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INTRODUCTION 

Congestive heart failure as a result of end-stage heart disease represents one of the more 
fatal diseases in contemporary medicine. Annually, nearly 200,000 deaths occur due to 
congestive heart failure. From the onset of disease, the expected survival is 33% at four years 
for men and 50% at four years for women. Currently, 4-5 million Americans are affected with 
congestive heart failure and unlike other cardiac diseases, the incidence is increasing rather than 
decreasing. 

Dramatic advances in medical therapy, particularly with the use of vasodilators ( esp., 
angiotensin-converting enzyme inhibitors), have resulted in vast improvements in the prognosis 
of patients with congestive heart failure. However, the average reduction in mortality is 
approximately 20%, and those patients with moderately severe to severe heart failure in the 
treated arm of most major studies still experience a 20-30% annual mortality rate. When 
compared to cardiac transplantation [see Table 1], the survival difference between medical and 
surgical therapy over 2 years becomes obvious. 

TABLE 1 

I 
PATIENT POPULATION 

I 
24-MONTH SURVIVAL 

I 
Placebo-arm CONSENSUS (class IV CHF) 20% 

Treatment-arm CONSENSUS 50% 

SOLVD (class III CHF) 70 % 

V-HeFT I (class II CHF) 75% 

Transplanted patients-UTSW/SPMC 1 90% 

Therefore, in an ideal scenario, the definitive treatment strategy for all patients with 
advanced congestive heart failure would be cardiac transplantation. In fact, even for patients 
without heart failure but with other significant cardiac illnesses requiring difficult cardiac 
surgery, one might consider the option of transplantation based on relative operative mortalities. 
Mortality for high-risk coronary artery bypass surgery approaches 10-20% (repeat operations, 
older patients, concomitant medical conditions), and the mortality for double-valve operations, 
complex thoracic aneurysm repair, and complex congenital heart disease repair easily approaches 
10%. 

However, cardiac transplantation is not offered to all of the aforementioned patients nor 
is it a realistic treatment strategy for all patients with congestive heart failure. For some patients 
it is a panacea, whereas for others it is problematic. Even for those patients who receive a 
successful heart transplant, the post-operative course and long-term experience may not be 
completely devoid of problems. 

It is, therefore, the intent of this discussion to review the appropriate application of 
transplantation, its limitations, and the realistic expectations of cardiac transplantation as therapy 
for end-stage heart disease. 

1 UTSW/SPMC refers to the Heart, Lung, and Heart-Lung Transplant Program which is a joint, cooperative effort of the University of Texas 
Southwestern Medical Center and St. Paul Medical Center. Initiated in 1988, 127 heart transplants have been completed and nearly 400 potential 
candidates have been evaluated. Its survival data are in the top 10% of all U.S. transplant programs. 
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END-STAGE HEART DISEASE- NATURAL HISTORY 

The best data regarding the natural history of congestive heart failure continues to come 
from the Framingham Study which has now had greater than four decades of observation. These 
observations are based on a population of 5,209 residents of Framingham, MA, enrolled in this 
epidemiological survey in 1948 and an additional 5, 135 residents who were offspring of the 
original group and were enrolled in 1971. 

Seven per cent of the total population studied eventually developed congestive heart 
failure. In men, the annual incidence was 311000, age 50-59, increasing to 27/1000, age 80-89. 
In women, the annual incidence was 2/1000 and 22/1000 for the same respective age ranges. 
Over a 40-year period, the prevalence of heart failure increased by 46% per calendar decade, 
whereas the prevalence of coronary artery disease decreased 8% per calendar decade. 

Of greatest interest is the survival data. From the time of diagnosis, the median survival 
for men was 1.66 years and 3.17 years in women. One-year survival was 57% in men and 64% 
in women, and at five years the survival was 25% in men and 38% in women. Over the forty 
year period from 1948 thru 1988, there was no temporal change in survival for patients with 
congestive hearl failure. 

These data published in October, 1993, have been criticized because they do not reflect 
"contemporary practice" for congestive heart failure, i.e. , they pre-date the widespread use of 
vasodilator -therapy, esp. , angiotensin converting enzyme inhibitors. However, in a study of 
6,273 patients in the registry of the SOLVD (Studies of Left Ventricular Dysfunction) which 
covers a more recent time frame, only 30% of patients were actually taking ACE-inhibitors for 
heart failure. Surprisingly, over 30% of patients were taking Ca+ + channel blockers, 27% 
were on antiarrhythmic therapy, and 16% were on beta-blockers. (Neither of these drugs has 
an indication for congestive heart failure.) These same patients experienced a 19% one year 
mortality. 

Therefore, based on these data, standard therapy for congestive heart failure still results 
in an annual mortality of 20-40%. Fortunately, this dismal outcome has been somewhat 
favorably impacted in several regards using current medical therapy. 

The appropriate use of ACE-inhibitors, esp. , when used at target doses, is associated with 
a substantial reduction in mortality ranging from a 31% reduction in the CONSENSUS I trial 
(class IV patients) to a 16% reduction in the SOLVD treatment trial (class II & III patients). 
These data would suggest a "best" survival at one year of approximately 85-90% with standard 
therapy. In fact, the V-HeFT II trial (using ACE-inhibitor therapy) reported a one year 
mortality of 9% in the treatment arm, and the SOL VD treatment trial reported a 13% one year 
mortality. Our own experience in the UT Southwestern Congestive Heart Failure Referral 
Program 2 (database of > 250 patients) has yielded a 10% annual mortality using best available 
treatment strategies. 

Unfortunately, not every patient is representative of study participants, and not every 
patient is treated in a referral center. Consequently, the clinical experience with heart failure 
remains one of high mortality. As new medical treatment strategies have been developed to treat 
heart failure, parallel efforts have improved and refined replacement of the failing heart as 
definitive therapy for end-stage heart disease. 

2 The University of Texas Southwestern Congestive Heart Failure Referral Program has been established since 1191. 
It encompasses clinical and clinical research activities at Parkland Memorial Hospital, Zale-Lipshy University Hospital, 
J.W. Aston Ambulatory Care Center at UTSW Medical Center, and St. Paul Medical Center. To-date, the program has 
evaluated over 250 patients and participated in 10 multicenter investigations. Patients are able to receive aggressive 
medical management of advanced CHF, invasive assessment, protocol participation, and transplant referral. 



·, .·· 

:• 

:: ., 
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The first reported experience with heart transplantation was in 1905 when Carrell and 
Guthrie anastomosed a smaller dog heart onto the carotid artery and jugular vein of a larger dog 
for 90 minutes. Mann, in 1933 at the Mayo Clinic, performed a successful canine heterotopic 
cervical transplant but noted " ... some biological factor which is probably identical to that which 
prevents survival of other homotransplanted tissues and organs .... " In 1948, Sinitsyn described 
the first thoracic heterotopic (abnormal anatomic position) model. Lower and Shumway 
described the technique of orthotopic (normal anatomic position) transplantation using the biatrial 
cuff preservation technique in 1960 and 1961. This technique, with refinement, represents the 
present surgical approach. In brief, the recipient's old heart is removed, with the exception of 
a small cuff of posterior right and left atrial walls. The donor heart is then sutured in place 
through a series of anastomoses that sequentially include the left atrium, right atrium, aorta, and 
pulmonary artery. The vena cavae are anastomosed to provide adequate venous return. After 
developing their technique, Lower and Shumway stated that " ... if the immunologic mechanisms 
of the host were prevented from destroying the graft, in all likelihood, it would continue to 
function adequately for the normal life span of the animal .... " 

The first reported human transplant experience was a xenograft (tissue transplantation 
between different species) reported in 1964 by Hardy and Associates at the University of 
Mississippi where a chimpanzee heart was transplanted into a human. The first successful 
allogenic (same species) orthotopic cardiac transplantation in humans was performed by Barnard 
in 1967, with a patient survival of 18 days. This was followed by a flurry of transplant activity. 
(Between 1967-69, 101 transplants were completed in 24 countries by 64 surgical teams, with 
almost all outcomes resulting in death.) It soon became apparent that the surgical technique was 
not the limiting factor to long-term survival, but rather the immunological response to 
transplantation. The control of that response without risk for fatal infection represented the 
greatest challenge to transplantation. [See Table 2 for a summary of surgical development in 
cardiac transplantation.] 

TABLE 2 

I DATE I ADVANCE I 
1905 First heart transplantation in dogs (Carrell/Guthrie) 

1933 Coronary perfusion in heart transplant in dogs (Mann) 

1946 First thoracic heterotopic heart transplant in dogs (Demikhov) 

1948 Sinitsyn-Marcus working donor heart 

1959/60 Atrial cuff preservation (Berman, Goldbery and Lower, Shumway) 

1963 First human lung transplantation (Hardy, Webb) 

1964 First human heterologous heart transplantation (Hardy et al.) 

1967 First human orthotopic homologous heart transplant (Barnard) 

ref: Hosenpud JD. (Ed). Cardiac Transplantation 1991, Springer-Verlag, NY, pg 4 . 
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In 1943, Gibson and Medawar noted that the rejection of skin grafts was a cell-mediated 
process. In 1959, Schwartz and Dameshek demonstrated that 6-mercaptopurine reduced the 
immunological response to organ transplantation. Reemtsma, in 1962, demonstrated that 
amethopterin improved survival in canine heart transplantation. In 1963, Murray and others 
reported on prolonged survival in kidney transplant recipients with the combination of 
glucocorticoids and antimetabolites. This evolved into the combination of prednisone and 
azathioprine as the standard immunosuppressive regimen. 

The next era of transplantation evolved with the introduction of antilymphocyte antibodies 
in 1972, and the discovery of cyclosporine A and its introduction into the management of heart 
transplant recipients in 1981. Using techniques derived from molecular biology, monoclonal 
antibodies directed against T cell CD3 surface molecules were introduced in 1985. These 
antibodies prevent the T cell from recognizing presented antigen and thus impair the immune 
response to foreign antigens, i.e., tissue transplants. 

Of equal importance in the eventual success of cardiac transplantation was the 
introduction of surveillance techniques for the detection of rejection. Endomyocardial biopsy 
was originally felt to be too dangerous to subject patients to "routine" biopsies. However, 
Caves, in 1972, demonstrated that a cardiac bioptome could be developed and implemented that 
would facilitate the safe and repetitive use of endomyocardial biopsy to obtain tissue to survey 
evidence of cardiac rejection. [See Table 3 for a summary of medical developments in cardiac 
transplantation.] 

TABLE 3 

DATE ADVANCE 

1955 ACTH and cortisone used in renal transplantation 

1960 6-mercaptopurine used in canine heart transplantation 

1963 Azathioprine enhances renal transplant survival in humans 

1965 Antilymphocyte treatment for renal transplant acute rejection 

1971 Antilymphocyte treatment for heart transplant acute rejection 

1978 Discovery of cyclosporine and introduction in renal transplant 

1981 Monoclonal antibody introduction in renal transplant rejection 

1981 Introduction of cyclosporine in heart transplantation 

1985 Monoclonal antibody OKT3 used in heart transplantation 

ref: Hosenpud JD. (Ed) . Cardiac Transplantation 1991 , Springer-Verlag, NY, pg 5. 
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The impact of refined surgical techniques, tissue sampling to rule out rejection, and much 
more effective immunosuppression, has resulted in not only a resurgence of cardiac 
transplantation, but because of its extraordinary success, a recognition that cardiac 
transplantation is now standard therapy for the appropriate candidate with end-stage heart 
disease. 

DEVEWPMENT OF CARDIAC TRANSPLANTATION 
CURRENT STATUS 

Based on the above developments, heart transplantation has realized near exponential 
growth. In 1981, 62 heart transplants were performed. By 1991, 2,127 had been completed. 
[See Figure 1.] Over the same time frame, the number of transplant programs increased from 
8 to 156, with an average of 13 transplants per year. [See Figure 2.] However, 11% of the 
programs did 37% of all transplants, and 43% of the programs did fewer than 10 per year. This 
disparity in activity is of considerable concern because one-year mortality at centers with 
infrequent activity is 15-20% higher than high volume institutions. 

Figure 1. 

2,400 

2,100 

Figure 2. 

160 
156 

1<10 

ci 1,800 120 
c: --; 1,500 

!1oo e 
:J 1,200 Ill 

80 !! a: e 900 c: 60 G) 
(.) a. 600 

300 

0~~~~~~~~--~~~--~~ 
~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ 

Year 

Total number of heart transplantations in the 
United States by year, 1981 to 1991. 

ref: JACC July 1993;22:1-64 (Fi&urea 1 .t. 2) 
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Number of heart transplant programs in the 
United States, 1981 to 1991. 

Overall survival at one year in U.S. transplant centers is 80-85%. Ten year survival data 
from the International Society for Heart Transplantation is 60%, but these data encompass both 
pre- and post-cyclosporine era patients. Survival is highest for white men, 0 blood type, and 
recipients less than 65 years of age. Patients with decreased survival include ethnic minorities, 
women, esp., younger women, and patients of advanced age. The difference in mortality for 
the older patient is sufficient, such that age is at least a relative contraindication for 
transplantation. 
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The number of potential candidates for heart transplantation is between 20,000 and 
40,000 depending on age limits, yet the peak number of transplants has been approximately 2200 
per year. It is estimated that only 25% of theoretically available organs are actually utilized. 
This results in a gross disparity between need and supply and necessarily limits the application 
of cardiac transplantation. As of December 31, 1992, there were 2,693 patients who remained 
on the heart transplant waiting list even though 2200 transplants were performed that calendar 
year. 

Number of Days Waiting for Heart Transplant 

1988 108 

1989 131 

1990 159 

1991 198 

In the 12 months ending 12/92, more patients were on the waiting list on any given day 
than the entire number of transplants done the previous year. As a result, 20% of patients on 
a waiting list can be expected to die prior to receiving a heart transplant. 

The cost of transplantation is yet another issue. The National Cooperative 
Transplantation Study involved a cost analysis of 90% of U.S. transplant programs. The 
average cost of the procedure was $91,570, and the average hospital stay was 23 days. The 
usual cost in the UTSW/SPMC program is approximately $100,000, ranging from $55,000 to 
$800,000. After discharge, the cost of care for the first year approximates $100,000. 
Immunosuppressive medications plus anti-hypertensives and other meds are about $800-$1200 
per month. The complete cost for an endomyocardial biopsy (lab use, professional fees, 
pathology) is approximately $2,000 to $3,000. Some patients may have 15-20 biopsies done in 
the first year. The cost of heart transplantation is covered by third-party payers as well as 
Medicare and Texas Medicaid (at approved medical centers). Unfortunately, as many as 20% 
of patients who could benefit from transplantation do not have the financial resources to proceed, 
and will die due to heart failure. 

It is of considerable concern that an environment that focuses on cost containment and 
preventive care will find the cost of transplantation as either unsuitable or as not being of 
sufficient priority to warrant allocation of resources. It is, therefore, important to note that a 
careful consideration of actual costs, not charges, in conjunction with patient outcome is 
necessary prior to implementing limits on proven treatment modalities in deference to strategies 
presumed to be effective but not proven (i.e., preventive care or health maintenance). 
Admittedly, the charges for cardiac transplantation are considerable, but when evaluating costs, 
not only are direct fees, procedures, medications, etc. important but also employability, freedom 
from repeat hospitalizations, and "quality of life" become important. These issues were 
addressed in The National Heart Transplantation Study (NHTS) conducted by the Department 
of Health and Human Services (DHHS) prior to approving Medicare payment for heart 
transplantation. Over 75% of all transplant procedures ever done were reviewed. Nearly 60% 
of recipients stated that they were able to work. [See Table 4.] Quality of life comparisons 
done with kidney transplant recipients and with the general population yielded virtually identical 
ratings. [See Table 5.] 



TABLE 4 

Percentage of patients working and able to work 

Employment status 

Work full-time 

Work part-time 

Total 

ref: Circ 1987;75:1, pg. 69. 

Quality-of-life comparisons 

Patient group 

Heart transplant recipients 

Mean 

SD 

Kidney transplant recipients 

Mean 

SD 

General population 

Mean 

SD 

Able to work Actually working 

33.6 25.0 

24.3 6.6 

57.9 31.6 

TABLE 5 

Subjective quality-of-life indicators 

Well-beingA 

11.11 

2.53 

11.83 

2.72 

11.77 

2.21 

Psychological Life 

affect8 

5.49 

1.32 

5.62 

1.25 

5.68 

1.12 

satisfactionc 

5.11 

1.28 

5.66 

1.62 

5.45 

1.25 

ARange of values= 2.1 to 14.7, where high score= positive well-being. 
8Range of values = 1.0 to 7.0, where 7.0 = positive affect. 
cRange of values = 1.0 to 7.0, where 7.0 = positive satisfaction. 

ref: eire 1987;75:1, pg 70. 

9 
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It is also important to note that the cost of cardiac transplantation has a finite limit based 
on the very limited donor supply. Irrespective of the number of patients waiting for 
transplantation, no more than 2300 transplants per year can be done. Thus the overall cost is 
limited. If one assumes a total first year cost of $200,000 per transplant, the annual cost is 460 
million dollars. The annual cost for the first year of congestive heart failure, (assuming one 
hospitalization is approximately $8,000 and one year of follow-up care is approximately $1 ,000) 
given an incidence of 500,000 patients per year, is 4.5 billion dollars-almost a ten-fold 
difference. For the subset of patients with chronic heart failure who require frequent 
readmissions for ICU care, multiple sub-specialist visits, repeat invasive procedures, or 
continuous inotropic support (e.g., home dobutamine costs $400 per day or > $140,000 per 
year), the costs of therapy for end-stage heart disease with an expected annual mortality of > 
50% approximates that of transplantation which has an expected annual mortality of only 15% 
or less. If only a of the 200,000 annual deaths from congestive heart failure are subjected to 
aggressive care for the 12 months prior to death, the cost of care would be equivalent to the cost 
of cardiac transplantation. 

It would, therefore, appear that the arbitrary restriction of transplantation based on 
charges is unwarranted and might actually have a negative impact on the health care economy 
since these patients would undoubtedly receive unrestricted, "best available", care for end-stage 
heart disease. 

IMMUNOWGICAL BASIS OF CARDIAC TRANSPLANTATION 

After the first successful heart transplant in 1967, over 100 transplants were performed 
within the next two years with an almost absolute mortality. Invariably, the cause for this 
dismal outcome was cardiac allograft rejection. It has been the development of successful 
immunosuppression strategies that has permitted long-term survival after transplantation and the 
emergence of cardiac transplantation as definitive and accepted therapy for end-stage heart 
disease. 

In simplest terms, the removal of a recipient's old heart and replacement with a new heart 
is akin to placing a giant antigen in the center of the chest. Clearly, this elicits a substantial 
immune response. 

The immune response, including antigen recognition, auto-recognition, antibody 
production and destruction of foreign tissue, is mediated by a group of genes on the short arm 
of chromosome 6. This area is known as the major histocompatibility complex (MHC). The 
glycoprotein gene products of the MHC are the human leukocyte antigens, otherwise known as 
HLA. The genes of the MHC are divided into three classes. [See Figure 3.] 

Figure 3. 
MHC CLASS II 

DP,DQ,DR 

MHC CLASS Ill MHC CLASS I 

C2,8f,C4A,C48 8 C A 

CHRO~OSO~E 6: I I I I I 
. GENE PRODUCTS: HLA-DP,OQ,DR COMPLE~ENT HLA-C 

HLA-8 HLA-A 

The schematic representation of the genes coding for the MHC found on the short arm of chromosome 6 in humans. 
Class I genes code for HLA-A, HLA-B, and HLA-C antigens. Class ll genes code for HLA-DP, HLA-DQ, and HLA
DR. Class ill genes code for several of the complement proteins. 
ref: HOICIIpUd JD. (Ed). Cardiac Trmsplantation, 1991, SpriD&er-VerJae, NY, PI 16. 
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Class I: code for HLA A, B, and C antigens. There are 25 HLA A antigens, 40 HLA B 
antigens and 15 HLA C antigens resulting in considerable polymorphism. This polymorphism 
allows for a highly individualized HLA pattern thus allowing transplanted tissue to be easily 
recognized as foreign. These class I molecules are on all nucleated cells in the body (except 
mature red blood cells) and are the primary target of the recipient immune response. 

Class II: code for HLA DP, DQ, and DR antigens. These antigens are also varied with 20 
different DR antigens, 8 DQ, and 6 DP antigens. These class II antigens are found on antigen
presenting cells, especially macrophages and endothelial cells. Activated cells of all types will 
express class II antigens. 

Class III: code for components of the complement system, especially C2 and C4. 

It is the mismatching of these HLA antigens that is responsible for rejection, both 
antibody mediated (also known as humoral or vascular) and cell-mediated. Rejection has been 
clinically divided into three types: hyperacute rejection, acute cell-mediated rejection, and 
chronic vascular rejection. 

The kidney transplant experience has demonstrated that matching of the HLA antigens 
within families or with cadaveric organs results in long-term graft survival. This is facilitated 
by prospective cross-matching in all recipients. The limitations of cardiac preservation (less than 
4-6 hours) precludes a prospective cross-match for HLA antigens. However, the presence of 
anti-HLA preformed antibodies in the recipient sera is associated with hyperacute rejection 
immediately after transplantation. This form of rejection is directed against the coronary arteries 
and will cause immediately demonstrable thrombi and necrosis with subsequent severe graft 
failure. Hyperacute rejection is fatal and occurs with anti-HLA antibodies or ABO mismatch. 

In view of the importance of the HLA antigen compatibility, an immunological profile 
of the recipient is established prior to transplantation and that of the donor is determined after 
transplantation. The recipient undergoes tissue typing to determine the HLA type and to detect 
anti-HLA antibodies. The donor and recipient undergo a retrospective cross-match after 
transplantation to determine if specific antibodies are present. 

Unless an individual is homozygous for one or more HLA antigens, six antigens are 
usually identified at the time of tissue typing: two HLA A antigens, two HLA B antigens, and 
two HLA DR antigens. It is unusual for an individual to have anti-HLA antibodies, however 
women with multiple pregnancies and recipients of blood transfusions may exhibit pre-formed 
HLA antibodies. To screen for this, a panel of lymphocytes reflective of all known HLA 
antigen types is used to test the potential recipient's serum for reactivity. This is known as 
"panel reactive antibodies". The test is expressed as per cent positive. This value roughly 
corresponds with the per cent likelihood of a positive cross-match with any given donor. A PRA 
> 10% is associated with an increased incidence of hyperacute rejection and a value > 20% 
requires an attempt at prospective cross-matching. Occasionally an elevated PRA may be due 
to autoantibodies. These are usually induced by various drugs (e.g., hydralazine, captopril), but 
are not predictive of a poor outcome. These IgM antibodies can be removed leaving the IgG 
antibodies; usually alloantibodies, that are predictive of a poor outcome. Because of this 
screening process, hyperacute rejection immediately after transplantation is unusual to rare. 

Cell-mediated rejection is the most common form of rejection encountered in the clinical 
setting. Cell-mediated immunity involves the presentation and processing of foreign antigens. 
The MHC class II antigens (e.g., HLA DR) are on antigen presenting cells, primarily 
macrophages and endothelial cells. The foreign antigen is a class I antigen on the donor graft. 
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This foreign antigen is recognized and ingested by an antigen presenting cell, usually a 
macrophage. The activated class I antigen from the donor forms a complex with the recipient 
MHC class II molecule on an antigen presenting cell. This complex is then recognized by aT 
lymphocyte that remarkably bears a receptor directed against that specific antigen. The potential 
nonself antigens are in the millions range resulting in incredible T cell diversity. A CD-4 
receptor on the helper T cell recognizes the foreign antigen-MHC class II complex and 
conversion to an activated T cell is facilitated by a CD 3 molecule. Interleukin 1 (IL 1) is 
released with antigen recognition and results in expression of interleukin 2 receptors on activated 
T cells. 

The release of cytokines is an important aspect ofT cell activation as they are responsible 
for T cell cytotoxicity. Interleukin 2 is a T cell growth factor that is the major cytokine released 
from activated T cells. It is responsible for clonal expansion of cytotoxic T cells that react 
against major and minor histocompatibility antigens. [See Figure 4.] Activated T cells also 
stimulate B cell production and antibody formation and with the release of gamma interferon, 
stimulate killer T cells. A similar process occurs when cytotoxic T cells with the CD 8 receptor 
recognize MHC class I antigen. [See Figure 5.] 

Figure 4. 

· Rejection cascade. Allograft rejection occurs when foreign antigen (MHC class I or TI) is processed by antigen-presenting 
cells (macrophages) and presented to mature helper or cytotoxic T lymphocytes. Processed MHC class II antigen 
presented to helper T lymphocytes induces the formation of cytotoxic T lymphocytes by the synthesis and secretion of 
interleukin 2. Once mature T lymphocytes have recognized foreign antigen, lymphocyte proliferation occurs, leading to 

cell killing, phagocytosis, and antibody formation. ref: Cardiol Clinics 1990;8:1, Saunders, pg. 84. 



Figure 5. 

Antigen
Presenting 
Cell 

13 

Basis of acute cell-mediated allograft rejection-the most important immunologic reaction seen in heart transplant 
recipients-is T cell activation. CD4+ lymphocytes (top panel) recognize foreign antigen when the antigen has been 
processed by host cells such as macrophages and is displayed in tandem with the presenting cell's own antigen-specifically 
an MHC class ll molecule. The T cell is then activated by a transmembrane process involving CD3. Cytotoxic CDS+ 
cells recognize allograft cells by a similar process (bottom panel), involving the binding of a foreign MHC class I 
molecule. ref: Hospital Practice, 3/30/93, pg . 62. 
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Ultimately, the presence of activated T cells, cytotoxic T cells and natural killer T cells 
leads to an immune response against the graft. The cellular infiltration seen on endomyocardial 
biopsy during acute rejection episodes is the end result of this response. If left unchecked, the 
eventual outcome is cellular death, necrosis and graft failure. It is the aim of 
immunosuppression to prevent this process and limit the development of acute cell-mediated 
rejection. This has been done through the application of drug regimens that interfere with 
specific components of the immune response. 

Immunosuppressive Therapy 

Corticosteroids have been utilized since the beginning of transplantation. They may be 
effective immunosuppressives because of prevention of cytokine production (esp., IL 1) and by 
blocking antigen recognition. (N.B., IL 1 is also recognized as endogenous pyrogen and its 
inhibition by steroids explains why steroids retard the fever response.) One specific action of 
steroids is prevention of the activation of the IL-2 gene. They may also retard macrophage 
migration and the release of inflammatory mediators from macrophages, e.g., leukotrienes, 
thromboxanes, etc. When used alone they have been ineffective, but in combination with other 
agents they appear to be of considerable value. Acute episodes of rejection are, in fact, treated 
with high dose bolus steroid therapy usually without modification of the other 
immunosuppressives. The adverse consequences of chronic corticosteroid use have been well
described and need not be reviewed. 

Azathioprine is an antimetabolite precursor that is converted by the liver into 6-
mercaptopurine. Six-mercaptopurine interferes with purine ring biosynthesis and thereby limits 
T cell proliferation. Its maximal benefit is achieved when it is administered prior to 
immunological challenge, and it is, therefore, always present in early prophylaxis regimens. Its 
immunosuppressive effect corresponds with its effects on bone marrow suppression, specifically 
a drop in white blood cell counts. It may also cause anemia. Inhibition of xanthine oxidase (via 
allopurinol use) allows for higher levels of 6-mercaptopurine and exaggerated leukopenia. 
Prolonged administration has been associated with an increased incidence of histiocytic 
lymphoma and squamous cell carcinoma. 

Cyclosporine is a cyclic endecapeptide produced as a metabolite from the fungus, 
Tolypcladium inflatum gams. This fungal antibiotic which bears regulatory action on helper T 
cells, is arguably the single most important drug responsible for the significant advances in 
survival and reductions in rejection in cardiac transplantation. Its introduction into clinical 
practice was associated with an increase in one-year survival from 50% to > 80%. The drug 
acts to block the production of interleukin 2 from helper T cells. This may occur by preventing 
transcription of genes for IL-2 and the IL-2 receptor. Specifically, it causes reversible inhibition 
ofT-lymphocytes in the G0 or G1 phase of the cell cycle. The inhibition is that of m-RNA 
transcription of interleukin-2. Cyclosporine also inhibits other lymphokines including gamma 
interferon. By interfering with IL 2 production, the proliferation of T cells is reduced. The 
inhibition of other interleukins (IL-3, IL-4, IL-6 and IL-7) results in inhibition of B cell 
differentiation and proliferation. Thus cyclosporine has both anti-cellular and anti-humoral 
effects on the immune response. Its major toxicity is renal, especially at higher doses. Post
transplantation hypertension may be cyclosporine induced through central stimulation of 
sympathetic nerve traffic. [Please see work done by R.G. Victor.] Its use was originally 
associated with an increased incidence of lymphomas but current dose levels of 3-6 mg/kg/day 
have resulted in a much diminished incidence of malignancies. Cyclosporine does not appear 
to actually reduce the incidence of rejection, but rather it reduces the severity of rejection, and 
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it reduces the rate of progression from milder forms to fulminant life-threatening episodes. 
Antithymocyte and antilymphocyte globulins are antisera against human thymocytes 

and lymphocytes that result in a diminished number of circulating T cells . To obtain the 
antisera, animals are repeatedly exposed to human thymocytes or lymphocytes. The serum is 
then purified and administered as a way to nonspecifically opsonize T cells. These antisera are 
used by some centers as early prophylaxis against rejection . This allows them to withhold 
cyclosporine until renal function/renal perfusion has normalized after surgery . ATG/ ALG are 
also used for refractory episodes of rejection. 

OKT3 is a monoclonal antibody with potent immunosuppressive properties . It binds to 
the CD3 surface antigen on T lymphocytes which prevents signal transduction across the T cell 
membrane when the MHC class II complex is bound. This prevents T cell activation . The T 
cells are rendered ineffective, release tumor necrosis factor, and are rapidly cleared by the 
reticuloendothelial system. This may account for its well described systemic effects of fever, 
malaise, arthralgias, and vasodilation. 

It has been used for early prophylaxis against rejection and offers several theoretical 
advantages. It allows for delayed use of cyclosporine; it causes immediate immunosuppression 
and reduces the risk for rejection; and, its use may be associated with immune tolerance. This 
latter advantage is as of yet unsubstantiated and cost is a major issue ($5,000 - $10,000). The 
use of OKT3 (and also ATG/ ALG) is limited as well due to the formation of anti-antibodies. 
Titers of anti-OKT3 antibody can be measured, and if low, the antibody can be read ministered 
(i.e. , for episodes of rejection), but in general, use of these antibodies is one time only. 

Toxicity of OKT3 is also considerable. The administration of OKT3 to patients with 
volume overload has been associated with the development of acute pulmonary edema because 
of a cytokine-mediated capillary leak. It has also been reported to cause an aseptic meningitis 
syndrome. The incidence of cytomegalovirus and herpes simplex virus is increased with use of 
OKT3. Finally, there is some concern that use of OKT3 is associated with an increased 
incidence of late malignancy. 

A summary of mechanisms of action, indications for therapy, drug side effects, and usual 
doses is found in Table 6. A schematic of the immune response with sites of action of 
immunosuppressive agents is seen in Figure 6. 

. . OKT3 Antigen recognizing 
Antigen presenting _ ~04+ T cell 

macrophage •n ~ 
~ .,.csA' ~ 
~~(;)T.:· r ~hrte><(i) 

\ ' STEJOIOS ~L2 -CSAA~A~~~ 
)(- IL3,1L4 \ 
Leukotrienes I L6, I L7 f::::'\ 

Thromboxanes (i) ~ 
Anaphalyto;><ins CSA- - l 

Chemotax•ns··, ~ 

\ 

CD4+ T-DTH CDS+ T -cytotoxic . 
~ Bcell T1ssue 
~ ~ cytotoxicity 

~ ~ ........._ Plasma cell I 
~- Steroids "'- ~. A A A 

Figure 6. 

Tissue cytotoxicity ~ JJ A A A 
A schematic representation ot· the immune response and the effects of the commonly used 
immunosuppressive agents. aA = cyclosporine, AZA = azathioprine, IL-1-7 = interleukins 1-7, JNF 
= gamma interferon, MAF = macrophage activating factor. 

ref: H01a1pud JD. (Ed) . Cardiac Transplantatioo, 1991 , Springer-Verlag, NY, pg 140. 
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Of the three types of rejection, least is known about "chronic vascular rejection". 
Chronic vascular rejection refers to post-transplant coronary disease. This, in fact, may not be 
rejection, but rather another much more complex immune-mediated response against coronary 
endothelial cells in cardiac transplantation. Unlike typical coronary artery disease, transplant 
coronary artery disease is recognized as a diffuse narrowing of coronary arteries beginning in 
the distal vessels and propagating proximally. [See Table 7 for a comparison of typical vs. 
transplant coronary disease.] It is the major risk to truly long-term survival, and a leading cause 
of death after the first year status-post transplantation. The incidence is approximately 10% per 
year with nearly 40-50% of patients affected at 5 years status-post transplantation. Typical 
symptoms of coronary disease are absent since the transplanted heart is denervated and to-date 
there is no evidence of re-innervation. Because of its diffuse nature, revascularization techniques 
are ineffective, and thus, the only therapy is re-transplantation. Because retransplantation is 
associated with survival at one year of only 50%, considerable argument can be entertained to 
withhold repeat transplantation. 

TABLE 7 

Features of Spontaneous CAD Versus TxCAD 

Spontaneous CAD 

Asymmetric intimal lesion 

Elastica damaged 

Focal lesions 

Branches not involved 

Calcification common 

Grumous atheroma common 

TxCAD 

Concentric intimal lesion 

Elastica mostly intact 

Diffuse disease 

Branches involved 

Calcification rare 

Grumous atheroma rare 

CAD=coronary artery disease; TxCAD= 
transplant-associated coronary artery disease. 

ref: Prim Cardiol 1993;19:10, pg 35 . 
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Regarding risk factors, a number of associations have been reported: hyperlipidemia, 
prior rejection episodes ( > 2 in the first year), cytomegalovirus infection, and HLA DR 
mismatching. The most attractive hypothesis, however, is that of an immune response against 
endothelial cells. 

Much like typical coronary disease, an initial vascular injury must occur, i.e., an immune 
response against foreign endothelial cells. This would explain the diffuse nature of the disease 
given that it affects the entire length of the vessel rather than a discrete focus. These activated 
or damaged endothelial cells may then release cytokines responsible for intimal cell proliferation. 
Immunocytochemistry done on early lesions reveals a predominance of T lymphocytes. 
Additional immunocytochemical studies have shown that these cells express MHC class II 
molecules which can be recognized by CD4+ helper T cells leading to a cell-mediated immune 
response (release of cytokines). In addition to its other properties, IL-l (released from helper 
T cells) has been shown to promote the production of vascular smooth muscle cell mitogens and 
platelet-derived growth factor. [See Figure 7.] 

Figure 7. 

i A IMMUNE RESPONSE 

0----- i)i) 

ENDOTHELIAL CE~L ~ 

EC ACTIVATION AND GF PRODUCTION 

POGF 
b,a FGF 
TGF-a,B 
IL 1,1L6 

CELL DEATH 
--._. PLTS 

PDGF 

/ 
~~ 

~~ 
~~ 

SMC PROLIFERATION 

A hypothesized schema for the development of cardiac allograft vasculopathy (CA V) is outlined. A 
low-level immunologic response to allogeneic endothelial cells (EC) results in EC activation, the 
production of mesenchymal growth factors by the EC leading to SMC migration and proliferation. 
Alternatively, the alloimmunologic response results in more substantial EC injury, denudation, and 
platelet aggregation. PLTS, Platelets; PDGF, platelet-derived growth factor; GF, growth factor; FGF, 
fibroblast growth factor (basic [b) and acidic [a]); TGF, transforming growth factor (a and {3); /L 1, 
interleukin-1; IL 6, interleukin-6~ 
ref: IIILT 1992;11:1, PI 14. 

Anti-endothelial antibodies may also play a role in transplant coronary disease. Using 
Western blot testing, antiendothelial antibodies have been demonstrated in the sera of patients 
affected with transplant coronary disease. In Rose and Dunn's data, 20/21 patients with 
transplant CAD had antiendothelial antibodies compared to only 9/20 patients without transplant 
CAD. If a particular protein (seen at 60/62 kd on gel electrophoresis) was referenced, 15/21 
patients with disease were positive compared to only 1120 without disease. 
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These major advances in understanding the immune response to transplantation as noted 
above have been responsible for the dramatic improvement in outcomes and the subsequent 
perception of cardiac transplantation as the "panacea" for end-stage heart disease. 
Unfortunately, the remaining unanswered questions regarding this same immune response, 
especially the problem of transplant coronary disease, remains a major "problem" for transplant 
cardiologists and their patients. 

CANDIDATE SELECTION FOR CARDIAC TRANSPLANTATION 

The decision to offer a patient cardiac transplantation is one of the most paradoxical 
decision-making processes in cardiovascular medicine. Primarily because of an extremely 
limited donor supply, and as well, the admitted limitations that still exist regarding 
transplantation, one must determine that no other treatment strategy is possible for a given 
patient with end-stage heart disease prior to proceeding with cardiac transplantation. The patient 
must face a near certain short-term mortality due to heart disease, but at the same time, be 
physically and psychosocially healthy enough to withstand the perioperative and long-term 
management requirements of cardiac transplantation. Deciding that a patient is both "sick 
enough" and "well enough" to undergo transplantation is the paradox of this decision. 

Prognostic Variables in Congestive Heart Failure 

Other than observing a moribund patient, no single observation or variable is precise in 
predicting mortality, and at best, one can only determine the probability of survival based on a 
combination of factors. Several factors have, however, been consistently predictive of outcome, 
and when taken together, provide the basis for determining survival. 

Functional Capacity. Patients with NYHA Class III or Class IV congestive heart failure 
exhibit a guarded prognosis, and for the patient with class IV disease, the one-year survival is 
50% or less. This classification is economical and easy to determine, but is unfortunately too 
subjective. What is sedentary for one individual is active for another so that assessment of 
functional limitations based on historical data may be misleading. The assessment of functional 
capacity is improved however, when objective data is evaluated. In practice this involves stress 
testing, preferably with a concomitant assessment of gas exchange. The measure of maximal 
oxygen consumption has become a reliable and reproducible measure of functional capacity. 
Normal values are 25-35 mllkg/min for sedentary individuals, 35-45 ml/kg/min for moderately 
active/fit individuals and > 50 ml/kg/min for very fit athletes. Those patients with severe CHF 
who have measured maximal oxygen consumptions of < 10 ml/kg/min face a 75% one-year 
mortality and should be considered for transplantation. If the maximal oxygen consumption is 
> 15-20 ml/kg/min, the one-year survival is likely to be as good as transplantation , and 
continued medical therapy may be appropriate. [See Figure 8.] 
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Left Ventricular Ejection Fraction. Commonly measured after myocardial infarction and 
at the onset of symptoms of congestive heart failure, the measurement or estimate of left 
ventricular ejection fraction is predictive of long-term outcome. The measurement of ejection 
fraction is particularly helpful in the setting of ischemic heart disease since survival varies 
directly with L VEF. It is less helpful for patients with non-ischemic etiologies and for those 
patients, left ventricular size and estimates of wall stress (i.e., ratio of LV diameter/wall 
thickness) may be quite helpful. 

Etiology of Congestive Hean Failure. It has been consistently shown that patients with 
an ischemic etiology of heart failure experience a worse prognosis compared to patients with 
non-ischemic disease but the same degree of heart failure. Because of the concerns regarding 
survival in patients with CHF, decreased LV function and ischemic heart disease, many 
transplant programs take an aggressive posture towards revascularization (repeat coronary artery 
bypass grafting, high risk angioplasty) as a way to delay transplant and/or insure survivability 
during the wait for a donor. 

Certain etiologies of heart failure may also disqualify or make a candidate less attractive. 
Patients with congestive heart failure due to amyloidosis are not transplant candidates because 
of now well-described recurrence of amyloid in the transplanted heart. Sarcoid heart disease 
may also recur in the transplanted heart. The patient with active myocarditis has a poorer 
outcome after transplantation because of a high risk of significant rejection. 

Hemodynamic Response to Chronic CHF. Patients with congestive heart failure with 
persistently elevated fll.ling pressures and low cardiac indices experience a very limited short
term survival. Data from the UCLA Cardiomyopathy Center demonstrate that patients with high 
pulmonary capillary wedge pressure (> 18 mmHg) experience an 80% 9-12 month mortality. 
Conversely, the patient with normal hemodynamics or the patient with correctable 
hemodynamics, (PCWP < 18 mmHg, cardiac index > 2.2 L/min/m2, and central venous 
pressure < 12 mmHg with systemic BP > 80 mmHg obtained with parenteral therapy and 
maintained with aggressive use of high dose vasodilator and diuretic therapy [a.k.a. "tailored 
therapy"]), has a one-year survival not substantially different from patients status-post 
transplantation. [See Figure 9.] Our own data from the UTSW/SPMC program demonstrates 
that even in patients with adequate performance on cardiopulmonary stress testing (i.e., measures 
of maximal oxygen consumption > 15 mllkg/min), a persistently elevated pulmonary capillary 
wedge pressure was related to a poor prognosis. [See Table 8.] 
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TABLE 8 

UTSW/SPMC CARDIAC TRANSPLANT REFERRALS 
DETERMINED TO BE "TOO WELL" 

Group I (n=52) Group D (n=6) 

LVEF 26 ± 13 29 ± 8 

vo2 max 23 ± 6 21 + 3 

PCWP 18 ± 8 29 + 6* 

CAD 2 4 

* p < 0.01; L VEF = left ventricular ejection fraction; V02 
max = maximal oxygen consumption; PCWP = pulmonary 
capillary wedge pressure; CAD = number with coronary 
artery disease; Group I = patients alive at one year without 
transplant; Group II = patient deaths within one year 
without transplant 

21 
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Neurohormonal Activation. Measures of neurohormonal activity in patients with chronic 
CHF are predictive of survival. Plasma norepinephrine levels greater than 700 pg/ml are 
associated with a 60% or greater one-year mortality. It is not practical to measure plasma 
norepinephrine levels in the clinical setting, however, measure of the serum sodium is quite 
helpful. Serum sodium levels vary inversely with neurohormonal activation (sympathetic 
nervous system, renin-angiotensin-aldosterone, arginine vasopressin and atrial natriuretic peptide 
activities) and is, therefore, a useful screen for neurohormonal activity in chronic CHF. Serum 
Na + < 137 mEq/L is associated with a reduced survival and values < 130 mEq/L reflect 
severe disease. 

Ventricular Ectopic Activity. Ventricular ectopy is a common finding in patients with 
chronic congestive heart failure and left ventricular dysfunction. Seventy-five percent of patients 
have ambient ventricular ectopy and 50% may have high-grade variants, including ventricular 
tachycardia. Patients with > 720 VPBs/24 hrs have a worse prognosis. Symptomatic 
ventricular ectopy is particular! y worrisome as the risk for sudden death is quite high. Rarely, 
refractory ventricular arrhythmias alone may be an indication for transplantation . 

Sudden cardiac death (responsible for 50% of deaths in CHF) and ventricular ectopy are 
often linked. However, more recent data have clearly demonstrated that sudden cardiac death 
in CHF is due to ventricular ectopy in only 50% or fewer of all documented cases. The other 
explanations include sinus bradycardia, asystole, electromechanical dissociation, myocardial 
infarction and high-grade AV block. Therefore, even the patient on definitive therapy (e.g., 
implantable devices, amiodarone) for ventricular ectopy remains at risk for sudden cardiac death 
in the setting of chronic congestive heart failure. 
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NEGATIVE PROGNOSTIC INDICATORS IN CONGESTIVE HEART FAILURE 

I. POOR FUNCTIONAL CAPACITY 

A. NYHA Class IV 

B. Measured Maximal Oxygen Consumption < 15 cc/kg/min 

II. LEFT VENTRICULAR DYSFUNCTION 

A. LVEF < 0.20, esp. with Coronary Artery Disease 

B. Left Ventricular Diameter > 7.0 em 

C. LV Diameter/LV Wall Thickness > 5 

III. ISCHEMIC ETIOLOGY 

IV. HEMODYNAMIC COMPROMISE 

A. PCWP > 18 mmHg 

B. LVEDP > 27 mmHg 

C. C.I. < 2.5 Llmin/m2 

V. NEUROHORMONAL ACTIVATION 

A. Plasma Norepinephrine > 700 pg/ml 

B. Serum Na + < 130 

VI. VENTRICULAR ECTOPY 

A. Ventricular Tachycardia 

B. Symptomatic Ventricular Ectopy 
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INDICATIONS FOR CARDIAC TRANSPLANTATION 

Cardiac transplantation is indicated as therapy for end-stage heart disease when it can be 
determined that sufficient adverse markers of short-term survival are present so that the patient 
has a < 50% likelihood of 12 month survival. The majority of patients referred for 
transplantation have either ischemic heart disease or dilated cardiomyopathy as the etiology of 
congestive heart failure. Heart failure due to other forms of heart disease is also treated with 
cardiac transplantation, e.g., valvular heart disease, restrictive cardiomyopathy, IHSS, adult 
congenital heart disease, and adriamycin-induced cardiomyopathy (if the underlying malignancy 
is felt to be cured). 

Even though the above described variables are useful in predicting mortality in congestive 
heart failure, the assessment of outcome should be a dynamic measure rather than a one-time 
assessment. Of particular concern, is the measure of exercise capacity, hemodynamic response, 
and neurohormonal activation. These variables will reflect not only the prognosis, but also the 
state of compensation. Repeated measures after stabilization or trials of aggressive medical 
therapy may result in improved survival outlooks. As well, repeated measures may identify the 
patient with progressive disease so that more vigorous approaches can be instituted. In our own 
experience at the UTSW/SPMC transplant program, 58 patients referred for transplantation 
because of clinical evidence of class III or IV CHF have been identified as being "too well" for 
transplantation and have been treated with more aggressive medical/surgical therapy, e.g., repeat 
coronary artery bypass surgery, high-dose ACE-inhibitors, or combined vasodilating regimens. 
The one-year survival for that group has been 90%, virtually identical to our transplanted 
population. Previous reports (UCLA Cardiomyopathy Program) have suggested that similar 
populations have a < 60% one year survival, but those patients were not all treated in a 
consistent manner. 

Prior to proceeding with transplantation, it is also imperative that every effort be made 
to search for reversible causes of CHF or correctable reasons for clinical decompensation. Table 
9 reviews common explanations for decompensation. It is our experience that among these 
explanations, dietary noncompliance, alcohol consumption and use of sub-optimal ACE-inhibitor 
doses are the most important. 

TABLE 9 

Potentially Reversible Conditions Contributing to Heart Failure Decompensation 

Patient -specific considerations 
Recent onset of nonischemic cardiomyopathy 
Major areas of reversible myocardial ischemia 
Atrial fibrillation ·or other atrial arrhythmias 
Alcohol consumption 
Endocrine disorders 

Physician- and nurse-specific considerations 
Perception of "failure of medical therapy" 
Inadequate recognition of volume overload 
Ineffective use of vasodilators and diuretic agents 
Therapy with negative inotropic drugs 
Therapy with prostaglandin inhibitors 
Lack of patient education about compliance re: salt, fluid & diuretic adjustment 

ref: · JACC, July 1993;22: I, pg 24. 
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Finally, because of the severe donor shortage, it is imperative that donor hearts be 
allocated for the most sick. Transplantation should be reserved for survival indications and not 
for relief of symptoms. The 24th Bethesda Conference convened 11/92 focused on heart 
transplantation and yielded the following indications: 

I. ACCEPTED INDICATIONS FOR TRANSPLANTATION 

A. Maximal Oxygen Consumption < 10 ml/kg/min 
B. Severe Uncorrectab1e Ischemic Heart Disease 
C. Recurrent, Refractory Ventricular Tachycardia 

II. PROBABLE INDICATIONS FOR TRANSPLANTATION 

JJ III. 

A. Maximal Oxygen Consumption < 14 ml/kg/min 
B. Recurrent Ischemia 
C. Instability of Renal Function 

INADEQUATE INDICATIONS FOR TRANSPLANTATION 

A. Ejection Fraction < 0.20 
B. Prior History of NYHA Class III or IV CHF 
C. Prior History of Ventricular Arrhythmias 
D. Maximal Oxygen Consumption > 15 ml/kg/min 

(without other indications) 

CONTRAINDICATIONS TO CARDIAC TRANSPLANTATION 

The list of contraindications, relative and absolute, for cardiac transplantation is 
constantly changing because of increased experience with transplant medicine. Most exemplary 
is the age criteria. Formerly, patients were not considered beyond the age of 55 but patients 
have recently been transplanted up to the age of 70. Data from the International Society for 
Heart Transplantation has, however, demonstrated that the older patient does less well long-term, 
primarily due to medication side effects/toxicity and an increase in post-transplant malignancies. 

Several issues remain as certain limitations to transplantation. Any concomitant illness 
that independently threatens survival is an absolute contraindication to transplantation - this 
includes malignancies, severe lung disease (FEV1 < l.OL), end-stage renal disease, and possibly 
complicated diabetes. Illnesses or conditions that will limit rehabilitation potential or that 
already impair the quality of life are strong limitations to transplantation. These include dense 
neurological defects after strokes, severe peripheral or cerebral vascular disease, and advanced 
musculoskeletal disorders (e.g., muscular dystrophy, multiple prior back procedures with 
residual disability). 

The presence of irreversible pulmonary hypertension remains an important limitation of 
cardiac transplantation and is thus an important part of the pre-transplant evaluation process. 
Pulmonary vascular resistance > 4 Wood units (320 dynes-sec cm-5) is associated with acute 
right ventricular dysfunction after transplantation and can result in early, severe hemodynamic 
complications. Some data are suggestive that not only is short-term mortality impacted by 
pulmonary hypertension, but also long-term. Kirklin from the University of Alabama Medical 
Center has described reduced 1, 2, 3, and 5-year survival in patients with increased pulmonary 
vascular resistance at the time of transplantation . 
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In the patient identified with pulmonary hypertension, it is mandatory that reversibility 
of elevated pulmonary vascular resistance be documented. This is done by challenge with 
parenteral vasodilators and inotropes. Target reductions in pulmonary vascular resistance are 
· < 3 Wood units. In our experience at UTSW/SPMC we have been able to successfully 
transplant patients with baseline PVR > 10 units after demonstrating adequate reversibility with 
parenteral agents. 

Perhaps the most difficult issue to fully assess in the candidate for cardiac transplantation 
is that of the psychosocial status. This encompasses compliance issues, social support, lifestyle 
adjustments, destructive or antisocial behavior, and financial resources. Regrettably, many 
patients are disqualified because of their psychosocial status despite having life-threatening 
disease. The most dedicated professionals/institution is rendered impotent if patients do not 
ascribe to medical regimens and/or do not have reliable access to health care providers. The 
assessment of psychosocial status in the critically ill is particularly difficult due to a lack of time 
for any longitudinal observation of behavior. 

The limitations that these contraindications place on transplantation clearly restrict 
transplantation to a fraction of the 40,000 annual patients who might benefit from 
transplantation. This represents one of the greatest problems in transplant medicine. 

Table 10 summarizes contraindications to transplantation. Table 11 details the usual pre
transplant evaluation which is essentially a search for appropriate indications and potential 
contraindications. 

TABLE 10 

Contraindications of Transplantation 

Coexistent systemic illness with poor prognosis 

Irreversible pulmonary parenchymal disease 

Irreversible renal dysfunction/serum creatine > 2mg/dl or creatinine clearance < 50mllmin 

Irreversible hepatic dysfunction 

Severe peripheral and cerebrovascular obstructive disease 

Insulin-dependent diabetes with end-organ damage 

Active infection 

Coexisting neoplasm 

Pulmonary hypertension with irreversibly high pulmonary vascular resistance (pulmonary 
vascular resistance > 6 Wood units or 3.0 Wood units after treatment with vasodilators) 

Acute pulmonary embolism or infarction 

Active diverticulosis or diverticulitis 

Active peptic ulcer disease 

Myocardial infiltrative and inflammatory diseases 

Severe obesity 

Severe osteoporosis 

Psychosocial instability or substance abuse, or both 

ref: JACC, July 1993;22:1, pg 22. 



TABLE 11 
Recommended Evaluation Before Transplantation 
General data 

Comprehensive history and physical examination 
Blood chemistry determinations including renal and liver function panels 
Complete blood count, differential, platelet count, prothrombin time, partial 
thromboplastin time, fibrinogen 
Urinalysis 
Stool for guaiac examination x3 
24 hour collection of urine for creatinine clearance, total protein 
Nutritional status and diet history 
Mammography* 
Papanicolaou smear* 
Consultation* 

Psychiatry 
Physical therapy 
Social services 
Dental 

Pulmonary function testing* 
Lung ventilation-perfusion scanning* 

Basic cardiovascular data 
Electrocardiogram 
Chest X-ray film 
Exercise test with oxygen consumption (peak V02) 

Detailed hemodynamic evaluation with right heart cardiac catheterization 
Radionuclide ventriculogram* 
Echocardiogram 
Left heart catheterization* 
Myocardial biopsy* 

Basic immunologic data 
Blood type and antibody screen 
Human leukocyte antigen (HLA) typing 
Panel of reactive antibodies screen 

Basic infectious disease background data 
Serology for 

Hepatitis HBsAg, HBsAb, HBcAb, C 
Herpes group virus 
Human immunodeficiency virus 
Cytomegalovirus (CMV) IgM and IgG antibody 
Toxoplasmosis 
Varicella and rubella titers 
EB viral capsid IgG, IgM antibodies 
Lyme titers* 
Histoplasmosis and coccidioidomycosis complement fixing antibodies 

Venereal Disease Research Laboratory and fluorescent treponema! antibody tests 
Urine for viral cultures (cytomegalovirus, adenovirus) 
Throat swab for viral cultures (cytomegalovirus, adenovirus, herpes simplex virus) 
Urine culture and sensitivity 
Stool for ova and parasites x3* 
Skin testing for purified protein derivative with control, mumps, dermatophytin, 

histoplasmosis and coccidioidomycosis 
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*Only if appropriate. ref: JACC, July 1993;22:1, pg 22. 
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MEDICAL COMPLICATIONS ASSOCIATED WITH TRANSPLANTATION 

Despite the significant advances in survival after cardiac transplantation, transplant 
patients remain at risk for significant complications both in the immediate post-operative period 
and during the long-term follow-up. The major complications are related to immunosuppression, 
either due to inadequate therapy (rejection), excessive therapy (infection), or inappropriate 
responses (medication side effects). 

Apart from the risk of hyperacute rejection, the immediate post-operative period raises 
concerns primarily regarding graft function and other organ integrity. Right ventricular 
dysfunction is a frequent post-transplant issue for several reasons: pre-existing pulmonary 
hypertension, donor/recipient size mismatch, and myocardial preservation. This is usually 
managed in a manner similar to right ventricular infarction, i.e., judicious volume administration 
and pacing. Rarely, undetected pulmonary hypertension will cause acute RV/graft failure 
requiring mechanical support and/or retransplantation. 

Rhythm irregularities may be present in the newly transplanted heart. Virtually all 
patients require atrial or A V sequential pacing in the immediate post-operative period. The 
duration of pacing is variable, but approximately 5% of patients will not recover an acceptable 
intrinsic rhythm and will require implantation of a permanent pacemaker. Patients that have 
been on amiodarone therapy pre-transplantation may experience lengthy delays before restoration 
of an acceptable rhythm. 

Pre-transplant use of amiodarone has also been associated with an ARDS-like pulmonary 
capillary leak after cardiopulmonary bypass. The critical time frame is 48-96 hours post-op and 
the management can be quite challenging since these patients are already volume sensitive (recall 
RV dysfunction) yet need minimal volume in the setting of ARDS. In some centers amiodarone 
is not used pre-transplant for these reasons. Our own experience at UTSW /SPMC has been of 
a slightly prolonged time on assisted ventilation but no adverse long-term consequences. 

Apart from these issues, early graft failure is also a possibility because of a bad donor 
heart, i.e., pre-existing coronary disease, unsuspected cardiomyopathy, pre-existing pre
excitation syndromes, and valvular heart disease. The donor procurement is, therefore, critical 
to the success of transplantation. Once brain death is determined and consent for organ donation 
is obtained, the potential donor is assessed for body size, ABO blood type, HIV status and 
Hepatitis B status. The cardiological evaluation is then initiated. The ideal donor is < 35 years 
of age with no prior cardiac history, stable cardiovascular function without parenteral support 
(or with minimal support) and a screening echocardiogram that reveals normal cardiac function. 
Donors who have sustained significant chest wall injury, require high-dose parenteral support, 
and have had prolonged cardiopulmonary resuscitation are not suitable. A particularly difficult 
issue is that of the absence or presence of pre-existing coronary disease. It is usually not 
practical to obtain coronary angiography prior to accepting the donor so the decision is made 
based on noninvasive data. As attempts to expand the donor pool continue, older donors are 
more seriously evaluated and occasionally, coronary angiography is obtained. The following are 
absolute contraindications for organ donors: 

1. HIV positive 
2. death from carbon monoxide poisoning 
3. intractable ventricular arrhythmias 
4. inadequate oxygenation on mechanical ventilation 
5. prior myocardial infarction 
6. clinical evidence of structural heart disease 
7. severely abnormal screening echocardiogram 
8. severe occlusive coronary disease 
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Acute cell-mediate rejection remains one of the leading causes of death after 
transplantation. Current immunosuppression techniques have reduced the incidence to 1.3 
episodes per patient per year in the Transplant Cardiologists Research Database. In the 
UTSW/SPMC experience, we have reported an acute graft rejection incidence of 0.54/patient 
in a group of patients weaned completely off steroids by 6-9 months post-transplant and an 
incidence of 0.12 per patient in the first year in those treated with our standard triple 
immunosuppression regimen. The strongest risk factors for rejection are multiparous female 
recipient, HLA mismatches, female donor hearts and younger donor hearts. 

The best therapy of rejection is preventive. This is the rationale for rejection prophylaxis 
therapy. The current state of the art is known as "triple immunosuppressive therapy" and 
consists of cyclosporine, azathioprine, and prednisone. Two protocols are presently active in 
the UTSW /SPMC program with the difference being an attempt to remove steroids (and thus 
their potential side effects) from the treatment regimen entirely within 6-9 months after 
transplantation. In both protocols, patients receive cyclosporine BID at target trough levels of 
300 ng/m1 in the first 3 months, 250 ng/ml from 3 to 6 months, 200 ng/ml at 6 months up until 
one year, and then 150 ng/ml as chronic maintenance therapy. Azathioprine is given at 2-3 
mg/kg provided the WBC is > 3,000/mm3• In the steroid positive group, prednisone is given 
at 1 mg/kg/day and tapered to 0.2 mg/kg/day by 6 months, 0.15 mg/kg at 12 months and 0.15 
mg/kg after 24 months. The steroid negative or "fast taper" group is tapered off steroids 
completely by 6 months. It has been the result of these regimens that have led to a rejection rate 
of < 1 episode per patient. 

When rejection does occur, the majority of episodes are clinically silent and are 
diagnosed by findings from endomyocardial biopsy. Standard nomenclature is now available to 
describe rejection and is reproduced in Table 12. Because of cost, risks, and patient 
inconvenience, an exhaustive search for non-invasive markers of rejection has been done. Serial 
measures of electrocardiographic voltages continue to be made as well as assessment of heart 
size by chest X-ray. Decreased voltages and increased heart size are suggestive of rejection but 
may not occur until rejection is far advanced, especially in cyclosporine-treated patients. 
Echocardiographic measures of wall thickness, LV function and Doppler-derived assessments 
of LV filling continue to be followed as yet another means to identify rejection. Thickening of 
the septum and posterior LV wall (due to edema and cellular infiltration) and decreased LV 
compliance as determined by impaired left atrial emptying are consistent with rejection. Other 
modalities which have been investigated include signal-averaged. electrocardiography, nuclear 
magnetic resonance imaging and various assays of serological markers of inflammation. To
date, no technique or test has approached the sensitivity or predictive value of endomyocardial 
biopsy in the detection of rejection. 



TABLE 12 

Grade "New" Nomenclature "Old" Nomenclature 

0 No rejection No rejection 

1 = focal (perivascular or interstitial) infiltrate without necrosis Mild rejection 
lB = diffuse but sparse infiltrate without necrosis 

2 One focus only with aggressive infiltration and/or focal 
myocyte damage 

3 3A = multifocal aggressive infiltrates and/or myocyte damage 
3B = diffuse inflammatory process with necrosis 

4 Diffuse aggressive polymorphous ± infiltrate ± edema, ± 
hemorrhage, ± vasculitis, with necrosis 

ref: JACC July 1993;22:1, pg 43 . 

"Focal" moderate rejection 

"Low" moderate rejection 
"Borderline/severe" 

"Severe acute" rejection 
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Once diagnosed, rejection may be treated as casually as a follow-up biopsy or as 
intensively as plasmapheresis. Most episodes of rejection are successfully treated with bolus 
steroid therapy. This is usually accomplished with solumedrol, 500-1000 mg given daily for 
three days with early follow-up biopsy. Milder forms can be treated on an outpatient basis with 
an increase in prednisone to 0.5 mg/kg/day that is rapidly tapered to maintenance levels of 0.10 
to 0.15 mg/kg/day. Failure to respond to high-dose steroids may be treated by retreatment with 
steroids or by administration of antilymphocyte globulins. 

Infection as a result of immunosuppression is yet another potential complication of cardiac 
transplantation. This is much less of an issue since the introduction of cyclosporine. There has 
been a decrease in the incidence of infection, severity of infection and incidence of death due 
to infection since the widespread use of cyclosporine. The Transplant Cardiologists Research 
Database reviewed those episodes of infection requiring intravenous therapy in 700 patients 
transplanted between 1190 and 7/91. The incidence of infection was 0.5 episodes/patient with 
68% of all patients free of serious infection. Only 11% had multiple infections. 

· Early infections, i.e., within the first 30 days, are due to the surgery and include line 
sepsis, Staph sepsis, nosocomial infection and gram negative sepsis. The later infections, after 
30 days are usually due to opportunistic organisms: cytomegalovirus (CMV), Pneumocystis and 
fungi. Trimethoprim-sulfamethoxazole is effective prophylaxis against pneumocystis and the 
standard use of antifungal preparations (Nystatin@, Mycylex@) retards significant infection with 
fungus. 

CMV is the most common infection post-transplant and is most likely to occur when a 
CMV -positive donor is placed into a CMV -negative recipient. Infection may still occur even 
in CMV -positive donors to CMV -positive recipients because of the different serotypes of CMV. 
Olivari has reported a positive relationship of CMV infection with post-transplant coronary 
disease. No truly effective prophylaxis has been identified although some centers will administer 
ganciclovir as prophylaxis for CMV negative recipients who receive a CMV-positive donor. 
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Post transplant coronary disease as reviewed earlier is the most serious risk to survival 
after the first year status-post transplantation. The initial presentation of disease is either 
congestive heart failure, arrhythmia, myocardial infarction or sudden death. Because of its 
asymptomatic nature, surveillance techniques are required to establish the absence or presence 
of disease. Unfortunately, no non-invasive modality has been identified that reliably predicts 
the presence of transplant coronary disease. 

Angiography is the preferred means of diagnosis, however, changes in the distal coronary 
artery can be so subtle that qualitative measurements will overlook clinically important disease. 
The classic appearance is that of diffuse narrowing or tapering of the major vessels and their 
branches and an overall appearance of "pruning". Quantitative coronary angiography has been 
of only limited utility but the introduction of intravascular ultrasound holds considerable promise 
to aid in the detection of coronary disease. When identified, the only theoretical treatment 
strategy is that of retransplantation. The lesions are not amenable to angioplasty or bypass 
surgery. Continued study into mechanisms, risk factors, detection and treatment is critical to 
the long-term success of cardiac transplantation. 

Post-transplant malignancy occurs in 1-2% of patients per year and may be increased 
in the older recipient or the recipient with a prior history of malignancy. Chronic use of 
azathioprine is associated with an increase in cutaneous malignancies and shift to squamous cell 
types over basal cell types. A particular form of post-transplant lymphoproliferative tumors has 
been identified and is perhaps related to cyclosporine. The tumor is of B cell origin and may 
be related to Epstein-Barr virus. It usually occurs at 12 to 18 months post transplantation. If 
it is of a polyclonal form, a reduction in immunosuppression is the treatment of choice. A 
monoclonal cell type is a much more aggressive form and the prognosis is not good. 

FUTURE OF CARDIAC TRANSPLANTATION 

New immunosuppressive agents include: monoclonal antibodies against interleukin-2 
receptors; monoclonal antibodies against CD3 receptors on helper T cells (other than OKT3 and 
without the systemic effects of OKT3); anti-CD4 monoclonal antibodies; and monoclonal 
antibodies against antigen-presenting cells. Other new drugs and their mechanism of action are 
in Table 13. 

TABLE 13 

Agent Mechanism of Action 

Cyclosporine analogues Inhibit IL-2 production 
FK506 Inhibits IL-2 production 
Rapamycin 
M ycophenolate mofetil 

(RS-61443) 
Mizoribine (bredinin) 

Brequinar sodium 
15-Deoxyspergualin 

IL-2 = interleukin-2 

Inhibits action of IL-2 
Inhibits purine biosynthesis 

Inhibits purine biosynthesis 
Inhibits pyrimidine biosynthesis 
Unknown, may inhibit interferon 

Status of Development 

Phase II clinical trials 

Phase II clinical trials 
Animal studies 
Phase II clinical trials 

Phase II clinical trials 
Phase II clinical trials 
Phase I clinical trials 

ref: JACC July 1993;22: I, pg 55. 
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Total body lymphoid irradiation, plasma exchange and photopheresis are non
pharmacological approaches to immunosuppression that are currently under investigation. 

The improvements in cardiac transplantation that have occurred since 1960 are 
revolutionary and reflect everything that is good about the discovery process of academic 
medicine and the introduction of new surgical and medical technologies to effect much more 
dramatic patient outcomes. Future activities will need to be directed towards the remaining 
limitations to consistent success in heart transplantation. The most important areas will be: 
improved treatment of end-stage heart disease prior to transplantation; expanded donor pools 
through legislative initiatives re: brain death and organ donation; use of xenografts; discovery 
of mechanisms to establish immunotolerance; practical implementation of reliable ventricular 
assist devices suitable for long-term application; and new immunosuppressives that are less toxic 
and more selective inhibitors of the immune response. 
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