
with an increased risk of cancer, particularly post-transplant
lymphoproliferative disorder, which has been reported at a rate
of around 6% following thoracic organ transplantations.3!

Lung Transplantation Outcomes

Survival

The success of lung transplantation can be measured according
to several criteria, including survival, physiologic function,
quality of life, and cost benefit. According to 2003 US Scien-
tific Registry data, overall survival following lung transplanta-
tion is currently 77.4% at 1 year and 42.5% at 5 years.3?
Lung transplant recipients with PAH do not fare as well, how-
ever, having a 1-year survival of 72%, with much of this mor-
tality due to perioperative deaths.32 The 5-year survival is
37%.32 Figure 1 shows survival outcome by disease in patients
from the United Network for Organ Sharing (UNOS)/ISHLT reg-
istry (data analysis through 2001).

A number of factors are responsible for early mortality (O to
30 days). These include infection (23.5%), primary graft fail-
ure (30.5%), cardiovascular factors (11.5%), acute rejection
(4.9%), bronchiolitis (0.5%), technical factors (8.3%), and
other causes (20.5%).33 The factors responsible for late mor-
tality differ from those for early mortality. Over the long term,
chronic allograft rejection, manifested pathologically as obliter-
ative bronchiolitis, is the single most important factor limiting
the overall success of lung transplantation. Obliterative bron-
chiolitis occurs in at least 40% of patients by 2 years and in up
to 70% by 5 years,3* and it is the cause of death in 50% of
those affected. Other causes of late mortality include infection,
malignancy, and other comorbidities. Prior to the development
of epoprostenol, transplantation provided a survival advantage
for patients with PAH when comparing transplant survival with

(article continues in pull-out) »
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Cost of Lung
Transplantation

The financial cost of lung
transplantation is not trivial. In
fact, the high cost has been a
motivating factor for Medicare

Years

10 and other third party payers to
offer reimbursement for this
procedure only to approved

Figure 1. UNOS/ISHLT registry data showing actuarial survival for all lung transplant patients by
diagnosis (January 1990 to June 2001). Note higher early mortality for recipients with primary
pulmonary hypertension compared with other diagnoses. From www.ishlt.org.

data from the National Institutes of Health primary pulmonary
hypertension registry.2> At this point, however, it makes little
sense to compare the outcome of lung transplantation with that
of medical therapy. Lung transplantation should be utilized only
for patients in whom medical therapy fails.

Functional Outcomes of Transplantation

Functional outcomes have been analyzed by the International
Society for Heart and Lung Transplantation registry report.3> At
3 years post transplant, 89.6% of recipients reported no activ-
ity limitations, 9.3% were able to perform activity with some
assistance, and 1% required total assistance. Despite the func-
tional improvements achieved with transplantation, only a
minority of patients (29.1%) were working full time by 3 years
post transplant. A majority of patients (54.8%) required repeat
hospitalization in the first year of follow-up, although in the
third postoperative year this fell to 38.2%. The most common
reason for repeat hospitalization was allograft rejection and
infection.

Quality of Life Following Transplantation

Despite widespread use of lung transplantation as a therapeu-
tic modality, few published studies assess quality of life in
recipients of this procedure. Gross and colleagues3® document-
ed overall improvement in quality of life following lung trans-
plantation assessed by the Medical Outcomes Health Survey
(MOS)-20 health profile. Over the long term, the benefit per-
sists except in those patients who develop chronic rejection.
Although significant benefits in exercise tolerance, pulmonary
function, and quality of life exist following lung transplantation,
only a minority of patients return to work on a full-time basis.
The reasons why so few recipients return to work are not well
known. Following transplantation the majority of patients reach
functional levels that should not limit their physical ability to
work in a variety of occupations. It is true, however, that many
transplant recipients are unable to work because of financial
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centers of excellence. Ramsey
et al¥” outlined the overall
costs of lung transplantation
for the University of Washing-
ton Medical Center. The average charges for the procedure and
immediate postoperative care were $164,989 (median
$152,071). The post-transplant average monthly charges dur-
ing the first 6 months were $16,628; in the second 6 months
they were $5,440, but fell to $4,525 thereafter. This compared
to the average monthly charges for patients on the waiting list
of $3,395. Although these figures come from a single center,
they do not differ substantially from reports of other cen-
ters.38:39

Summary

All potential lung transplantation candidates with PAH should
be considered for treatment with epoprostenol where available.
In the United States, patients should be listed for transplanta-
tion at initiation of therapy; the response to epoprostenol
should be reviewed at regular intervals and dosage increased as
tolerated. Patients who respond well should be removed from
the transplant list and monitored for continued responsiveness.
For those in whom medical therapy fails, lung transplantation
remains a viable option. Despite the potential for improved sur-
vival and function, this procedure is associated with several
limitations. These include the lack of available donor lungs, the
morbidity and mortality associated with the surgery, high finan-
cial cost, lifelong need for immunosuppression, and the risk of
infection and rejection. Research is under way to develop bet-
ter methods for organ tolerance without the need for potent,
nonspecific immunosuppression. Potential candidates for lung
transplantation should be referred to transplant centers early to
maximize their chance for survival.
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Lung Transplantation: Timing, Perioperative
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Lung transplantation has evolved over the past several decades
in patients with end-stage lung disease. Single and bilateral
lung as well as heart-lung transplantation has been utilized in
the setting of severe pulmonary arterial hypertension (PAH)
when all other therapeutic measures have been unsuccessful.
While transplantation offers the prospect of improved survival
and functional status, the potential consequences of lifelong
immunosuppression and infection as well as chronic, refractory
allograft rejection mandate careful patient selection and close
follow-up prior to proceeding to transplantation. Pharmacologic
therapy for severe PAH has evolved considerably as well, and
survival with this disease in the setting of the best available
treatment (continuous intravenous epoprostenol) appears to be
approximately 88%, 76%, and 63% at 1, 2, and 3 years,
respectively.! Because progressive right ventricular failure still
occurs, transplantation must be considered in patients with
end-stage disease who meet selection criteria. We will focus on
timing of the referral and of the procedure, perioperative con-
siderations, and postoperative outcome. Candidate selection,
temporizing procedures such as septostomy, and immunosup-
pressive therapy are discussed in detail elsewhere in this issue.

Timing of Referral for

Transplantation and of Procedure

The physician caring for the patient with PAH must be cog-
nizant of three time-related variables: patient survival on cur-
rent maximal medical management, approximate projected
time on the waiting list, and patient survival after transplanta-
tion. Ideally, transplantation occurs when the clinically deterio-
rating patient has enough reserve to survive long enough to
undergo transplantation but is not debilitated enough to jeop-
ardize the graft (Table 1). With regard to this ideal there is sig-
nificant uncertainty. All patients who are in World Health
Organization (WHO) class Il and IV with refractory right ven-
tricular failure on presentation should be referred for transplan-
tation,? as should those with progressive right ventricular fail-
ure on maximal medical therapy.® Recent evidence from a
prospective observational study! demonstrated that patients
receiving intravenous epoprostenol therapy who had not
improved to functional class | or Il should be listed because
their mortality at 3 years was 38% and 100% for class Il and
IV, respectively. Patients with class | and Il symptoms will like-
ly have better survival with state-of-the-art medical therapy and
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referral should be deferred. However, patient characteristics
with respect to blood type, size, and panel reactive antibodies
should also be taken into account as these factors can signifi-
cantly prolong time on the waiting list.*

Unlike heart or liver transplantation, the lung transplant
allocation system does not take into account acuity of illness.®
The allocation algorithm in this system after matching size and
blood group is entirely based on time accrued since listing.
Organs are offered first locally then regionally in successive
500-mile increments.> Since the clinical introduction of lung
transplantation, the number of potential recipients has far out-
paced the number of donors. This donor shortage has doubled
the median time to transplant.6 There are currently 3937
patients awaiting lung transplantation and recent figures
demonstrate that 33% will die on the waiting list.>® Patient
characteristics that can significantly prolong time on the wait-
ing list are blood group antigen type, small patient size, and
high panel reactive antibodies. The 1992-2001 UNOS registry
demonstrated that blood type O patients waited an average of
11 months longer than blood type AB patients.®> In addition,
small patients (those with a total lung capacity less than 4.5 L),
wait an additional 60 days compared to recipients with a total
lung capacity greater than 4.5 L.% Lastly, Appel et al” demon-
strated that patients with high levels of panel reactive antibod-
ies also waited significantly longer for transplantation and had
higher mortality while waiting. Though no guidelines exist regar-
ding these issues, our inclination is to refer class Ill and IV
patients at the time of the initial evaluation. In the small group
of patients with good functional status but with mitigating char-
acteristics or history (ie, type O blood group or history of multi-
ple previous transfusions) referral for listing is individualized
and typically is reserved until some degree of disease progres-
sion has been demonstrated.

Operation

Historically, treatment for pulmonary hypertension required
transplantation of a heart-lung block.2 This initial approach
was consequent to the concern that right ventricular function
would not improve sufficiently to prevent perioperative morbid-
ity and mortality.? In the current era of surgical therapy for
PAH, isolated lung transplantation is now used in most cases
except in instances where uncorrectable structural defects or
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Table 1. Pulmonary Arterial Hypertension: Guidelines for Lung Transplantation*

General Guidelines

Disease-Specific Guidelines

Age limits Management
Single lung transplant ~65 years
Bilateral lung transplant  ~65 years
Heart-lung transplant ~bb years

Treatment based on disease severity:
Progression despite epoprostenol and standard supportive therapy*

Hemodynamic predictors of poor outcome

Absolute contraindications
Creatinine clearance <50 mg/mL/min
HIV infection

Active malignancy within 2 years’
Hepatitis B antigen positivity
Hepatitis C with positive liver biopsy

Cardiac index <2 L/min/m,
Mean right atrial pressure >15 mm Hg
Mean pulmonary artery pressure >55 mm Hg$

Indications for transplant
WHO class Il or IV with progression on vasodilator therapy

Relative contraindications
Symptomatic osteoporosis

Severe musculoskeletal disease
Bosy mass index >30
Hyperbilirubinemia >2.0 mg/dL
Tobacco or substance abuse
Psychosocial problems

Invasive ventilator support
Colonization with fungi or atypical
mycobacteria

* Modified from international guidelines*® and Pielsticker et al.!

T With exception of basal cell and squamous cell carcinoma of the skin. Further, 5-year waiting
period is recommended for high stage renal, breast, and colon cancers as well as advanced
melanoma (level Il or greater).

i Patients often respond well to continuous intravenous epoprostenol even with severe abnormal
hemodynamics as outlined here. Those not responding or with continued progression in spite of
such therapy should proceed to transplant.

$ In patients with congenital heart disease, mean pulmonary artery pressure is often in excess of
55 mm Hg; this measurement in and of itself does not portend same poor prognosis as in other
patients with pulmonary arterial hypertension.

IWHO=World Health Organization.

left ventricular dysfunction is present in the native heart.%10
Considerable variations in practice patterns have been reported
with respect to single versus bilateral lung transplantation for
pulmonary hypertension.!!

In a retrospective study of the University of Pittsburgh’s
experience, both procedures resulted in similar length of
mechanical ventilation, length of intensive care unit stay, and
mortality.!? Registry data from the International Society for
Heart and Lung Transplantation have confirmed no significant
differences in survival in patients with PAH.13 Despite no
apparent differences in mortality, significant differences exist
between those with single versus bilateral lung transplants with
respect to blood flow, pulmonary artery pressure, and immedi-
ate cardiac index.

After single lung transplantation almost the entire cardiac
output passes through the allograft while ventilation remains
evenly distributed.!*!7 This is well tolerated provided that min-
imal allograft dysfunction is present. In the face of reperfusion
injury, infection, or rejection, significant hypoxemia results
from increased ventilation perfusion mismatch.!®!8  Single
lung recipient outcomes are inextricably linked to the function
of the single allograft. Unlike other recipients transplanted for
other reasons, these recipients have no functional reserve from
their native lung because pulmonary blood flow continues to be
preferentially shunted through the allograft despite ineffectual
ventilation.? Additionally, an occasional complication of single
lung transplantation for pulmonary hypertension is infarction of
the native lung from hypoperfusion. Though rare, such situa-
tions require emergent reexploration and pneumonectomy.

Bando and colleagues!” further explored the postoperative

10 Advances in Pulmonary Hypertension

hemodynamic results following single lung, bilateral lung, and
heart-lung transplantation in a cohort of 57 consecutive
patients with pulmonary vascular disease. They demonstrated
that postoperative pulmonary artery pressures remained signifi-
cantly higher in those with single lung transplants than in those
with heart-lung or bilateral grafts; however, despite this differ-
ence, all groups experienced a significant decrease in pul-
monary artery pressures. They further noted improvement in
cardiac index in only the bilateral and heart-lung transplant
recipients.

The superiority of bilateral versus single lung transplanta-
tion in patients with PAH remains a matter of debate. We pre-
fer bilateral lung transplantation because it affords a greater
reduction in pulmonary artery pressure, enhanced right ventric-
ular protection and a larger effective pulmonary reserve. In
addition, recent investigations have demonstrated a significant
survival advantage of bilateral lung transplantation in patients
with end-stage lung disease.1%22

Perioperative Considerations

Worsening right ventricular failure is a substantial concern in
PAH. Perioperative management requires the understanding of
the multiple mechanisms that can lead to progressive ventricu-
lar dysfunction, such as inadequate preload, provoked increas-
es in pulmonary resistance, fluid overload, systemic hypoten-
sion, and hypoxemia.

Intraoperative management requires continuation of the
optimized pharmacologic regimen (generally epoprostenol)
through surgery because abrupt discontinuation can lead to
profound pulmonary vasoconstriction, right heart failure, and
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death.2® Typically, ascitic fluid is drained to allow for greater
diaphragmatic excursion (sometimes requiring a temporary
peritoneal catheter for intermittent decompression of the
abdomen postoperatively). Additionally, the bypass is primed
with fresh frozen plasma rather than isotonic crystalloid.
Careful attention must be paid to volume status and diuretics
must be used with caution based on hemodynamic monitoring.
The prothrombin time, fibrinogen level, and a thromboelas-
togram should guide replacement therapy intraoperatively.
Oxygen saturation should be kept greater than 90% to avoid
unnecessary hypoxic vasoconstriction.?* Normally, acidosis has
minimal effect on pulmonary vascular resistance; however, in
the presence of alveolar hypoxia its effect is considerably aug-
mented. Rudolph et al?® have demonstrated a decrease in pul-
monary vascular resistance in patients with pulmonary hyper-
tension by reducing the arterial carbon dioxide tension and
hydrogen ion concentration. In the event that inotropic support
is required in the face of euvolemia, dobutamine is the first
agent of choice because of its pulmonary vasodilatory proper-
ties.26 Milrinone can also be used, but its lack of pulmonary
specificity can aggravate systemic hypotension.?’ If hypoten-
sion continues, norepinephrine and phenylephrine can be used
to augment coronary perfusion by maintaining systemic pres-
sures.?8

Postoperative management can be quite challenging.
Patients may die suddenly in the immediate postoperative peri-
od from hemodynamic perturbations. Although single and bilat-
eral lung transplantation results in immediate afterload reduc-
tion in the operating room, right ventricular function recovers
more slowly.10 2931 Care must be taken to avoid pulmonary
vasoconstriction and any therapy that decreases pulmonary vas-
cular resistance should be weaned with caution.?® Early extu-
bation and mobilization of transplant recipients as well as neg-
ative fluid balance are the cornerstones of management. Loss
of local defense mechanisms, consequent to denervation and
reduction of mucociliary clearance, identifies why the allograft
is more vulnerable to atalectasis and infection.32 Therefore,
early extubation and mobilization of recipients augment lung
reexpansion and recruitment of alveoli. Fluids are restricted and
diuretics administered to achieve a negative fluid balance.
Passive hepatic congestion from chronic right ventricular failure
will likely have resulted in impaired liver synthetic function.
Patients will be prone to coagulopathy and ascites. Intermittent
drainage of ascites is indicated to augment ventilatory effort.
Liberal use of vitamin K and fresh frozen plasma may be need-
ed to prevent posttransplantion coagulopathy.

Outcomes

Reported cumulative world experience exceeds 13,000 lung
transplants with 73% 1-year and 45% 5-year overall survival.33
Patients with PAH, idiopathic pulmonary fibrosis, and sarcoido-
sis have higher early mortality rates than those with other diag-
noses.33 Patients with cystic fibrosis have 1-, 5-, and 10-year
survival rates of 78%, 52%, and 37% while those recipients
with PAH have survival rates of 64%, 44%, and 20%, respec-
tively.33 As noted, patients with PAH have the highest early haz-
ard of all diagnoses. This can be explained by the complexity of

the operation, the requirement for cardiopulmonary bypass, and
the right ventricular dysfunction common in these patients.

The two most common causes of death after the first trans-
plant year include bronchiolitis obliterans and infection.33
Long-term success of lung transplantation is limited by chron-
ic allograft dysfunction, thought to be primarily due to chronic
allograft rejection. This injury has been characterized by scar
formation and fibrosis of the small airways and is defined as
bronchiolitis obliterans.3* The diagnosis of bronchiolitis oblit-
erans requires a histopathologic specimen that includes the
small to medium sized airways. However, transbronchial biopsy
specimens are insensitive for this diagnosis, since mostly alve-
olar tissue is obtained and bronchioles are infrequently sam-
pled. The International Society for Heart and Lung Transplan-
tation developed a reproducible and reliable surrogate marker
for bronchiolitis obliterans that utilizes declining FEV,.3° The
system has been widely adopted and validated as a useful sur-
rogate for histological bronchiolitis obliterans.

Bronchiolitis obliterans syndrome (BOS) is the most com-
mon cause of morbidity and mortality following lung transplan-
tation. At 5 years, 50% of transplanted patients have developed
BOS and of the survivors, more than 33% continue to carry this
diagnosis. Quality of life is significantly reduced once BOS
develops, and the risk for death due to infection may also be
increased.36-3°

Kshettry and colleagues retrospectively analyzed 107 lung
allograft recipients for the development of bronchiolitis obliter-
ans to evaluate PAH as a potential risk factor. They demon-
strated that patients with PAH developed bronchiolitis obliter-
ans more often (39% vs 19%; P = .044) and more rapidly (12
vs 15 months; P = .05) than those with other diagnoses.*°
However, results from other investigators have not corroborated
these findings. Sundaresan at Washington University, reported
no significant tendency for development of BOS (surrogate for
bronchiolitis obliterans) in patients with PAH.*L 42 At present
there is no consensus as to whether PAH is a risk factor for the
development of bronchiolitis obliterans.

The lungs are particularly vulnerable to infection after trans-
plantation. This is likely the consequence of multiple factors
that include constant exposure to potential inhaled pathogens,
impaired local defense mechanisms (cough and mucociliary
transport), and immunosuppression. Bronchoscopy is an invalu-
able adjunct for diagnosing pulmonary infection, because clin-
ical or physiological parameters are often unable to distinguish
between the two.*® Non-CMV pneumonia is most commonly
caused by gram-negative bacteria and Staphylococcus aureus
early in the postoperative period. Viruses, fungi, and protozoa
compose a set of more severe late infections that are more dif-
ficult to treat if prophylaxis is unsuccessful.*

Five years after transplantation, the most common morbidi-
ties excluding bronchiolitis obliterans include hypertension,
hyperlipidemia, renal dysfunction, and diabetes (Table 2).33
Osteoporosis can be prevented to some extent. All are a conse-
quence of immunosuppressive therapy.

Despite all of these factors, more than 80% of 1-, 3-, and
H-year survivors reported no activity limitations on follow-up. In
addition, at 5 years, 40% of patients reported they were work-
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Lung Transplant Evaluation:
Requirements Prior to Listing"

Consultation

¢ Lung transplant surgeon and pulmonologist

* Physical therapy (6 minute walk, rest / exercise O,
saturation, musculoskeletal evaluation)

e Nutrition service

e Transplant social work

e Medical psychology

¢ Cardiopulmonary anesthesia

Diagnostic Imaging

¢ Chest radiogram

e Chest computed tomographic scan

e Differential ventilation-perfusion scan (relative
lung perfusion)

e Mammogram (women age >35, if not performed
within the last year)

e Carotid ultrasound (age >50; evaluate for stenosis /
plague)

Cardiac / Pulmonary Studies

e Electrocardiogram

e Echocardiography with microcavitation

¢ Resting gated blood pool study (including right
ventricular ejection fraction)

e Right heart catheterization (if age >40, left
and right heart procedure)*

e Pulmonary function testing with arterial blood
gas testing

Laboratory testing

e Complete blood count

e Electrolytes, BUN, creatinine, glucose
e Liver function tests

* Routine coagulation studies (PT / INR, aPTT)
e Serum albumin, total protein

e Uric acid

e Thyroid profile

e FANA

e Carcinoembryonic antigen

e Lipid panel

¢ Prostate-specific antigen

¢ Hepatitis B surface antigen

¢ Hepatitis B core antibody

e Hepatitis C virus antibody

¢ RPR (VDRL)

e CMV immune screen

e HIV-1 antibody

e Toxoplasma IgG antibody

e Herpes simplex 1gG

e Varicella-zoster antibody

e Epstein-Barr virus antibody

¢ Type and screen

e HLA-AB screen

e HLA DR / DQ and HLA ABC

e Skin testing battery of 8 (PPD, fungal, etc.)

Vaccine Administration

e Tetanus vaccine (If not administered in previous
10 years)

® Pneumovax (if not previously administered)

Additional Testing
e Gastric pH / esophageal manometry®

* Patients are referred to the transplant pulmonologist, who, together
with the lung transplant coordinator, directs the evaluation. All con-

sultation and diagnostic studies are thoroughly reviewed by the lung

transplant team prior to listing

T Duke University Medical Center Lung Transplant Evaluation

¥ In patients with sarcoidosis, a cardiac biopsy is also performed at
the time of catheterization.

$ These studies are performed if there is concern about abnormal
esophageal motility or aspiration, such as in patients with collagen
vascular disease. Additional diagnostic studies are often performed
in transplant candidates with other underlying health problems.
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Table 2. Common Morbidities 5 Years
After Lung Transplantation

Outcome Percentage
Hypertension 86.5
Hyperlipidemia 43.4
Renal dysfunction 38.3
Abnormal creatinine <2.5 mg/dL 20.2
Creatinine >2.5 mg/dL 13.7
Dialysis dependent 3.4
Renal transplantation 0.9
Diabetes 27.8

Adapted from Trulock.33

ing full or part time.33 Further, Gross and colleagues*® demon-
strated significant improvement in health-related quality of life
and satisfaction in about 80% of recipients interviewed.

Comment

Prior to the availability of epoprostenol, lung transplantation for
PAH was indicated when mean right atrial pressure was >15
mm Hg, mean pulmonary artery pressure was >55 mm Hg, and
cardiac index was <2 L/min/m? and early survival was accept-
able. Subsequent to the availability of medical therapy, the
indications for transplantation have not changed but the
patients are significantly more debilitated. Today, patients with
pulmonary hypertension face a significant early hazard, with a
30-day survival of only 76%, while patients with CF and COPD
have a survival of 91% and 93%, respectively.33 Based on a
conditional survival of 3 months, there is no difference between
pulmonary hypertension, CF, and COPD, each with a 6-month
survival of 96%.33 This high early mortality seen after lung
transplantation in patients with pulmonary hypertension likely
reflects the ability of vasodilator therapy to prolong life despite
significant pathophysiology. The advent of vasodilator therapy
and the less than ideal results of lung transplantation for PAH
have tempted clinicians to refer patients later when they have
more advanced right ventricular failure. Despite these results,
outcomes have improved since its original description and
things must be kept in perspective.

With the significant medical advances in the treatment of
PAH, transplantation should be reserved for those patients in
whom pharmacologic therapy has failed. In this subset of
patients whose condition does not respond, and which deterio-
rates with pulmonary vasodilator therapy, significant improve-
ment in hemodynamics, functional class, actuarial survival, and
quality of life has been demonstrated with isolated lung trans-
plantation. Candidate selection and timing of referral to trans-
plant centers is critical for ultimate success, particularly with
current allocation protocols that do not take into account the
severity of illness. Though long-term success is tempered by
chronic allograft dysfunction and infection, significant improve-
ments in outcomes have established lung transplantation for
PAH as an efficacious and life-prolonging treatment.
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Victor Tapson, MD

Robert Frantz, MD

John Conte, MD

Pulmonary Hypertension Roundtable

Protocols in Heart and Lung Transplantation:
An Essential Guide to Preoperative Assessment
and Timing to Improve Outcomes

This discussion was moderated by Victor Tapson, MD,
Editor-in-Chief of Advances in Pulmonary Hyperten-
sion and Associate Professor, Division of Pulmonary
and Critical Care Medicine, Duke University Medical
Center, Durham, North Carolina. The participants
included Robert Frantz, MD, Assistant Professor of
Medicine, Cardiovascular Division, Mayo Clinic,
Rochester, Minnesota; and John Conte, MD, Associ-
ate Professor of Surgery and Director of Heart and
Lung Transplantation, Johns Hopkins University,
Baltimore, MD.

Dr Tapson: Let's start with a couple of general com-
ments about transplantation and pulmonary hyper-
tension. The first thing that comes to mind is the
issue of timing and the severity of PH. When is it the
right time to proceed with transplantation or listing?

Dr Frantz: That's a timely topic in a situation where
the allocation system for donated lungs may soon be
changed by the United Network for Organ Sharing
(UNOS). It is sometimes difficult to know when to list
patients with PH for lung transplant, especially if they
are doing reasonably well with their current therapy.
We tend to have to lead the curve by a long way
because the waiting times for a lung transplant can
be so long. If we don't think about it at least a cou-
ple of years ahead of time, the patients may be at risk
of dying on the waiting list. The other thing to keep in
mind is that the outcomes in general for lung trans-
plantation for PH have been inferior to those for many
other diseases, such as COPD, and results seem to
vary some from center to center. There is a need to
understand why it is that some patients with lung
transplants don’t do well if they had pulmonary hyper-
tension as their preceding diagnosis. We would like to
perform lung transplantation before advanced right
heart failure develops because at that point the risk
of the operation may rise. So, for us, we're always
working on the questions, when is the right time for
lung transplantation, is a lung transplant adequate or
would a heart-lung transplant be better, and when is
it too late?

Dr Tapson: A few years back we would list patients for
lung transplantation as soon as they were diagnosed
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with PH. As their illness progressed, they would end
up receiving intravenous prostacyclin, and several or
more years would go by. They did well enough with
this drug that we'd end up inactivating them. We ulti-
mately realized that we didn’t have to list them so
soon, and we'd start listing them when they began
Flolan therapy, or perhaps a bit sooner. | guess to
some degree it may depend on the center and the
patient’s blood type. If the center has a very long
waiting list or a very short waiting list, the listing time
may depend on those kinds of things.

Dr Frantz: Yes, no doubt that’s true, and it may vary
some from center to center. | have been impressed
that young patients who have otherwise been healthy
can sometimes be surprisingly well compensated
until they are about to fall off the edge. And then it
can be too late in the sense that sometimes patients
can walk 400 or 500 meters with Flolan therapy and
look remarkably well compensated, and then 2 years
later they are just in disastrous trouble, where you are
worried they are not going to survive to transplanta-
tion.

Dr Tapson: Because of its clear association with
improved survival, we have been inclined to rely heav-
ily on Flolan and sometimes, perhaps, we rely on it for
too long. We need to realize that when someone tak-
ing this drug is not doing well, that we usually have
little else to offer. We don’t have enough data on new
drugs combined with Flolan, as yet. John, when you
approach transplantation and the patient is a pul-
monary hypertension patient, is there anything that
would particularly concern you or result in any differ-
ences with regard to your approach to surgery?

Dr Conte: Definitely. First and foremost, they need to
have been evaluated by someone who treats patients
with pulmonary vascular disease, just because of the
things you've been talking about. Most people will do
better in your hands than in my hands. However, oddly
enough, the results of transplantation in our program
with pulmonary hypertension are better than in any
other patient group, but it is not because | do any-
thing differently. | think it has to do with the fact that
we have such good pulmonary vascular disease folks
around. But | certainly think they should get optimal



medical therapy. Back when many of us
started this, there wasn't much, other than
calcium channel blockers, to treat these
patients. Then the prostanoids came along
and boom, we avoid transplantation. Then we
kind of looked at medical therapy as a bridge
to transplantation, and then as we got better
and better at medical management, it
became an alternative to transplantation for
many patients. So | think patients need to
have a thorough evaluation and a ftrial of
medical therapy with vasoactive medica-
tions. Certainly, it started off with the
prostanoids, but we have several other
options at this point.

Dr Tapson: John, when patients come to you
ready for transplantation, is there anything
particularly that disturbs you in terms of
hemodynamics? Are there values that make
you feel the patient is too sick? Is there a
certain cardiac index or severity of disease
that concerns you about proceeding?

Dr Conte: We used to say that by nuclear study an ejection frac-
tion of less than 10% was an indication for heart-lung trans-
plantation. At every institution that number may be a little high-
er or a little lower than that, but | can’t say there has been a
patient in my experience on whom | regretted doing a lung
transplant alone. | had one patient who did require inotropes for
a period of time postoperatively, for about a month. But that
patient was able to come off inotropes and right heart function
has just continuously improved over the last 2 years. If you can
get them through the operation, there is no advantage in doing
a heart-lung transplant, plus getting a heart and lung is nearly
impossible. With the way the UNOS allocation system is cur-
rently configured, the need for a heart-lung transplantation is a
tremendous disadvantage. To get a heart-lung block you have to
be in the same pool as people with just heart disease. Those
with the highest priority are all in the hospital on various
degrees of support. We currently have a patient who is status 1-
A, the highest priority for the heart people, in the hospital sit-
ting around waiting for a donor.

Dr Tapson: John, what about the old single versus bilateral lung
argument? Is there a standard now, or is this still center-
dependent? Are most people doing bilateral lungs?

Dr Conte: | think most people are doing bilateral lungs, but
there are certain places where they have always done single
lungs and have had fairly good results, and they are going to
continue to do it. | think it boils down to your basic philosophy.
Do you want to treat as many people as possible with a limited
resource, or do you want to try and get the best results out of
every single patient? At about 3 years there starts to be an
advantage, regardless of the etiology of the end-stage lung dis-
ease, there tends to be an advantage in survival with bilateral
lung transplantation. | have always believed that in younger
patients | should do bilateral lung transplants. But quite hon-

estly there are many young patients who were
near death in whom we did a single lung
transplant who have done very well. | think
individual institutions will tailor their prefer-
ences as they see fit, and you can defend or
argue against any position.

Dr Tapson: So timing might be a concern. If
you've got someone really running out of
time and you can't get a bilateral lung block,
but you've got a single lung, might you pro-
ceed based on the fact that you've got some-
thing available that would be life saving?

Dr Conte: Absolutely.

Dr Frantz: John, | am very interested in your
perspective about what it takes to make a
« pulmonary hypertension patient do well with
2 transplantation. As you know, the UNOS
% database shows a 1-year posttransplant sur-
~ o vival rate for patients with PH to be about
64% compared to about 80% for COPD. This is causing the
UNOS subcommittee looking at lung allocation to consider
requiring PH patients to be incredibly ill before they receive pri-
ority for lung transplantation, and | think at your center and
ours that is not our experience. The PH patients are young, they
often can do extremely well with transplantation, and it seems
that perioperative management must be critical. What do you
think explains the problem nationally with outcome in lung
transplantation for PH?

searchers

Dr Conte: | think most people in this country who do transplan-
tation are general thoracic surgeons. And | think lung trans-
plantation for PH is a cardiovascular disease treatment best
handled by people who are used to handling the heart-lung
machine. All of these people who have significant PH have to
be placed on the heart-lung machine and | think many trans-
plant surgeons try to avoid that, not so much in patients with
primary PH, but in those with secondary PH. When you do that
you can see severe reperfusion injury when the first lung sees
tremendous pressures during reperfusion and it gets overcircu-
lated, pulmonary edema develops, and the spiral starts. So, |
think the fact that | am used to the heart-lung machine and am
not afraid of it will give me a small advantage in taking care of
these patients. Anybody who has a mean pulmonary pressure
greater than 40 mm Hg goes right on the heart-lung machine.

Dr Frantz: Well, | think those are very wise comments and it is
my perception as well that this is the issue, that cardiothoracic
surgeons are used to using cardiopulmonary bypass every day,
and thoracic surgeons don’t do that every day. They do it maybe
when they have a PH patient to transplant. It has made me
wonder, though, if we are potentially going to change the lung
allocation system in a way that might be detrimental to PH
patients because they have the worst outcome nationally.
Maybe we should be talking about designating centers of excel-
lence for lung transplant for PH and directing those patients
there preferentially.
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Dr Conte: | think you can do that at the grass roots organiza-
tional level where you can verbalize that people with PH have
done very well at these centers. However, from a national and a
regulatory standpoint, there is no way that anybody is going to
allow that to happen. | mean, just like | may refer someone with
a certain disease to a physician who is very good, | can’t say
every patient has to go to that physician. | don’t see how we can
set it up nationally that PH patients are treated only at
Michigan or Kansas or wherever. Normal referral patterns will
be followed. Then if the people at those centers say “We're not
great with pulmonary hypertension, you ought to go to Durham,
because Vic Tapson and Duane Davis are there,” so be it.

Dr Tapson: John, we want to talk about postop management. Do
you and the transplant pulmonologists manage these folks
together, postoperatively? Do you keep them for a certain
amount of time and then gradually turn them over to pulmonary
specialists? How do you handle this at Hopkins?

Dr Conte: It's a team effort all the way, starting with preoperative
management. As the patients begin to deteriorate a little bit we
discuss them more and more frequently, so that what | might
accept as a usable lung for patients when they are just being
plugged into the system will be different as their condition wors-
ens. We communicate very frequently preoperatively.
Postoperatively, it is a joint management effort from as soon as
they get back from the operating room until they are discharged
from the hospital. It is only after they are discharged from the
hospital that the medical transplant team takes over. A couple of
things I've learned over the years that | think benefit these
patients are maintaining higher peak airway pressures to try and
reduce the amount of interalveolar fluid, interstitial fluid, and we
also tend to try to keep them a bit dry. If that means they require
inotropes or vasoconstrictors, so be it. | think there is probably a
72-hour period in which pulmonary interstitial fluid tends to
sequester, and we try to ride patients out through that period
with higher airway pressures. | think that helps shift that equa-
tion of fluid leaving the vascular space and into the interstitial
spaces and alveoli in favor of keeping it in the vascular space.

Dr Tapson: Do you think transplant teams tend to have more
rigid criteria or scrutinize PH patients a bit more carefully than
other lung transplant candidates because the risk of mortality
may be higher? For example, in terms of age criteria?

Dr Conte: From my standpoint, no. We have an age cutoff of
about 60 for bilateral lung transplant patients and | really don't
think we've looked at whether they would have to have normal
PA pressures or not. | operated on a 61-year-old woman about
2% weeks ago who had sacroidosis, but severe secondary PH,
and she did fine. So, | think you have patients who occasional-
ly might not do as well, which might lead you to think you
shouldn’t do anybody over age 50. But | think we individualize
patients no matter what their disease process is, so no, we don't
have anything special for PH patients.

Dr Tapson: How about for scleroderma and CREST patients? At
Duke we've been fairly rigid about who we will do and we very
meticulously screen everyone's esophageal function, for exam-
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ple, since we have felt that reflux and aspiration can be a sub-
stantial problem after transplantation, especially with the asso-
ciated further reduction in gastrointestinal motility that you
often see. Bob and John, how do you feel about transplantation
in CREST or scleroderma patients?

Dr Frantz: Well, | think that's an area where we have to be
extremely careful. These patients may have involvement of the
kidneys, which can be an issue in terms of the toxicity of
cyclosporin after transplantation. Sometimes they can have
coronary involvement as well. They may be undergoing
immunosuppression, including sometimes steroids and other
agents, and so the ability of their wounds to heal and their tis-
sue integrity may be impaired. Some of them also have sub-
stantial problems with ulceration in their fingers and so forth
that might be a risk for infection. | think we have to be very
careful and certainly more selective in terms of those types of
patients than we would be for a patient with primary PH.

Dr Conte: | think we do screen them very thoroughly, but | don’t
know if we are any more restrictive. | do think cutaneous ulcers,
if they are active and are not healing, would rule them out.
We've performed transplantation in several patients who had
healed ulcers and they had no more wound problems than any-
body else.

Dr Frantz: | agree with that. If their ulcers have healed, they
should be OK.

Dr Tapson: What are the criteria for esophageal dysfunction?
That's what I'm always told is what precludes them from being
candidates.

Dr Frantz: If they have a patulous esophagus with very impaired
motility on barium swallow, that is a great concern. | think all
of us have seen problems with patients who have recurrent aspi-
ration, and in postlung transplantation it can just be a disaster.
So we tend to look at esophageal motility and often refer to our
gastroenterologist to get a feel for how well the esophagus is
functioning. If there is substantial esophageal dysmotility, that
would be a concern for us in terms of transplantation.

Dr Conte: | agree wholeheartedly, but | should not even be
speaking on this. Vic, you and your colleagues at Duke have led
all of us in this regard. At the Society of Thoracic Surgeons
meeting a few days ago, one of the Duke residents presented a
nice series of patients where postoperatively people had
esophageal wraps done and had improved outcomes and
decreased OB, am | correct?

Dr Tapson: Yes, that's right. We have seen some significant ben-
efit in that realm and Duane and most of my colleagues here
have been very aggressive in that respect. Our transplant pul-
monologists scrutinize these folks very carefully, as do your cen-
ters. As Bob suggested, if there is a very abnormal esophagus,
there is significant concern going into transplant. So all of our
patients get a very detailed evaluation with a swallowing study
and manometry to make sure there are not substantial abnor-
malities. | am not so sure there is a clear cutoff point of who is



too severe to be transplanted in that
respect.

Dr Frantz: John, I'd like to come back to
the issues of heart-lung versus lung trans-
plants and deciding when it is too late to do
lung transplantation in patients with PH.
For example, patients with ascites develop-
ing to a substantial degree, with a low out-
put syndrome, with creatinine levels start-
ing to climb and we are thinking we need to
add dopamine on top of Flolan to keep
them alive, can patients like that still do
well with a double lung transplant? Or, if
the right ventricle is really in great trouble, is it too late?

.

the new proposed allocation system is that
fewer patients with emphysema who have
relatively preserved FEV,, or whose risk

of dying is relatively low may undergo
transplantation.—Dr Frantz

o

Dr Conte: Certainly | think the postoperative course is going to
be a little bit more difficult and more protracted. But | have per-
formed transplantation in five patients who had PH and were
receiving inotropes, mostly dopamine, though two actually had
dopamine and dobutamine, and all five of those patients did
well. Now, one patient had a very protracted postoperative
course and required inotropes for about a month, but | don't
think she would have received a heart-lung transplant in time,
given our organ allocation system. | think if this were a perfect
world and we were taking things off the shelf, a patient like that
would, with no question in my mind, be better served by a
heart-lung transplant. But that’s not reality. So | think if some-
body has two lungs that are available and they have right heart
dysfunction, they can get through just about anything.

Dr Frantz: In your hands that is probably true, but | am trying
to drive at why it is that the national outcomes are not so good.
Maybe it has more to do with this issue we talked about earlier
in terms of the use of cardiopulmonary bypass and being famil-
iar with it. It would be interesting to look in more detail at the
patients who didn’t survive lung transplantation and see what
happened. Perhaps a multicenter registry effort could help us
understand what the issues really are in terms of outcomes.

Dr Tapson: | certainly recall 1990 and 1991 when we per-
formed transplantation in our first PH patients. Although some
patients did well, we didn't have much experience with prosta-
cyclin back then. We really respected this disease, as we do
now, but we realized the mortality was high, particularly with
more severe hemodynamics. | wonder if in some cases we were
simply transplanting sooner and that now we have such faith in
prostacyclin that we are more reluctant to say it is time. It is
clear when someone’s condition is deteriorating and hemody-
namics are bad in the face of prostacyclin that it is time to
transplant, but it would be ideal if there were some way we
could recognize a bit earlier that it is time to transplant. | am
not sure there is a simple way to do that. Here we are starting
to look at the BNP levels in pulmonary hypertension, but we
don't really know whether these can help predict if and when
someone’s condition is going to deteriorate. It would be nice to
know when the right ventricle is going to finally buckle and it is
time to transplant rather than waiting for someone to clearly
worsen with Flolan.

We have tended to list
quite early because
the waiting times have
just been remarkably
long for lungs. This
may be changing
though, in the sense
that the one benefit of

Dr Conte: | don't think we have that.
Unfortunately, not enough people are study-
ing that question to have good data.
Certainly, we’ll never get prospective ran-
domized data, but | think good clinical data
looking at those specific markers would be
helpful.

Dr Frantz: We do have data from the PH lit-
erature published last year by Dr Sitbon
indicating that, for example, patients who
despite having received IV epoprostenol
(Flolan) for at least 3 months can walk less
than 380 meters in 6 minutes have a worse
prognosis compared to those who could walk farther. These
patients who despite several months of IV epoprostenol are still
functional class 3+ are clearly ones we have to be careful to
move toward transplantation much sooner than somebody who
can walk 500 meters with epoprostenol therapy.

Dr Tapson: One thing we haven't touched on is cases, for exam-
ple, of congenital heart disease, where there are extraordinarily
high pressures, but reasonably good right ventricular function.
It is difficult to go just by the mean PA pressure, and in terms
of timing for transplantation, the same sort of things apply for
walk distance, RV function by echocardiography, and clinical
right heart failure. We have had a few cases of transplantation
based on significant hemoptysis that has developed and been
relatively refractory. Any thoughts on congenital heart disease
patients and the approach to transplant or timing?

Dr Conte: The teaching | grew up with was that patients with
congenital heart disease will live forever and you don’t have to
rush as much as you would with those in whom disease devel-
ops later in life. | don’t think I'd do anything markedly different
in their evaluation, with one exception. For patients with con-
genital heart disease, | very frequently get an MRI or an
angiogram or an aortogram looking for aortopulmonary collater-
als. It's the thing that when you least expect it you're going to
get into this friable little vessel that’s going to bleed and cause
problems, and that's the only thing | do from an evaluation
standpoint.

Dr Frantz: Patients with congenital heart disease tend to have
more gradual deterioration than primary PH patients in gener-
al. Some of it | think is if they have a residual right to left shunt
it may offload the right ventricle and allow them to avoid prob-
lems with right heart failure for a longer period. So it can make
it more difficult to know when to move to transplantation. For
some of them the operative risk of transplantation is also sub-
stantial if they have had multiple prior operations and, as Dr
Conte mentions, have collaterals in the chest so they bleed a lot
at operation. They may have received multiple transfusions, so
they have high positive panel reactive antibody titers that make
it harder to identify suitable organs. It's a complex group that
has to be treated in a very individual way, given the complexity
and variety of congenital heart disease.

Dr Tapson: I’'m sure that it is further complicated by the fact that
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some of these patients cannot get by with a bilateral lung trans-
plant and VSD repair, for example. Some require heart-lung
transplantation, which makes timing more of a concern as well.

Dr Conte: The data as to which patients require heart-lung
transplants and which can receive bilateral or single lung trans-
plants with intracardiac repair are pretty sketchy. I've tended to
look at supraventricular problems as repairable (ie, ASV, PDA),
those types of things. Patients who have anything other than a
very simple membranous VSD are those who need a heart-lung
transplant. Those with tetralogy, single ventricles, or even more
complex muscular VSDs require heart-lung transplantation.

Dr Tapson: Anything, John, along the lines of right ventricular
mechanical assist devices in the surgical realm that might buy
time or help postoperatively in these patients?

Dr Conte: We have been looking at a percutaneous right ven-
tricular support system from a company called A-Med that has
recently been bought out by Guidant and it's something we cer-
tainly will consider, not just for this patient population but for
those who undergo regular cardiac surgery and have right ven-
tricular dysfunction.

Dr Tapson: So that is on the horizon?
Dr Conte: Right.

Dr Tapson: Great. | don't think we need to talk about postoper-
ative issues in any detail since eventually these folks tend to be
similar in terms of management of immunosuppressive therapy
and the like. Any other issues we want to talk about? Anything
else about the UNQOS allocation or anything else that may be
worth mentioning in more detail?

Dr Frantz: | think it's important that we talk a little bit about
that because the new guidelines for lung allocation are in flux.
| am trying to have some impact on that discussion by bringing
to the attention of the UNOS committee that the data they are
using looking at outcomes do not reflect outcomes at some cen-
ters such as ours and Hopkins. Essentially the UNOS subcom-
mittee has been suggesting that we give priority to patients with
PH who can walk less than 150 feet, not meters but feet. That’s
less than 50 meters. Those patients are moribund. If we went
in that direction, we might well cause more harm than good by
transplanting in those who are extremely end stage. | am hop-
ing we will be able to work out a recommendation that alloca-
tion be made for patients with PH who can walk less than some
other distance. We might pick something like 380 meters based
on Dr Sitbon’s data or 300 meters, or something like that. It
concerns me that the current system appears to make it diffi-
cult for patients with PH unless they are extremely impaired. |
shouldn’t say the current system. | should say the current pro-
posed system. | don't think it will turn out that way because |
think we will be able to modulate the recommendations before
they become working recommendations.

Dr Tapson: Are you folks seeing the use of septostomy very often
in these PH patients?
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Dr Frantz: It is a situation where, if patients are doing poorly,
with right heart failure despite epoprostenol, then it is worth
thinking about. The issue is that if they have systemic desatu-
ration on a regular basis, then you are going to aggravate that
with septostomy. Many patients for whom | have considered it
have already had systemic stats that are low, and | worry that |
am just going to aggravate their hypoxemia. On the other hand,
if the systemic stats are adequate, it can be considered, but in
the very patients where we think about it where the right atrial
pressure is quite high, the cardiac index is low, it is a higher
risk group for not doing well with it. So, honestly, we’ve not per-
formed it here in any of these patients receiving epoprostenol.

Dr Tapson: Any strong feelings about exactly when to list? |
should mention that we usually used to list people when they
were initally diagnosed with PH and learned that that is too
soon in most cases. We generally list now if someone has to
have prostacyclin therapy and sometimes sooner than that.

Dr Frantz: We have tended to list quite early because the wait-
ing times have just been remarkably long for lungs. This may be
changing though, in the sense that the one benefit of the new
proposed allocation system is that fewer patients with emphy-
sema who have relatively preserved FEV, or whose risk of dying
is relatively low may undergo transplantation. This might free
up some donor lungs to help patients in even greater need. A
very large number of patients with emphysema receive trans-
plants at variable times in their disease course, so we have felt
the need to list our PH patients very early.

Dr Tapson: Is there any penalty for that? Is there some reason
centers might not want to list people and then inactivate and
have a large number of patients on their list inactive?

Dr Frantz: Well, it is a bit cumbersome because you have this
list that has people on it who aren’t really ready to proceed with
transplantation. It also makes your waiting times look really
long if you are listing people and then deliberately not doing
transplants because they are too well. Under the proposed new
system there may be listing criteria at the time of listing where
those numbers influence priority, so if you list people early who
have relatively preserved walk distances, they are going to be
low priority for transplant anyway, and you may be better off
waiting until they meet higher priority scores. But we need to
see how the rules are going to work.

Dr Tapson: Bob, you gave an example of a patient regarding
whether you should do a heart-lung transplant or just lungs,
someone with advanced right ventricular failure and a lot of
ascites. How much does that ascites bother you? Do you worry
that at some point it is more than just fluid overload, that it is
turning into cardiac cirrhosis and you are transplanting in some-
one who may now have substantial liver dysfunction, too?

Dr Frantz: This issue does come up sometimes. It probably
comes up even more in patients who do not have primary PH.
Sometimes other patients who have restrictive cardiomyopathy
or are waiting for heart transplantation have ascites for a cou-
ple of years and their LFTs are off a bit. In some of those



patients we have done a liver biopsy to make sure it is essen-
tially a noncirrhotic liver, in order to be confident that we
weren’t going to have a problem in that way. For most PH
patients we have found that if we treat them with enough
inotropes and really treat them vigorously, we can usually con-
trol the ascites. If we couldn’t control it, | would be quite wor-
ried and might consider liver biopsy in some situations. | have

actually not encountered that yet, where | couldn’t control the
ascites with inotropes and diuretics in a primary PH patient.

Dr Tapson: Bob and John, I'd like to thank you both for taking
the time to discuss these issues for Advances in Pulmonary
Hypertension. | look forward to our future interactions.

Profiles
(continued from page 3)

strain. We did it by gradually constricting the pulmonary artery
with a band, tightening it every week or two until the right heart
failed just as it does in the clinical situation. Then we released
the band, dropping the pressure to more normal in these dogs
and we studied how quickly the right ventricle recovers if you
take the load off of it. This was a prelude to considering lung
transplant rather than heart-lung transplant and we found that
in these dogs there could be very rapid recovery of function in
the right ventricle.”

This led Dr Cooper and colleagues to rethink their strategy,
namely, that they did not need to perform both a heart and a
lung transplant. This meant that many more organs would be
available for additional patients. “You could do a lung trans-
plant and the heart would recover. We found that the heart
undergoes remodeling, the thickened right ventricle returns to
a more normal shape and thickness.” Dr Cooper recalls that a

In the Next Issue

Portopulmonary Hypertension

single lung transplant for PH was performed on November 21,
1989, in a woman who survived and lived for a number of years.
“We do have good results for single lung transplant for PH even
though a bilateral is done most of the time now. Fortunately,
medical management of these patients has greatly improved, so
the number of patients coming to transplant has diminished
somewhat,” he added.

“I've always felt that lung transplantation for PH is the most
critical, most demanding surgery—not so much from a techni-
cal standpoint, although it does involve the use of cardiopul-
monary bypass, but in terms of postoperative care of the
patient. Therefore, the best results will be obtained by centers
that are very experienced. The problem is, if you have too few
centers of excellence, you are not accessible to the patient.”

The program at Barnes Hospital, however, is exceptional in
that the hospital assumes the responsibility for the patient
while he or she is on the waiting list. “In the long term, suc-
cessful outcomes for lung transplantation, particularly for
PH, require an experienced team,” said Dr Cooper.

e Understanding the natural history and pathophysiology

e Screening and current diagnostic criteria

e Therapeutic options

e Liver transplant considerations and outcomes
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PURPOSE: K08

e To support the development of outstanding clinician
research scientists in the area of pulmonary hyperten-
sion.

® To provide specialized study for clinically trained
professionals who are committed to a career in
research in pulmonary hypertension and have the
potential to develop into independent investigators.

e To support a 3 to 5-year period of supervised research
experience that integrates didactic studies with labo-
ratory or clinically-based research.

e To support research that has both intrinsic research
importance and scope as a vehicle for learning the
methodology, theories, and conceptualizations
necessary for a well-trained independent researcher.

PURPOSE: K23

e To support career development of investigators who
have made a commitment to focus their research
endeavors on patient-oriented research.

e To support a 3 to 5-year period of supervised study
and research for clinically trained professionals who
have the potential to develop into productive clinical
investigators focusing on patient-oriented research
in pulmonary hypertension.

¢ To support patient-oriented research, which is defined
as research conducted with human subjects (or on
material of human origin, such as tissues, specimens,
and cognitive phenomena) for which an investigator
directly interacts with human subjects.

¢ To support areas of research that include: 1) mecha-
nisms of human disease; 2) therapeutic interventions;
3) clinical trials; and 4) development of new tech-
nologies.
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e Awards in response to the program announcement will
use the National Institutes of Health (NIH) KO8
or the K23 mechanism.
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