University of Pennsylvania

ScholarlyCommons
Miscellaneous Papers

Miscellaneous Papers

1-1-2001

Critical Care Nursing of Infants and Children
Martha A. Q. Curley
University of Pennsylvania, curley@nursing.upenn.edu

Patricia A. Moloney-Harmon
The Children's Hospital at Sinai

Copyright by the author. Reprinted from Critical Care Nursing of Infants and Children, Martha A.Q. Curley and Patricia A. Moloney-Harmon
(Editors), (Philadelphia: W.B. Saunders Co., 2001), 1,128 pages.
NOTE: At the time of publication, the author, Martha Curley was affiliated with the Children's Hospital of Boston. Currently, she is a faculty member
in the School of Nursing at the University of Pennsylvania.
This paper is posted at ScholarlyCommons. http://repository.upenn.edu/miscellaneous_papers/4
For more information, please contact repository@pobox.upenn.edu.

Please Note: The full version of this book and all of its chapters (below) can be found on ScholarlyCommons (from
the University of Pennsylvania) at http://repository.upenn.edu/miscellaneous_papers/4/

Information page in ScholarlyCommons
Full book
front.pdf - Front Matter, Contributors, Forward, Preface, Acknowledgements, and Contents
Chapter 1.pdf - The Essence of Pediatric Critical Care Nursing
Chapter 2.pdf - Caring Practices: Providing Developmentally Supportive Care
Chapter_3.pdf - Caring Practices: The Impact of the Critical Care Experience on the Family
Chapter_4.pdf - Leadership in Pediatric Critical Care
Chapter 5.pdf - Facilitation of Learning
Chapter_6.pdf - Advocacy and Moral Agency: A Road Map for Navigating Ethical Issues in Pediatric Critical Care
Chapter_7.pdf - Tissue Perfusion
Chapter 8.pdf - Oxygenation and Ventilation
Chapter_9.pdf - Acid Base Balance
Chapter 10.pdf - Intracranial Dynamics
Chapter 11.pdf - Fluid and Electrolyte Regulation
Chapter 12.pdf - Nutrition Support
Chapter 13.pdf - Clinical Pharmacology
Chapter_14.pdf - Thermal Regulation
Chapter_15.pdf - Host Defenses
Chapter 16.pdf - Skin Integrity
Chapter_17.pdf - Caring Practices: Providing Comfort
Chapter 18.pdf - Cardiovascular Critical Care Problems
Chapter 19.pdf - Pulmonary Critical Care Problems
Chapter 20.pdf - Neurologic Critical Care Problems
Chapter 21.pdf - Renal Critical Care Problems
Chapter 22.pdf - Gastrointestinal Critical Care Problems
Chapter_23.pdf - Endocrine Critical Care Problems
Chapter_24.pdf - Hematologic Critical Care Problems
Chapter_25.pdf - Oncologic Critical Care Problems
Chapter_26.pdf - Organ Transplantation
Chapter 27.pdf - Shock
Chapter_28.pdf - Trauma
Chapter_29.pdf - Thermal Injury
Chapter 30.pdf - Toxic Ingestions
Chapter_31.pdf - Resuscitation and Transport of Infants and Children
back.pdf - Appendices and Index

Organ Transplantation
Peggy Slota
Lynn Seward
Patricia O'Brien
Christine Angeletti

KIDNEY TRANSPLANTATION

HISTORY

Kidney Transplantation Procedures
Postoperative Care Following Kidney
Transplantation
Significant Postoperative Issue and
Complications

CURRENT CHALLENGES
EVALUATION PROCESS
PROMOnON OF GRAFT TOLERANCE

Pharmacologic Immunosuppressant
Therapy
Rejection of the Organ Allograft

PANCREAS AND ISLET CELL TRANSPLANTAnON
QUALITY OF LIFE AND FOLLOW-UP CARE ISSUES

THORACIC VISCERA
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olid organ transplantation has become accepted therapy
for end-stage failure of the heart, liver, kidney, lung, and
intestine. Generally, successful transplantation in adult patients preceded widespread application of these procedures
in the pediatric population. Transplantation has been performed in newborns, infants, and children and appears to
parallel the successful outcomes reported in adults (Table
26-1). However, many concerns of nurses caring for infants
and children are of little consequence in adult programs.
These include differences in technical detail related to the
small size of children; availability of appropriate-sized organs; the urgency of transplantation to maximize neurologic, psychologic, and physical growth; and awareness of
the psychologic changes patients undergo when making developmental transitions from infancy through adolescence.
This chapter discusses heart, lung, liver, intestine, renal,
and multivisceral transplantation in the pediatric population,
with a brief discussion of pancreas transplantation and the
future of islet cell transplantation research. The surgical
procedures for transplantation of different organs are
described, as well as the critical care nursing of the patient
in the immediate postoperati ve period. The quality of life
and long-term outcomes in pediatric solid organ transplantation are discussed, including growth and development,
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Transplants by Solid Organ and Age Group*
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psychosocial adjustment, and physiologic concerns of
chronic rejection, immunosuppression, infections, and other
postoperative complications.

HISTORY
The history of solid organ transplantation spans only about
50 years. The first successful solid organ transplant performed in humans was a kidney transplant between twin
brothers in 1954 by Merrill and Murray in Boston. In 1963,
the first patient to undergo liver transplantation was a
3-year-old with extrahepatic biliary atresia who died of
hemorrhage on the day of transplantation. Subsequent
attempts in Denver, Boston, and Paris were unsuccessful
until 1967, when Starzl achieved the first human liver
transplant with extended survival. This 18-month-old child
with hepatocellular carcinoma survived for 13 months
before dying of metastatic disease despite good graft
function. I After extensive experimental work by Shumway
and Lower at Stanford University, Barnard in South Africa
performed the first successful cardiac transplant in 1967.
Demekov performed the first recorded orthotopic experimental pulmonary transplant in 1947 without immunosuppression. However, the longest survival period achieved was
10 days. Generally, experience with single lung transplants
was unsuccessful before the introduction of cyclosporine.
As early as 1959, Lillehei of Minnesota developed the
surgical techniques for small bowel transplantation. Intestinal allografts were found not only to be subject to rejection
but also to be able to mount a graft-versus-host (GYH)
reaction. The first pancreas transplant in a human was
performed in 1966; however, relatively few have been
performed in children.
In the early I960s, several events occurred that changed
the course of human clinical transplantation. First, the
development of tissue typing established methods to enhance histocompatibility. Second, methods for regular
dialysis treatment were developed that could be integrated
with transplantation. Third, methods for organ preservation

and cooling were developed. Finally, new, potent immunosuppressant drugs were developed.
Pioneering work during this time vastly increased
knowledge of the immune system. From a greater understanding of the immune system came a description of the
process of rejection and then attempts to alter the immune
response to promote tolerance and prevent rejection. Hitchings and Elion of the Burroughs Wellcome Research
Laboratories, working to synthesize purine and pyrimidine
derivatives to act as antimetabolites, developed azathioprine
(lmuran), which quickly replaced 6-mercaptopurine and
continues in clinical use today 2 The combination of steroids
with azathioprine treatment was reported by Starzl l to have
a synergistic immunosuppressive effect.
Over the years, other immunosuppressive treatments
were introduced. In the mid-1970s, Jean Borel discovered
the fungal peptide cyclosporin A, which is a powerful
immunosuppressant that has been found to be particularly
effective when combined with azathioprine and steroids.
Following the availability of cyclosporine in the early
1980s, improved survival led to a rapid increase in the
number of transplants. The use of this drug ushered in the
present era of transplantation.
The monoclonal antibody OKT3 was introduced to treat
rejection episodes in 1983. The potent immunosuppressive
agent, tacrolimus (Prograf; fornlerly FK506), was approved
by the Food and Drug Administration in April 1994, after a
clinical trial at the University of Pittsburgh. 3 The ability to
wean and withdraw steroids in pediatric patients is a
significant benefit of tacrolimus therapy. Many other pharmaceuticals, such as sirolimus, rituximab, mycophenolate
mofetil, and daclizumab are currently being explored for
their efficacy in immune suppression.

CURRENT CHALLENGES
Although organ transplantation has been lifesaving for many
children, it has also raised many questions and concerns.
The shortage of donor organs is the primary limiting factor
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in treating patients who could benefit from the procedure.
The imbalance between donor supply and patient demand
necessitates a procedure for selecting patients for transplantation considered most likely to benefit from the operation.
Selection criteria vary between organs and between transplant programs and include both medical and psychosocial
considerations.
Currently, approximately 2100 children, ranging from
newborns to 18 years of age, are awaiting organ transplants 4 Over the past 10 years, the percentage of cadaveric
pediatric donors has decreased from 26% to 19%.4 Many of
these children will die because of the shortage of organs;
thus other solutions have been proposed. Living related
donor transplantation is becoming a successful option for
transplantation of kidneys, liver segments, and lung lobes.
Segmental organ-sharing between recipients has also been
explored with some success. 5 Xenograft transplantation,
however, has historically been unsuccessful. raising ethical
and infectious disease concerns and provoking protests from
the public and animal rights groups. 6 Anencephalic infants
have been proposed as potential organ donors for infants,
and this possibility has raised many ethical questions. The
balance of risks and benefits for donors and recipients,
ability to obtain informed consent for these innovative
procedures, consideration of human and animal rights, and
equitable access and distribution of needed organs are
challenging issues.
Transplantation is the embodiment of high technology
and therefore high-cost medical care. The average hospital
charge for solid organ transplants runs well into the
hundreds of thousands of dollars. The financial requirements
for transplantation can be prohibitive if adequate funding or
insurance coverage is not available. Each candidate must
meet the financial requirements to maintain financial stability of the institution's transplant program. Currently, private
health insurance, the Federal Government's medical program, and combined Federal/State Medicaid programs
cover the cost of most transplants 4

EVALUATION PROCESS
A multidisciplinary approach is used in evaluating infants
and children for transplantation. The evaluation process has
several goals: (I) to determine that transplantation is the
only treatment option; that is, other conventional therapies
and treatment options are not likely to be successful; (2) to
rule out major systemic diseases or permanent damage in
other organ systems that would increase risk or preclude
transplantation; (3) to assess the ability of the child and
family to cope with the stresses of transplantation and
comply with the complex medical regimen; (4) to educate
the child and family to enable an informed decision
concerning transplantation; and (5) to establish rapport
between the child and family and the transplant team.
Developing a trusting relationship between the transplant
team and family, educating the family and child (at the
appropriate developmental level) to enable an informed
choice, and incorporating the family as members of the
child's caregiving and decision-making team are important
nursing goals that are initiated during the evaluation period.
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A thorough evaluation of the clinical status of the patient
and of the failing organ is undertaken to establish severity of
disease and prognosis. The principal indications for organ
transplantation in children are discussed in the introduction
to each organ section. Generally, contraindicalions to organ
transplantation include active infection; malignancy; active
substance abuse; and severe, pernlanent damage in another
major organ system that would result in the patient's demise
or poor quality of life.
An adequate social support system is crucial in considering transplantation in children because they are dependent
on others to provide care and nurturing. A dedicated
caregiver who will take responsibility for the child's care
after the transplant must be identified; ideally, two or more
caregivers share responsibility. Generally, every effort is
made to support the family in coping with the stress of
transplantation and providing adequate care for the child.
Psychosocial assessment and ongoing support and intervention by social services and child psychiatry services are
important.
Maintaining an optimal level of physical and emotional
wellness in the transplant candidate facilitates the necessary
strength to tolerate the evaluation and waiting phase of
transplantation and contributes to a successful outcome.
Ongoing physical assessment, educating the patient and
family about signs and symptoms of illness or progressive
failure, and promotion of health-related activities are
nursing interventions.
An important part of a transplant evaluation, particularly
in renal transplantation, involves tissue typing in an attempt
to match a recipient with the most compatible donor. The
body identifies the transplanted organ as foreign and
initiates a number of physiologic mechanisms to destroy the
new organ. Histocompatibility testing is performed to match
donor and recipient as closely as possible to reduce the
immune system response to foreign antigens and reduce the
incidence of rejection.
Histocompatibility testing varies with each organ. Organs
vary in their immunogenicity (likelihood of inducing
rejection). The lungs and bowel are most immunogenic, but
the heart is most likely to develop acute rejection. Some
organs, like the heart, exist singly, and the entire organ must
be used, so donations must come from cadaveric donors.
The kidney and segments of the liver and lungs may be
removed from living related donors, so tissue typing can be
more exact. Most organs can now be preserved for many
hours outside of the body, which allows tissue typing to be
performed. Other organs, the heart and lung in particular,
have shorter preservation times, which precludes routine
tissue typing.
The less antigenic the graft, the less the host will react
against it. In human transplantation when the donor and
recipient are identical twins and there is no antigenic
difference, the tissue is accepted without immunosuppressive agents. When the donor and recipient are siblings or
when a parent donor is used for an offspring, there is greater
statistical likelihood for antigen sharing between the donor
and the recipient than when a cadaveric or unrelated donor
is used. Patient outcomes are better when either a sibling
graft or a parent-child graft is used as compared with a
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cadaveric transplant. The improved outcome may also be
related to the shorter ischemic times when a living-related
donor graft is used.
The ABO and human lymphocyte antigen (HLA) systems
are the main antigen systems in the body. Both tissue typing
and tissue matching procedures may be performed before
transplantation. The ABO system identifies the presence or
absence of antibodies on most body tissues and on red blood
cells. The major blood groups are 0 (universal donor), A, B,
and AB (universal recipient). Transplants are performed
within blood groups but may be done with donors from a
compatible blood group; for example, B recipient receives
an 0 heart. Because O-type organs can be used by any blood
type and type 0 patients can only receive 0 organs, public
policy dictates that O-type organs be used in 0 patients first.
Some evidence shows that Ii ver transplants may cross
ABO-compatible groups.? RHO antigens, positive or negative, appear to have no role in graft rejection. Therefore an
O-recipient may receive an 0+ donor organ.
The HLA molecules are present on most cells and allow
the body to distinguish self from nonself (foreign antibodies). The presence of these antigens plays an important role
in graft rejection. The major histocompatibility complex is
the HLA genetic complex for each individual. HLA
molecules are divided into class I antigens (liLA, A, B, and
C antigens) and class II antigens (HLA-DR, DQ, and DP
antigens).
Matching procedures are performed to identify the
recipient's preformed circulating antibodies to donor antigens. Cross-matching can be done between a specific donor
and recipient before transplant to identify compatibility.
Cross-matching is also performed between a recipient and a
randomly selected panel of donor lymphocytes to measure
recipient level of antibody reactivity. This is known as a
percentage panel reactive antibody (PRA) and is established
as part of the evaluation process. A positive cross-match
denotes the presence of antibodies in the recipient serum
against donor lymphocytes and is a predictor of hyperacute
rejection. A high PRA means the recipient has been
sensitized to one or more foreign HLAs and makes finding
a suitable donor much more difficult. Serums from recipients with preformed antibodies indicated by a high PRA are
cross-matched against donor lymphocytes before transplant.
The transplant can occur if the cross-match is negative.
The United Network for Organ Sharing (UNOS) is a
nonprofit organization under contract with the U.S. Department of Health and Human Services to operate the Organ
Procurement and Transplantation Network (OPTN). In
accordance with government guidelines administered by the
Health Care Finance Administration (lICFA) in 1988,
regional organ procurement organizations (OPOs) were
designated to coordinate identification of potential donors
and organ recovery with transplant centers and participate in
public and professional educational activities to increase
organ donation. OPOs are involved in the procurement of all
solid organs in the United States. All organ transplant
candidates are listed in the UNOS computer. In collaboration with UNOS, each solid organ group has agreed on a
national organ distribution scheme to match organs with

recipients based on criteria such as ABO compatibility,
patient weight, recipient medical status, HLA compatibility,
presensitization, waiting time, and distance between donor
and recipient. There are speci fie criteria for each organ to
ensure equitable allocation of cadaveric organs among
qualified potential organ recipients. 4
The major factor that limits organ transplantation for all
that could benefit is the lack of donors. The percentage of
pediatric donors has decreased over tinle, although the
percentage of pediatric thoracic recipients has increased. 4
The shortage of donor organs has prompted some innovative
changes in practice in recent years. The age and weight
range for pediatric transplants has been broadened. Improvements in organ preservation have increased the length
of time that the organ remains viable outside the body and
therefore allows organs to be transported greater distances.
A preservation solution containing hydroxyethyl starch was
developed at the University of Wisconsin and has lengthened kidney and liver preservation times. Cardiac assist
devices are used at some centers to provide a bridge to
pediatric heart transplantation. Segmental liver transplants
increase the donor pool for young infants. Patients with
end-stage renal disease can be managed with dialysis until a
donor becomes available, but patients needing a heart or
liver often have little time to wait and may die before a
donor organ is found.
All pediatric cadaveric organ donors are declared dead
before removal of any vascular organ. Most states have
enacted brain death legislation in accordance with the
Uniform Determination of Death Act (see Chapter 20 for
brain death criteria).8 Federal Required Request legislation
requires that all family members be given the option to
donate or refuse to donate the organs of their loved one. In
addition, the OPO in the region must be notified by every
hospital of every death. Critical care nurses playa vital role
in identifying and caring for potential donors, participating
with the healthcare team and OPO in approaching family
members about organ donation, and in supporting the
family's ultimate decision.
The period spent waiting for an appropriate donor and for
the transplant to occur is one of great stress and anxiety for
patients and their families. Children normally regress in the
face of serious illness and return to their previous developmental level following recovery. Older children and adolescents may grieve the loss of their good health and former
lifestyle, especially if their illness has had a sudden onset.
The forced dependence and lack of control are very difficult
during the waiting period. All feel a sense of being
interminably "on hold," unable to make future plans.
Although many organ transplant candidates are stable and
can wait at home, some are critically ill and require
hospitalization. The fear that an organ will not be found in
time is heightened for these patients and families. The need
for invasive procedures, intravascular lines, ventilators, and
other mechanical support increases the risk of infection.
Serious infection may temporarily place a patient's candidacy on hold until the infection is treated. Critically ill
patients may develop multisystem organ failure that would
preclude organ transplantation.
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Children and families need emotional support and
reassurance during the waiting period. Critically ill children
waiting for organ transplantation require constant monitoring and frequent adjustment of treatment to maintain their
tenuous hold on life, as well as meticulous care to prevent
complications. The critical care team's efforts are temporizing, at best, because the therapeutic answer to the patient's
problem is organ transplantation.

PROMOTION OF GRAFT TOLERANCE
The clinical evolution of transplantation of foreign tissue
or organs has been successful because of development
of surgical technique, preservation technology, evaluation
of histocompatibility, immunosuppression, and induction of
donor-specific nonreactivity (tolerance).9 Investigation of
tolerance has been a key, multidecade research initiative. As
recognized early on in research related to bone marrow
transplantation, an immunologically active graft could turn
around and reject the new host, provoking graft-versus-host
disease (GVHD). For the defenseless recipient, the risk
of the disease was found to be proportional to the extent
of histocompatibility variance between the graft and recipient. Investigation continued with all avenues of research,
including HLA matching, preconditioning in the form
of total body irradiation or myelotoxic drugs, cell-mediated
immunity, experimentation with chemical suppression,
and the eventual adaptation of double- or triple-drug
immunosuppression. 9
Examination of long-term survivors in 1992 demonstrated that allograft acceptance may have been facilitated
by the presence of a small fragment of extramedullary
donor marrow, including stern cells, which had been
assimilated into the larger immunologic network of the
recipient. Movement was in both directions, so residual
leukocytes (chimeric leukocytes) were in both the donor
graft and the host. 9 Because of the observation, the
interaction was seen as bidirectional and mutually canceling (graft versus host and host versus graft); perhaps
explaining why all patients do not develop GVHD after
immunologically active organ transplantation or why HLA
matching is sometimes so poorly predictive of outcome.
Cell survival, then, depends on immunosuppression that
protects both cell populations equally. The discovery of
this "spontaneous leukocyte chimerism" led researchers to
believe that it occurred naturally after whole organ transplantation. Chimerism is not synonymous with tolerance,
but it is a requirement for acceptance of the graft and
a requirement for eventual tolerance. In fact, the longterm survi val of a graft indicates that donor leukocyte
chimerism has occurred and explains why immunosuppressant drugs can be eventually and permanently stopped
in some cases. 9
Although, historically, occasional attempts had been
made to improve graft outcome by infusing donor bone
marrow, the belief was that the donor cells would be
destroyed without preconditioning with radiation or myelotoxic drugs. The discovery in 1992 recognized a
window of opportunity in which donor bone marrow could
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be safely infused into the recipient, without preconditioning or deviation from normal immunosuppression practices. Recently this approach was used in a number of
kidney, heart, liver, and lung recipients who were given
donor bone marrow cells during organ transplantation
after revascularization occurred. Chimerism was produced,
which was estimated as 1000 times greater than that
naturally occurring in whole organ transplants. Data
indicated persistent chimerism, a trend toward donorspecific nonreactivity, and improved patient and graft
survival 9 Weaning from long-term immunosuppressive
therapy would be of obvious benefit to organ recipients.
Although an immunosuppressant drug-free Slate may never
be obtained, the goal is to move in that direction in
inducing tolerance.

Pharmacologic Immunosuppressant Therapy
Pharmacologic immunosuppressive therapy is initiated during the transplant procedure and maintained thereafter to
suppress the natural immune response of the host and
prevent or limit rejection of the transplanted organ. Although the rationale for immunosuppressive therapy has
remained the same through the years, the immunosuppressive protocols continue to vary according to the transplanted
organ, the transplant center, and the continuous research and
introduction of new improved agents. Maintenance immunosuppression refers to the medications that are used on
a long-term basis to prevent rejection. Other medications
are used on a short-term basis to treat acute rejection
episodes.
Immunosuppressant regimens continue to vary between
transplant institutions, but combination therapy using
double- or triple-drug protocols remains the practice of
choice. Combination therapy provides enhanced immunosuppression, as well as reduced drug toxicity because of the
lower dosages of each specific drug. As Fig. 26-1 depicts,
the immunosuppressive drugs act on different sites in the
immune system, therefore having varying effects on the
process of rejection and the extent of systemic side effects
experienced by the patient.
Ongoing research is exploring new approaches to standard immunosuppressive protocols that result in optimum
graft function by inhibiting the immune system and
decreasing the incidence of rejection, subsequently increasing the long-term quality of life for the child with a
transplanted organ. The most common immunosuppressive
agents used alone or in combination protocols to prevent
rejection and optimize graft function are cyclosporine,
tacrolimus, azathioprine, mycophenolate mofetil, and corticosteroids. Many complications are associated with immunosuppression, including hypertension, renal insufficiency,
posttransplant lymphoproliferative disorders, viral or opportunistic infections, drug toxicity, steroid-related complications (obesity, growth failure, bone disease), nephritis, and
cervical lymphadenopathy.
As with any pharmacologic therapy, knowledge is
required about the immunosuppressant medications and
other pharmacologic agents used to combat the adverse
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Fig. 26-1 Immunosuppressant functions. Cyelosporine and tacrolimus function as calcineurin inhibitors. Sirolimus inhibits target of rapamycin (TOR), which is a regulatory enzyme critical to immune
function and is the first agent in this distinct e1ass of immunosuppressants. TOR inhibitors alter
T cell proliferation largely through their inhibition of responsiveness to proliferative cytokines such
as interleukin-2. Ag, Antigen; APC, antigen-presenting cell; AZA, azathioprine; BQR, brequinar
sodium; CDK, cyelin-dependent kinase; CSA, cyelosporine; CTLA4-Ig, cytotoxic T-lymphocyte
antigen -4 immunoglobulin; Cyp. cyclophilin; FK506, tacrolimus; FKBP12, FK506 binding protein;
IL-2, interleukin-2; IL-2R, interleukin-2 receptor; MHC, major histocompatibility complex; LEF, leftunomide; MMF, mycophenolate mofetil; MZ, mizoribine; NFAT, nuclear factor of activated T cells;
NFkB, nuclear factor Kb; TCR, T cell receptor; TOR. target of rapamycin. (Courtesy Wyeth-Ayerst
Laboratories. From Sehgal SN: Rapamune (RAPA, rapamycin, sirolimus): mechanism of action
immunosuppressive effect results from blockade of signal transduction and inhibition of cell cycle
progression, Clin Biochem 31 :335-340, 1998.)

effects of immunosuppression, including the action, dosage
and administration, adverse effects, drug interactions, assessment parameters, and nursing implications. Because of
the many medical problems of transplant patients, complex
immunosuppressant protocols, and the large number of
medications each patient receives, correctly administering
medications and assessing patients for side effects become a
challenging and vital responsibility for nurses and families.
Pharmacologic agents used with transplant patients, including their indications, side effects, and nursing implications,
are detailed in Table 26-2.

Cyclosporine Modified (Neoral) and Cyclosporine
(Sandimmune). Cyclosporine is a potent immunosuppressive medication that is a metabolite of a soil fungus.
Introduced in 1978, it revolutionized immunosuppression,
substantially improving patient survival following transplantation. The drug's main mechanism of action is calcineurin inhibition, similar to tacrolimus. Cyclosporine does
cause anemia but has minimal effect on neutrophil response;
therefore some infection-fighting mechanisms remain intact.
A correspondingly lower incidence of severe infections in
cyclosporine-treated patients is found in some reports.
Text continued on p. 885
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~lmmunosuppressants
1~1:Cyclosporine (Sandimmune)

~~Cyclosporine.modified (NeoraI)
!k~~ Immunosuppressant

~~. Inhibits T cell proliferation
~" Metabolized by liver
11il~i Excreted through bile in feces
~~. Oral absorption is highly variable
f;Availability:
~.
.
~N" Oral: Capsule, oral solutIOn
~~~. Injection
n··;
1BPosage:

IF:~ :OraJ:
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Initial: 14-18 mg/kg/day
.
Maintenance: 5- I0 mg/kg/day
Based on blood levels
~1:' IV: 5-6 mg/kg/day continuous infu~jiF: sion or divided dose
liijCyclosporine monoclonal TDX trough:
!C,.,
at]: 300-700 ng/ml
!liE

.

1(-

Side Effects
CNS toxicity: tremors, seizures, headaches, paresthesia, flushing, and
confusion
Nephrotoxicity; BUN, i serum creatinine; .L creatinine clearance, i K,
i uric acid
Hypomagnesemia
Hypertension
Hepatotoxicity
• Infection
• GI: anorexia, nausea, vomiting,
diarrhea
• Dermatology: gum hyperplasia and
hirsutism
Lymphoma

Nursing Implications
I. Observe for CNS symptoms.
2. Seizures managed with antiseizure

3.
4.

5.

6.

7.

8.
9.
10.

~t

I I.

~i;

12.
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TABLE 26-2 Pharmacologic Agents Used in Solid Organ Transplant Recipients:
Immunosuppressants and Antiviral Agents

~~rug*

Ii",.
~r
Ii!".
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medication and correction of other
derangements.
Tremors more pronoonced at higher
doses.
Headache is treated as symptoms
demand.
Monitor renal function and intake
and output closely.
Monitor cyclosporine levels: Levels
should be drawn at trough just
before the next dose is given.
Monitor blood pressure; patient may
need antihypertensive medications.
Monitor liver function tests (LFfs)
Observe for signs and symptoms of
infection.
Treat for G I symptoms as needed;
adjust dose if possible.
Provide good oral hygiene along
with routine dental care.
May use depilatory cautiously to
remove hair if desired for aesthetic
reasons.
Monitor chest x-ray film and do
frequent physical examination.
Cyclosporine level is increased by
some calcium channel blockers, antifungal agents, corticosteroids. and
various antibiotics (e.g., erythromycin,
clarithromycin).
Cyclosporine level is decreased by
phenobarbital. phenytoin, rifampin,
and carbamazepine.

Continued
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TABLE 26-2 Pharmacologic Agents Used in Solid Organ Transplant Recipients:
Immunosuppressants and Antiviral Agents-cont'd
~j:acrolimus (Prograf;

Side Effects

Nursing Implications

Headaches
• Irritability
Insomnia
Nausea, vomiting
• Tremors
Hyperkalemia
Nephrotoxic effects
• Hypomagnesemia
Seizures
Ileus
Side effects increase with intravenous
administration or high blood levels.

1. Follow BUN and creatinine.
2. Do not mix with NaHC03 in IV
form.
3. Administer as a constant infusion.
4, Give 4 hours apart from alkalizing
drugs (such as NaHCO,) if given
orally.
5. Tacrolimus adheres to plastic surfaces;
levels should be drawn from a site not
used for administration.
6. Tacrolimus should not be mixed or
given with bicarbonate or Bicitra or
Carafate.
7. Tacrolimus levels are increased by
erythromycin, antifungal agents,
verapamil, cimetidine, diltiazem,
and some antidepressants,
8. Tacrolimus levels are decreased by
carbamazepine, rifampin, phenobarbital,
and phenytoin.
9. Monitor tacrolimus trough levels.

Anemia
Thrombocytopenia
Diarrhea
Hypercholesterolemia and hypertriglyceridemia (responds to existing
cholesterol-lowering agents)
Rash
Acne
Hypokalemia
Joint pain

I, Mix with 2 oz of water or orange juice
only. Do not administer the drug without
dilution.
2. After administering the medication, rinse
the container with at least 2 more oz
and administer to patient to be sure
entire dose was taken,
3. Sirolimus should be kept refrigerated,
not frozen.
4, Dose should be consistently taken with
or without food.
5, Dosage is administered once daily. Dose
should be given 4 hr after cyclosporine
or tacrolimus,
6, Prolonged half-life; therapeutic levels
are reached in 7-10 days. Blood levels
are not used clinically at the present
time.

formerly FK506)

i~'Potent immunosuppressant
lii'fInhibits T cell proliferation
Inhibits interleukin-2 (IL-2) production
~~Suppresses Iymphokine production
Metabolized and excreted in bile
Oral absorption is highly variable

Ii
I,i

I,

~i'Availability:
If~,::

!iiL Oral: capsule

~lv Injection
~sage:

!t0ral: 0.2 mg/kg/day divided bid
~4E: IV: 0.05 mglkg/day as continuous
~
infusion
~Tacrolimus ELISA whole blood trough:
~iC5-20 nglml

b
Iv
I.·.··.•.

It
i'jirolimus (Rapamune)

I..~•.
1*
mit'

N.ewest of the immunosuppressive

gil, agents

Indicated as primary immunosuppression with cyclosporine or for tacroli~iT mus rescue in liver, small bowel, and
~ .. heart recipients showing signs of
~~,
neurotoxicity, nephrotoxicity, or
E'.:o.;
I~' other complications
~ Structurally similar to tacrolimus
,~. Macrolide antibiotic that inhibits
~T T and B cell activity ,
'li~Synergistic effects with cyclosporine
ili',and tacrolimus
I~vailability: oral administration only;
!if.,., liquid, premeasured foil pouch, pill
l1e_ form available soon
~Dosage: variable
-10 mg/day; dosage calculated
~t·L based on other immunosuppressants
~r; in use

lin

a from Armitage JM, Fricker Fl, del Nido Pet al: A decade (1982-1992) of pediatric cardiac transplantation and the impact of FK506 immunosuppres, J Thorac Cardiovasc Surg 105:464-472, 1993; Asante-Korang A, Boyle GJ, Webber SA et al: Experience of FK506lmmune suppression in pediatric
transplantation: a study of long-term adverse effects, J Heart Lung Transplant 15:415-422, 1996; Green M, Michaels M, Webber S et al: The
agement of Epstein-Barr virus associated post-transplant Iymphoproliferative disorders in pediatric soJid-organ transplant recipients, Pediatr Trans-

3:271-281, 1999; Jain A, Mazariegos G, Kashyap R et al: Comparative long-term evaluation of tacrolimus and cyclosporine in pediatric liver
splantation, Transplantation 70:617-625, 2000: McAlister V, Gao Z, Peltekian K et al: Sirolimus-tacrolimus combination immunosuppression, Res Let
5:9201,2000; McGhee B, Howrie D, Kraisinger M et al: Pediatric drug therapy handbook &formulary. Department of Pharmacy, Children's Hospital
Pittsburgh, 1997, Lexi-Comp; Robinson BV, Boyle GJ, Miller SA et al: Optimal dosing of intravenous tacrolimus following pediatric heart transplanta• J Heart Lung Transplant 18:786-791, 1999; Sehgal SN: Rapamune (RAPA, rapamycin, sirolimus): mechanism of action immunosuppressive effect
Its from blockade of signal transduction and inhibition of cell cycle progression, Clin Biochem 31 :335-340, 1998; Webber SA, Green M: Postsplantation Iymphoproliferative disorders: advances in diagnosis, prevention, and management in children, Prog Pediatr Cardial 00: 1-13, 2000,
III
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TABLE 26·2 Pharmacologic Agents Used in Solid Organ Transplant Recipients:
Immunosuppressants and Antiviral Agents-cont'd .
Side Effects
Bone marrow suppression
Leukopenia
Thrombocytopenia
Anemia
Hepatotoxicity
Infection
GI: nausea, vomiting, diarrhea, mouth
ulcers
Pancreatitis
Muscle wasting

Nursing Implications
I.
2.
3.
4.
S.
6.
7.
8.
9.
10.

Monitor CSC and platelet counts.
May hold dose if WBC count <3000.
Monitor for signs of bleeding.
Monitor for signs of infection.
Administer blood products as
directed.
Monitor LFTs.
Observe for signs of liver
dysfunction.
Administer with food.
Provide good oral hygiene.
Monitor serum amylase and lipase
levels.

Increased susceptibility to infections
and malignancies, especially cutaneous
• Fever
Headache
Hypercholesteremia
• Diarrhea
Nausea
Vomiting
Dyspepsia
Leukopenia
Neutropenia
Anemia
Thrombocytopenia
Myalgia
• Hematuria
Cough

I. Antacids decrease mycophenolate
absorption.
2. Acyclovir and ganciclovir compete
with mycophenolate for renal tubular
secretion resulting in increased concentrations of both drugs.
3. Some children may require every8-hr dosing to achieve adequate trough
levels of> 1.0 Ilg/mL
4. Capsules should not be opened or
crushed.
S. Inhalation of the drug or direct
contact of the drug with the skin or
mucous membranes should be
avoided.
6. Dose adjustments are not necessary
in patients with renal dysfunction.

Infection
• Fluid retention: i weight, i Na reabsorption, i SP, i uric acid, edema,
moon facies, cushingoid appearance
Osteoporosis: J. calcium absorption;
leaches calcium from bone
Increased appetite
Mood swings, depression, irritability
Psychosis
• Fragile, sun-sensitive skin
Slow wound healing
Stomatitis
Acne and hirsutism
• Muscle weakness-proximal more
pronounced
• Nausea, vomiting, peptic ulcer

I. Steroids may increase glucose levels

2.

3.
4.

S.

in the blood and urine, requiring
insulin or oral hypoglycemics.
Cataracts or glaucoma may occur with
long-term treatment; provide ophthalmic
examinations.
Monitor serum electrolytes, glucose,
and blood pressure.
Doses should not be discontinued or
decreased abruptly without physician's
supervision.
High-dose steroids given IV push over
fewer than 10 min has resulted in
sudden death.

Continued
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TABLE 26-2 Pharmacologic Agents Used in Solid Organ Transplant Recipients:
Immunosuppressants and Antiviral Agents-<:ont'd
.

!h;,olycIonal Antilymphocyte Antibodies
lirrl\ntithymocyte globulin-equine (Atgam)
~j!Antithymocyte globulin-rahbit
~:(Thymoglobulin)
Immunosuppressants
~: Cytotoxic antibody directed against
i:ii, antIgens expressed on human T
lymphocytes
i!\i,. Indicated for allograft rejection in
~: kidney, liver, small bowel, and heart
~!lt transplant recipients
~J~vailability: injection

I.

I:

~posage:

~~ .• Atgam: 15 mg/kg/day

f;if Thymoglobulin:
~r

1.5 mg/kg/day

i~

~~;
~".
~!,

irE!

Side Effects

Nursing Implications

• Fever, chills
Leukopenia, thrombocytopenia
Rash, pruritus, urticaria
Arthralgia, chest or back pain
Diarrhea, nausea, vomiting
Dyspnea
Headache
Hypotension
Night sweats
Pain at infusion site, thrombophlebitis
Anaphylaxis
Dizziness, weakness, faintness
Edema
Seizures
Tachycardia, pulmonary edema,
laryngospasm
Systemic infection

I. Monitor vital signs frequently during
infusion and every 4 hr after medication.
2. Premedicate with acetaminophen and
diphenhydramine; also may give
hydrocortisone.
3. Patient should remain on a monitor.
4. Administer via central or large-bore peripheralline; use of high-flow line will
minimize the occurrence of phlebitis or
thrombosis. Observe site frequently.
5. Record weight on chart.
6. Monitor baseline CBC, differential,
and platelets.
7. Infuse slowly over 2-6 hr; concentration
should not exceed I mg/m!.
8. Filter infusion with 0.2-5 micron filter.
9. Do not keep in diluted form more than
12 hr.
10. Do not infuse simultaneously with blood
products or other medications.
11. Have emergency crash cart and drugs
available.

Cytokine release syndrome
Headache
TaChycardia
Hypertension
Hypotension
Tremor
Aseptic meningitis
Seizures
Pruritus
Rash
Diarrhea, nausea, vomiting
Increased BUN, creatinine
• Joint pain
Photophobia
• Pulmonary edema
Fever

I. Severe pulmonary edema has occurred
in patients with fluid overload.
2. Drug is contraindicated in patients with
known hypersensitivity, those in fluid
overload, or patients with >3% weight
gain within prior week and high fever.
3. Store in refrigerator; do not freeze. Drug
should not be used if left out of the
refrigerator for more than 4 hr.
4. Dosage of concomitant immunosuppressants may need to be reduced.
5. First dose effect (llulike symptoms,
anaphylactic-type reaction) may occur
within 30 min to 6 hours, up to 24 hr after
the first dose. Cardiopulmonary resuscitation may be needed.
6. Corticosteroid administration is required
before infusion to decrease incidence of
reactions. Use for 3-5 days.
7. Patient temperature should not exceed
37.8° C at time of administration.

I

~\2

lie'
~f
ilil'!.
~:

~.MonoclonaJ

Antibody

~1:Muromonab-CD3(OrthocIone

OKT3)

~~Potent immunosuppressant

ii(t•. Treatment of acute

allograft rejection
Effecti ve in reversing acute hepatic
~:'= and cardiac rejection episodes
If.vailability: injection
IDosage:
~IC: <30 kg: 2.5 mg/day
>30 kg: 5 mg/day
I~ltematlve dosmg: 0.1 mg/kg/day up
,i~., to 5 mg

tr

I[
llli_.• . ,
~f.~..

If
LE='.

lli'h'

iK

ll!1:'

~r
Ife

llU:

~lf-

1!1',

~:;

ata from Armitage JM. Fricker FJ, del Nido Pet al: A decade (1982-1992) of pediatric cardiac transplantation and the impact of FK506 immunosuppres, J nlOrac Cardiovasc SI/rg 105:464-472, 1993; Asante-Korang A, Boyle GJ, Webber SA et al: Experience of FK506 lmmune suppression in pediatric
transplantation: a study of long-term adverse effecls, J Heart LI/I/g TOOl/sp/alll 15:415-422. 1996; Green M, Michaels M. Webber Set al: The
gemenl of Epstein-Barr virus associated posH.ransplanl Iymphoproliferalive disorders in pediatric solid-organ transplant recipients, Pediutr TrallsIII 3:271-281, 1999: Jain A. Mazariegos G, Kashyap R et at: Comparative long-term evaluation of tacrolimus and cyclosporine in pediatric liver
splantation, Transplantation 70:617-625. 2000; McAlister V, Gao Z, Pe]tekian K et al: Sirolimus-tacrolimus combination immunosuppression, Res Let
5:9201.2000; McGhee B. Howrie D, Kraisinger M et al: Pediatric drug therapy hal/dbook &formu/ary. Department of Pharmacy, Children's Hospital
Pittsburgh. 1997. Lexi-Comp: Robinson BV, Boyle GJ, Miller SA et al: Optimal dosing of intravenous tacrolimus following pediatric heart transplanta·bn. J Heart LI/I/g Tramp/allt 18:786-791, 1999; Sehgal SN: Rapamune (RAPA. rapamycin. sirolimus): mechanism of action immunosuppressive effect
suits from blockade of signal transduction and inhibition of cell cycle progression, Clill Hioc"em 31:335-340. 1998: Webber SA, Green M: Postsplantalion Iymphoproliferative disorders: advances in diagnosis, prevention. and management in children. Prog Pediacr Cardiof 00: 1-13,2000.
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(t:I TABLE 26-2

Pharmacologic Agents Used in Solid Organ Transplant Recipients:
Immunosuppressants and Antiviral Agents-eont'd

!ii-Monoclonal Antibody
~jiPacJizumab (Zenapax)
~!iBasiliximab (Simulect)
11,'. Induction immunosuppressant
JjJ' Monoclonal antibody that prevents
~'" IL-2 from binding to the IL-2 receptor
~,' and inhibits the proliferation of activated T cells
l~~. Indicated in the prophylaxis of acute
ire! rejection in transplant recipients
~",Availability: injection

iK-

~ijl)osage:

~ii!: Paclizumab: I mg/kg x 5 doses 2
~~
weeks apart each
" Basiliximab: 12 mg/m 2 administered
~!
on day 0 and day 4 following
'§:;;.
transplant

r'

Side Effects

Nursing Implications

Uncommon adverse reactions:
GI: constipation, nausea, diarrhea,
vomiting, abdominal pain
Edema
• Headache
Very rare adverse reactions:
Chest or back pain

1. Daclizumab and basiliximab do not
cause the cytokine release syndrome
characteristic of OKT3 or antilymphocyte globulin use.
2. Filtering is not necessary.
3. No premedications are necessary.

• Fever

• Fatigue
Hypotension
• Dyspnea
Insomnia
Tachycardia
Bleeding

lli,Jrnmune Globulin

~~~ytomegalovirus immune globulin

~T intravenous, human (CMV.IGIV;
~!rf;j' Cytogam)
~:!'Atlenuation of CMV or EBV disease
associated with solid organ transplant
~}-Availability: injection
i;;,

liik

i~_Posage:

~'i'Prophylaxis: 150 mg/kg every 2
~L
weeks x 8 weeks (4 doses), 100
~;:;::
,,*' mg/kg at weeks 12 and 16
~:
(2 additional doses)
~:;, Treatment: 100 mg/kg every other
1:~:
day x 3 doses then 100 mg/kg
t,
B"
weekly: reevaluate; repeat

ii~~

•
•
•
•
•
•
•
•

•

hr,

~

is' -

~JJltravenous immune globulin (IVIG)
mi~, Used in conjunction with appropriate
~;; anti infective therapy to prevent or
~':' modify acute bacterial or viral
il1lF infections in patients with
~. immunodepression
~;. Immunodeficiency syndrome
~:fAvailability: injection
""
.,EDosage: highly variable 500 mg/kg/dose
&'_ every other day x 7 days

Flushing of the face
Diaphoresis
Muscle cramps
Back pain
Nausea and vomiting
Wheezing
Dizziness
Fever
Headache
Tightness in the chest
Hypersensitivity reactions
Chills
Hypotension
Arthralgia

Flushing of the face
Hypotension
Dizziness
Fever
Headache
Nausea and vomiting
Hypersensitivity reactions
• Chills
Diaphoresis
• Tightness in the chest
•
•
•
•

Administer IV only.
Administer as separate infusion.
Filters are not necessary.
If minor side effects occur, slow rate
or temporarily stop the infusion.
5. If anaphylaxis or hypotension occur,
discontinue infusion and use a
pharmacologic agent such as
diphenhydramine.
I.
2.
3.
4.

I. Do not administer 1M or Sc.
2. Fol low package insert for rate of
administration.
3. Monitor platelet counl.
4. Monitor vital signs closely.
5. Have epinephrine available.
6. Slowing or stopping the infusion often
allows minor symptoms to disappear.
7. Uncommonly used in solid organ
transplant patients.
Continued

Cyciosporine is metabolized by the liver and excreted via
bile into the feces.
Cyciosporine is available in an oral form (a liquid in an
olive oil base and capsules) and in an intravenous solution.
Absorption of the drug after oral administration varies
widely, and it is usually given on an empty stomach to
reduce the interference of food with absorption. Cyciospor-

ine is fat soluble, so its bioavailability in patients with
severe liver dysfunction is reduced. Children metabolize
cyciosporine more rapidly than adults and thus require
higher doses per kilogram of body weight and occasionally
a more frequent dosing schedule to maintain adequate levels
of immunosuppression. Many medications interfere with
cyclosporine metabolism (see Table 26-2).
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TABLE 26·2 Pharmacologic Agents Used in Solid Organ Transplant Recipients:
Immunosuppressants and Antiviral Agents-cont'd
~'

ifiDrug*
~>;

'~CYclOvir
r

(Zovirax)
Antiviral agent
:~ Used in the treatment of herpes
)!.. simplex and herpes zoster, varicella
zoster, and EBV infections

•S

'~vailability:

VOral: capsule, suspension
[' Injection
.,. sage: variable
IV: 750-1500 mg/m 2/day
Oral: 20 mg/kg qid

Side Effects

Nursing Implications

• Confusion, seizure, coma
• Rash
• Reversible neutropenia and
thrombocytopenia
• Myelosuppression
• Azoospemlia
• Nausea and vomiting
• Pancreatitis
Phlebitis
• Potential long-tenn carcinogenic effect
• Peripheral extremity pain

I. Monitor CBC, differential, platelets,
and serum creatinine.
2. Handle and dispose of according to
guidelines issued for cytotoxic drugs.
3. Administer by slow IV infusion over
at least I hr.
4. Infuse through large vein to minimize
risk of phlebitis.
5. Maintain patient's hydration status.
6. Use 0.22- or 5-micron filter.
7. Patient should have regular ophthalmologic examinations for worsening CMV
disease.
8. Dosage adjustment may be necessary in
patients with neutropenia, thrombocytopenia, or impaired renal function

• Abnonnal renal function
• Lethargy

I. Administer over I hour intravenously,
not to exceed a final concentration of
7 mg/ml.
2. Use with caution in those with renal
disease or receiving other nephrotoxic
drugs concurrently. Maintain adequate
urine output during first 2 hr after IV
infusion.
3. Use with caution in children with
underlying neurologic abnonnalities.
4. Monitor urinalysis, BUN, serum
creatinine, liver enzymes. and CBe.
5. Drug is incompatible with blood
products and protein-containing
solutions.

• Tremor

•
•
•
•
•
•

Seizure
Confusion, hallucinations, delirium
Agitation, insomnia, dizziness
Coma
Skin rash, diaphoresis
LFfs
Nausea, vomiting
• Phlebitis at injection site
Nephrotoxicity
Pain, sore throat

Cyclosporine is often administered intravenously in the
immediate posttransplant period. It is given as an infusion
over 2 to 6 hours or as a continuous infusion (preferred.)
Whole blood assays for cyclosporine may be falsely
elevated if blood samples are drawn through the same line
through which the drug is infused; therefore intravenous
(rV) lines used for administration of the drug should not be
used to draw samples for drug levels. IV cyclosporine may
be given until adequate levels of the drug are reached with
the oral preparation. Cyclosporine dosages are adjusted
based on trough levels, evidence of nephrotoxicity or other
major side effects, and during rejection. Generally, trough
levels are maintained at a higher level in the early
posttransplant period, and then doses are gradually tapered
to a lower long-term maintenance level.
Cyclosporine (and tacrolimus) administration, especially
at high blood levels, may also predispose patients to
seizures. Seizures associated with cyclosporine administration are more prevalent in children than in adults following

transplantation. Posttransplant patients are at risk for
seizures as a result of infection, metabolic derangements
(e.g., hypomagnesemia), fluid overload, use of steroids, 'or
hypertension. A decrease in cyclosporine dose or temporary
discontinuation of the drug may stop seizure activity.
Seizure activity should still be treated with antiseizure
medications and correction of electrolyte imbalances or
other treatable derangements. Long-term morbidity from
cyclosporine-related seizures is unusual.
Other adverse effects from cyclosporine administration
include other symptoms of central nervous system (CNS)
toxicity, such as headache, paresthesia, flushing, and confusion; nephrotoxicity; hypomagnesemia; hypertension; hepatotoxicity; infection; gastointestinal (GI) symptoms, such
as anorexia, nausea, vomiting, and diarrheas; gum hyperplasia; hirsutism; and lymphoma.
Tacrolimus (Prograf), Tacrolimus is a potent, selective anti-T cell immunosuppressant drug, whose mode of
action is similar to that of cyciosporine. IO Tacrolimus is
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a novel macrolide antibiotic derived from the soil fungus
Streptomyces tsukubaensis, found in the Tsukuba region
of northem Japan. Tacrolimus, cyclosporine, and sirolimus belong to a class of compounds whose cellular
activity depends on binding to specific cytosolic binding
proteins, called immunophilins. Tacrolimus and cyclosporine inhibit calcineurin, a phosphatase required for early
T cell activation. II
Tacrolimus holds promise for transplant recipients because of associated potency and action. The first human
trials of tacrolimus were conducted as rescue therapy for
liver graft rejection unresponsive to conventional immunosuppressive therapy.12 The efficacy of tacrolimus has been
demonstrated with pediatric cardiac, liver, intestinal, and
renal transplant recipients. Results of long-term study have
indicated that tacrolimus-based immunosuppression provides significant long-term benefits, including improved
graft and patient survival, reduced rate of rejection, less
hypertension, and lower steroid dosage requirements. 13
Clinical studies indicate that tacrolimus has very similar
side effects to cyclosporine. Hypertension may still occur
but to a lesser extent than with cyclosporine; hirsutism and
gingival hyperplasia are not seen with tacrolimus use. 14 In a
study of 49 pediatric heart transplant recipients who
received tacrolimus as the primary immunosuppressant, the
common cyclosporine side effects of hypertension, gingival
hyperplasia, coarsening of facial features, and hirsutism
were not seen. 14 Results of another study in pediatric liver
transplant recipients suggested that tacrolimus-based therapy may prove to have long-term benefits related to
improved patient and graft survival, reduced rates of
rejection, less hypertension, and the decreased requirement
for steroids. Reported toxicities in children are dose related
and include impaired renal function, headaches, nausea,
vomiting, paresthesias, and insomnia.
Absorption of tacrolimus appears to occur more rapidly
than cyclosporine, with peak plasma concentrations of
tacrolimus achieved in 0.5 to 4 hours. Tacrolimus is
metabolized and excreted in the bile with an associated
half-life of 4 to 14 hours. 15 Current tacrolimus pediatric IV
dosing is 0.02 to 0.05 mg/kg/day via a 24-hour continuous
infusion. The drug is administered through central or
peripheral IV access. Because tacrolimus adheres to plastic
surfaces, IV lines used for administration of the drug should
not be used to draw the drug level. Also, administration sets
should not contain polyvinyl chloride. Once whole blood
levelS of approximately 10 to 20 ng/ml are achieved with the
child tolerating oral intake, oral doses are prescribed. As
increased side effects of tacrolimus have been reported with
intravenous use, the child is switched to oral dosing as soon
as tolerated. The initial oral dose is 0.2 to 0.3 mg/kg/day in
two divided doses. Monotherapy with tacrolimus has been
achieved in 70% to 80% of patients by I year in one
center. 16
Sirolimus (Rapamune). Sirolimus, the newest of the
immunosuppressive agents, is structurally similar to tacrolimus and has synergistic effects with both tacrolimus and
cyclosporine. Unlike cyclosporine and tacrolimus, which
are calcineurin inhibitors, sirolimus inhibits the mammalian
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target of raparnycin (m-TOR), which is a regulatory enzyme
critical to immune function within the cytotoxic T cell.
Sirolimus is a macrolide antibiotic that inhibits T cell proliferation chiefly through the inhibition of responsiveness to
proliferative cytokines such as interleukin-2. Sirolimus may
cause significant bone marrow suppression, bone pain, and
serum lipid elevations. It has been used as a rescue agent in
liver, small bowel, or heart recipients experiencing neurotoxicity, nephrotoxicity, or persistent rejection with the use
of other immunosuppressants. Dosage is based on the indication and the amount of other immunosuppressant agents
in use and ranges from approximately I to 10 mg once daily.
It is usually used in addition to cyclosporine or tacrolimus.
Sirolimus is available in a liquid form, with the capsule
form soon to be available. It is mixed only with orange juice
or water for administration and is kept refrigerated. Absorption is affected by food; therefore the drug should be
consistently taken either with or without food 4 hours after
the dose of cyclosporine or tacrolimus. Because of the
prolonged half-life of sirolimus, therapeutic levels may not
be achieved for 7 to 10 days afler initiating the drug.
Complete blood count (CSC), differential, platelets, liver
function tests, and serum lipids should be monitored closely.
Acetaminophen may be used in management of the associated bone pain. Elevated cholesterol or triglycerides can be
managed by 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-COA) reductase inhibitors or fibric acid derivatives.
Azathioprine (Imuran). Azathioprine, an antimetabolite to DNA synthesis, is metabolized into 6mercaptopurine (6-MP), the active form of the drug. It was
first used as an immunosuppressant with renal transplant
patients in 1963. The combination of corticosteroids and
azathioprine was found to be more effective than either drug
alone and became the basic therapy for patients receiving
other grafts as well. Subsequently, many other drugs were
added to this combination, but they generally failed to
improve the therapeutic index until the development of
cyclosporine. Azathioprine prevents the rapid cell division
that occurs in the immune response, thus limiting the ability
of the body to generate cytotoxic T cells. Azathioprine is
toxic primarily to the bone marrow, and its use may cause
leukopenia. This effect results in an increased risk of
infection when azathioprine is used in higher doses.
Azathioprine is metabolized by the liver and excreted by
the kidney. It is available in oral and intravenous forms. The
oral form is readily absorbed from the GI tract.
Mycophenolate mofetil (CeIlCept). Mycophenolate mofetil is an immunosuppressant used in conjunction
with other immunosuppressant agents for the prophylaxis
and treatment of organ rejection in patients receiving allogeneic heart, liver, renal, and small bowel grafts; in management of GVHD in bone marrow transplant patients; and as
an add-on agent in place of azathioprine. Mycophenolate
mofetil is a prodrug metabolized into its active form mycophenolic acid by the liver.
Immunosuppression with mycophenolate may cause increased susceptibility to infections and malignancies, especially cutaneous. Side effects include hypertension, fever,
headache, hypercholesteremia, diarrhea, nausea, vomiting,
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dyspepsia, leukopenia, neutropenia, anemia, thrombocytopenia, myalgia, hematuria, and cough. Antacids decrease
mycophenolate absorption. Acyclovir and ganciclovir may
compete with mycophenolate glucuronide for renal tubular
secretion, resulting in increased concentrations of both
drugs. Other drugs that inhibit renal tubular secretion may
increase mycophenolic acid concentration.
Dosage for children is 1200 mg/m 2 /day divided every 8
to 12 hours. Alternative dosing is 30 to 45 mg/kg/day
di vided every 8 to 12 hours. Trough levels should be I
fIg/m\. Children often require dosing every 8 hours to
achieve therapeutic trough levels because of their rapid
clearance of the drug. Capsules should not be opened or
crushed. Inhalation of the drug or direct contact of the drug
with skin or mucous membranes should be avoided because
this agent may have teratogenic effects. I?
Corticosteroids. Corticosteroids are potent antiinflammatory agents that exert widespread systemic pharnlacologic effects. Included in this group of agents are the
endogenous glucocorticoids, cortisol, and the exogenous
agents prednisone and methylprednisolone (Solu-Medrol).
Steroids have several immunosuppressive properties and
are used both to prevent rejection and to treat acute
rejection episodes. Steroids interfere with macrophage
function, impairing antigen recognition. They inhibit both
interieukin- I (IL- I) and interleukin-2 (lL-2), causing a
decrease in the production of cytotoxic T cells. At high
doses (e.g., bolus doses of 500 to 1000 mg), corticosteroids
have a profound negative effect on the function of lymphocytes. The ability to recognize their target antigens is
impaired, and circulating lymphocytes are redistributed into
lymphoid compartments, where they avoid contact with the
transplanted organ.
.
Steroids are predominantly metabolized by the liver and
excreted by the kidney. Steroids are commonly given
intravenously at the time of surgery (as Solu-Medrol) and
then orally (as prednisone) following transplantation. The
oral preparation is usually well absorbed from the GI tract.
High doses of corticosteroids are given immediately after
the transplant to prevent rejection and then tapered to lower
maintenance levels over several days or weeks. Eventually,
attempts are made to wean the steroids altogether. Because
of the many toxic side effects of steroids, especially their
negative effect on linear growth in prepubertal children, low
maintenance doses are advantageous. The goal is to reach a
very low maintenance dose, or ideally, an every-other-day
dose schedule to improve growth in prepubertally children
and eventually wean steroids completely. Prednisone inhibits normal adrenocorticoid production of cortisol, so the
drug dosage is tapered before discontinuation to avoid
symptoms of adrenal corticoid insufficiency that occur if the
drug is abruptly stopped.
High-dose steroid therapy is usually the initial treatment
for rejection episodes. A 1- to 3-day "pulse" of high-dose
methylprednisolone given intravenously followed by an oral
prednisone taper to maintenance levels over 5 to 10 days is
a common treatment option. Most rejection episodes are
successfully treated with steroid treatment in addition to
optimizing the use of cyclosporine or tacrolimus.

Polyclonal Antilymphocyte Antibodies: Antithymocyte Globulin-Equine (Atgam). Antithymocyte
Globulin-Rabbit (Thymoglobulin). Immune globulin
preparations are produced by injecting an animal with
human thymocytes. The animal produces antibodies to the
human thymocytes, which are then separated and purified
into an immune globulin preparation. The antilymphocyte
sera is then infused into the patient, and the immunosuppressive effect is achieved through antigen-antibody binding
and the depletion of circulating lymphocytes.
This therapy has been used primarily to treat allograft
rejection episodes that are resistant to corticosteroid treatment. In addition, it may be used as an induction therapy to
delay cyclosporine or tacrolimus therapy for 2 to 4 weeks
posttransplant, thus minimizing potential nephrotoxicity
from calcineurin antagonism immediately after the operation. It is also used as an adjunct to other immunosuppressive therapy to delay the onset of the first rejection episode.
Before administration, prior sensitization to the heterologous globulin is assessed by giving a subcutaneous test
dose diluted with normal saline (Atgam only.) During daily
administration, premedication with an antihistamine and
acetaminophen will decrease the incidence of toxic reactions such as flushing, chills, fever, occasional anaphylactic
reactions, and serum sickness. Maintenance dose is regulated by monitoring T cell subsets.
Monoclonal Antibodies: Muromonab-CD3 (Orthoclone OKT3). Monoclonal antibodies are produced
by a hybridization technique that joins sensitized B cell
lymphocytes with murine myeloma cells and produces
monoclonal antibodies. The antibodies are targeted to react
with a specific subset of lymphocytes defined by surface cell
antigens. 18 Monoclonal antibodies are deri ved from a single
clone, so each molecule is an identical, highly specific
antibody to a specific antigen. In the case of OKT3, the
antigen is the CD3 cell surface receptor of the T
lymphocytes.
OKT3 acts on the immune system causing an immediate
decline in circulating T cells (as soon as 8 to 12 hours). This
prevents the lymphocytes from reacting with foreign antigens from the transplanted organ and inhibiting T cell
function. Because of its potency, OKT3 has different toxic
effects than the other immunosuppressant antibodies. Experience in renal, liver, and cardiac transplantation has
demonstrated its efficacy in treating rejection.
OKT3 has also been used prophylactically in the
immediate transplant period by some heart and renal
transplant programs. 19 The efficacy of prophylactic use of
OKT3 in decreasing rejection has not been established.
Some evidence now shows that prophylactic use of OKT3
may be associated with an increased risk of lymphoma
following heart transplantation in adults. 2o
OKT3 comes as an IV preparation and is given once daily
as an IV bolus infusion over I minute. Treatment for
rejection is determined by biopsy results, but it is usually a
10- to 14-day course. Premedication, of acetaminophen,
diphenhydramine, and corticosteroids, is given to decrease
adverse reactions, especially common with the first dose.
OKT3 administration has been associated with an increased
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incidence of cytomegalovirus (CMV) infection. Therefore
many patients receive CMV prophylaxis concomitant with a
course of OKT3. Because OKT3 is a murine-derived
protein, patients may develop antibodies to the drug, which
could limit the potency of the drug in the future treatment of
the patient. The manufacturer (Ortho Pharmaceutical Co.)
offers an immunoassay service to measure antibody titers to
OKT3. OKT3 is contraindicated in patients with known
hypersensitivity, those with fluid overload, or patients who
have had a greater than 3% weight gain within the prior
week. Serious side effects may occur, including pulmonary
edema and cytokine release syndrome.
Daclizumab (Zenapax) and Basiliximab (Simulect). Daclizumab and basiliximab are immunosuppressive monoclonal antibody products produced by recombinant technology. They prevent IL-2 from binding to the IL-2
receptor and inhibit the proliferation of activated T cells.
Daclizurnab and basiliximab are used as induction therapy
in the prophylaxis of acute rejection. as part of an
immunosuppressive regimen that includes other immunosuppressant agents. Daclizumab is given at the time of
surgery (usually I mg/kg) and every 2 weeks thereafter, for
a total of 5 doses. Basiliximab is administered on the day of
surgery (day 0) and on day 4.
Daclizumab and basiliximab do not cause the cytokine
release syndrome characteristic of OKTI or antilymphocyte
globulin, which often leads to a combination of fever,
respiratory difficulty, and hypotension. Adverse effects are
uncommon, and when they occur, they are mild and include
GI symptoms such as constipation, nausea, vomiting,
diarrhea, and abdominal pain. Other adverse effects, such
as edema, tremor, headache, oliguria, chest pain, fever,
fatigue, hypotension, dyspnea, insomnia, back pain, tachycardia, and bleeding, are very rare. They do not appear
to alter the pattern, frequency, or severity of adverse
reaction or infectious complications associated with other
immunosuppressants.
Immune Globulins. Immune globulins are sometimes used in conjunction with appropriate antiinfective or
antiviral therapy to prevent bacterial or viral infections in
patients with immunosuppression. For example, specific immune globulins, such as hyperimmune CMV immune globulin, may be used to attenuate CMV or Epstein-Barr virus
(EB V) infections. Rituximab (Rituxan) is a genetically engineered human monoclonal antibody directed against the
CD20 antigen found on the surface of normal and malignant
B lymphocytes. Rituximab is indicated for the treatment
of patients with relapsed or refractory, low-grade or fol·
licular, CD20-positive, B cell non-Hodgkin's lymphoma.
Preliminary case reports suggest rituximab may be beneficial in some patients with EB V-related posttransplantation
Iymphoproliferative disorder (PTLD), refractory to other
treatment. 17
Antiviral Agents. Antiviral agents, such as ganciclovir and acyclovir, are used as prophylaxis or treatment of
specific viruses, including CMV, EBV, and herpes simplex
and zoster, for immunosuppressed patients who are more
susceptible to devastating viral infections in the postoperative period.
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Other Agents. Several other treatments have been
tried to prevent or treat rejection following transplantation.
Some centers have used the anticancer agents cyclophosphamide (Cytoxan) and vincristine in patients with severe
rejection. Total lymphoid irradiation (TLI) has been used in
small groups of patients. With renal transplant patients, it
was used before transplantation in an attempt to induce
immune tolerance to the donor organ and decrease later
rejection. 21 It has also been used after heart transplantation
to treat intractable rejection. 22 New monoclonal antibodies
are being sought. Ideally, scientists hope to find a method for
inducing a state of true tolerance to the transplanted organ.
Long-Term Immunosuppression. Long-term immunosuppression can lead to other problems, most often
hypertension, renal insufficiency, cutaneous malignancies,
neurologic symptoms or findings, infections, and steroidrelated complications such as obesity, growth failure, bone
disease, and diabetes.

Rejection of the Organ Allograft
Because all the physiologic properties of the human immune
system have not been fully explained, the phenomenon of
rejection is not completely understood. Rejection is the
result of a series of complex immunologic responses in
which the recipient recognizes the donor organ as being
different from itself. Foreign antigens on the donor organ are
recognized by the host organism, and then through a number
of pathways, destruction of the donor graft occurs. This
process involves lymphocyte infiltration, cellular edema,
eventual cellular necrosis leading to organ dysfunction, and
later, if untreated, graft loss. A more complete discussion of
the immune system is found in Chapter 15.
Hyperacute rejection is a humoral-mediated immune
response, which occurs within minutes or hours of transplantation as the result of preformed circulating antibodies
to the donor. The organ sustains intense endothelial damage
with interstitial edema and clotting of the microvasculature.
The kidney appears most prone to hyperacute rejection,
whereas the liver and heart appear more tolerant of
transplant antigen incompatibility.7 Using ABO-compatible
donors and avoiding implants in cross-match-positive
recipients are standard practices to prevent hyperacute
rejection in renal and cardiac transplantation.
Acute rejection is a T cell-mediated immune response,
which may occur I to 2 weeks after transplantation and any
time thereafter. The T lymphocytes of the recipient are
activated by the surface antigens of the donor organ, causing
cellular infiltration of the transplanted organ with resultant
interstitial edema and cellular necrosis. Because of cellular
damage, acute rejection may interfere with normal organ
function. Immunosuppressive therapy after transplantation
is designed to prevent and treat acute rejection episodes.
Chronic rejection is a combination of both humoral and
cellular immune responses, which may occur 3 months after
transplantation but is more common after the first year. It
has an insidious onset, appears to be progressive, and results
in vascular damage to the organ, eventually leading to organ
failure. Retransplantation is the only known treatment.
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The diagnosis of acute rejection is different for each solid
organ transplant. In the following sections, the clinical signs
of rejection and the use of specific procedures to diagnose
rejection are described and discussed for each organ.

HEART, HEART-LUNG, AND LUNG
TRANSPLANTATION
Heart Transplantation. The treatment of end-stage
heart disease in infants and children with heart transplantation became available in the early 1980s following improved outcomes in adults and the introduction of cyclosporine. Heart transplantation is now a well-established
therapy for infants and children with end-stage heart disease
who have failed conventional medical and surgical therapies
or for whom no other therapies are possible.
The International Society of Heart and Lung Transplantation (ISHLT) provides a wealth of information about
cardiac transplantation in the annual report. 19 •23 A rapid
increase in the total number of pediatric heart transplants
occurred in the 1980s, reaching 324 transplants in 1990.
Since then, there has been a plateau in the total number of
transplants and a recent decline in the yearly total. These
data reflect a limit in available donor organs, yet the
number of potential recipients continues to increase. Heart
transplants in children 18 years of age and younger make
up about 10% of the total number of heart transplants
performed annually in the United States.
Infants make up about 25% of the pediatric heart
transplant population, with patients of ages I to 10 years and
those II to 18 years equally composing the rest of the group.
The main indications for pediatric heart transplantation are
congeni tal heart disease (75% of the infant group) and
cardiomyopathy (65% of the 11- to 18-year-old group).
The pediatric registry contains data on more than 4000
heart transplants performed from 1983 to 1999. 19 The
actuarial survival for this period was 78% at I year and 64%
at 5 years. Recent data from 1995 to 1998 suggest improved
early survival with a I-year actuarial survival of 82%. In
experienced centers, significantly better survival has been
observed. In all eras, the greatest mortality is in the first few
months after transplantation. Infant actuarial survival is
lower than that of other age groups because of a higher
incidence of early death. Primary graft failure is the most
common cause of early death in the first month after the
transplant. For those infants who survive the first year, late
survival is similar to that of other age groups. Some data
suggest that newborn recipients may have a long-term
survival advantage?4
Acute rejection, followed by infection, is the leading
cause of death I month to I year posttransplant in children,
as in adults. After 3 years, chronic rejection/posttransplant
coronary artery disease is the leading cause of late mortality
in children. The conditional half-life (for patients surviving
more than I year posttransplant) for all pediatric recipients is now estimated at 14.4 years, suggesting that
many children will survive to reach adulthood after heart
transplantation. 19

Powerful arguments have been made on both sides of the
"palliate or transplant" controversy for infants with hypoplastic left heart syndrome (HLHS). Those who argue in
favor of palliation cite the relative scarcity of donors, the
high incidence of early graft failure in this group of patients,
and the long-term morbidity and mortality risks after
transplantation. They propose that using pieces of an
infant's own heart to fashion some form of circulation
capable of sustaining life is preferable to using someone
else's tissue (i.e., a transplanted organ), with its attendant
need for immunosuppression. These patients would still be
potential transplant candidates if the palliative repair failed.
Many believe that the limited supply of donors should go to
infants with no other treatment options. Proponents of
transplantation believe it is a better alternative for infants
with HLHS, which requires several high-risk palliative
procedures without achieving normal cardiac structure or
function. They argue that having a normal heart offsets the
risks of chronic immunosuppression.
Several factors are considered in evaluating treatment
strategies. Ninety percent of mortality in both groups
occurred in the first year of life. The limited infant donor
supply and resultant longer waiting times are likely to
increase the number of infants who die while waiting for a
transplant. This pretransplant mortality negatively impacts
the outcome statistics for infants in the transplant option
group. Even with that fact in mind, a study comparing
outcomes at I year and 5 years for both treatment strategies
on patients from 1989 to 1994 reported better outcomes with
transplantation in both periods 25 However, the true incidence of late transplant complications, such as PTLD and
posttransplant coronary artery disease, will become more
apparent as pediatric survivors live 10 or more years after
transplant. With recent improvements in the surgical outcomes for stage I repairs in large referral centers, palliative
repair may become a more attractive option, and there may
be fewer infant transplants as a primary procedure for HLHS
in the future. Heart transplantation for infants with no other
treatment options will continue.
Heart-Lung and Lung Transplantation. Pediatric
combined heart-lung and lung transplantation have been
available since 1985, when the first successful pediatric
heart-lung transplant was performed at the University of
Pittsburgh. 10 The Registry of the International Society for
Heart and Lung Transplantation has received data on more
than 11,608 heart-lung and lung transplants worldwide (all
age groups), including 2510 combined heart-lung procedures from 124 centers, 5347 single-lung procedures from
153 centers, and 3751 double-lung procedures from 140
centers. 26 Children have received heart-lung, double-lung,
sequential bilateral single-lung, and single-lung transplants.
The 1998 data reported 15 heart-lung transplants in children
and 75 lung transplants in children?6
The number of heart-lung procedures has declined
steadily over the past 6 years, primarily related to limitations
in pediatric donor availability but also because of the
expansion of single- and double-lung transplants and the
strict, but necessary, criteria set for recipient eligibility.4
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(For example, potential recipients with cystic fibrosis who
have Pseudomonas cepacia in their airways or sinuses are
no longer placed on waiting lists in many centers. 27 ) Cardiac
repair and simultaneous bilateral or single-lung transplantation have been performed in some centers, which allows a
scarce donor heart to be used in a d.ifferent recipient.28
Single-lung transplantation offers a therapeutic option for
patients with lung disease without infection and for selected
patients with pulmonary hypertension and adequate cardiac
reserve. In some cases, a double-lung transplant may be
preferred over heart-lung transplant for children with
adequate cardiac function and inadequate pulmonary function. In addition, procurement of a cadaveric lung allograft
for a recipient requiring only a single or double lung
provides the use of the heart for standard orthotopic heart
transplantation in another recipient. Donors deemed unsuitable for heart-lung transplantation on the basis of a
unilateral lung pathologic condition, including trauma,
atelectasis, and even pneumonia, may be suitable for
single-lung and orthotopic heart graft procurement. Furthermore, selected donors with excessive vasopressor requirements, cardiac contusions, or arrhythmias may be viewed as
potential double-lung or single-lung donors. With the
increased success of lung transplantation, the fact that only
I in 20 donors has suitable lungs for transplantation has
prompted some surgeons to consider living-related segmental lung donors.
Children who are candidates for lung transplantation
have end-stage parenchymal or vascular lung disease
causing a significant impact on their daily activities. The
major indications for combined heart-lung procedures have
been primary pulmonary hypertension; pulmonary vascular
disease secondary to congenital heart disease, including
Eisenmenger's syndrome; and cardiomyopathy with pulmonary vascular disease. The major indication (almost 50% of
cases) for lung procedures has been cystic fibrosis. Congenital disease and primary pulmonary hypertension necessitate
other lung procedures. Other indications include interstitial
lung disease, arteriovenous malformations, GVHD, and
rheumatoid lung.
The operative mortality (less than 30 days) associated
with lung transplantation is approximately 18%. Early
mortality in lung transplantation has not been higher in the
pediatric age group, but fewer children under 2 years of age
have had lung transplantation.
Causes of death in lung recipients are similar for all
forms of lung transplantation. As in heart transplantation,
intraoperative technical complications (including primary
graft failure and hemorrhage) and cardiac complications
account for about one third of all deaths. Infections have
been reported in an additional one third of deaths, which is
higher than heart recipient rates. Most infections causing
mortality are related to viral and fungal infections. Antiviral
prophylaxis is used for at least 4 weeks after transplantation.
Cystic fibrosis patients are also at higher risk for severe
bacterial infections. They are often colonized with resistant
organisms. In addition, they may be malnourished, with
chronic subacute infections, such as sinusitis. In general,
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cystic fibrosis in children is challenging to manage. Triple
drug immunosuppression is avoided in these patients, and
aggressive, extended antimicrobial therapy is used. More
thorough pulmonary toilet is required to prevent or treat
pulmonary infections.
Rejection has not been as significant a cause of death as
in previous years, primarily because of new and innovative
immunosuppressive agents. However, most patients will
suffer one or two episodes of acute rejection in the first 3
months posttransplanl. The most significant long-term
complication of lung transplantation is chronic rejection,
characterized by obliterative bronchiolitis.
Posttransplantation lymphoproliferative disease is also a
potential complication, particularly in children with no
exposure to EBV and in children receiving lungs or
intestines, which have a more significant quantity of
donor-derived lymphatic tissue. Often, the infection occurs in the recipient's lung within the first year after
transplantation.
Survival in lung recipients has been lower than that in
heart recipients. Currently, little difference in survival rate is
apparent between the specific types of lung transplant
procedures. One-year survival is 66% for heart-lung, 68%
for single lung, and 74% for double-lung transplantation.
The 5-year survival rate for heart-lung transplantation has
been 41 %.26

Transplantation Procedures
Heart Transplantation Procedure. The operative
technique for cardiac transplantation in infants and children
is similar to that in adults except for modifications in those
with congenital cardiac anomalies. The operation is performed through a median sternotomy using cardiopulmonary bypass. Standard orthotopic heart transplantation
involves removing the recipient's diseased heart, retaining
the great arteries and back wall of the atria, and performing
biatrial anastomoses. The recipient's remaining atrial chambers may be large, and the donor and recipient atria may
contract asynchronously.
Bicaval anastomoses are becoming more common, especially in recipients with congenital heart disease. Total
cardiac transplantation leaves a small cuff of the recipient
left atrial tissue (the area receiving the pulmonary veins) in
place, but the right atrium is removed. The donor right
atrium is left intact, and the donor superior and inferior vena
cava are anastomosed to the recipient cava. 29 This technique
requires less dissection if the recipient atria have been
involved in previous operations and is less likely to damage
the sinus node.
Heterotopic heart transplantation leaves the recipient's
own heart in place and attaches the donor heart, via conduits
to the great arteries as a "piggyback" heart. Rarely
performed in children, heterotopic transplantation has a role
in patients with increased pulmonary vascular resistance
(PVR) as an alternative to heart-lung transplantation or
when the donor organ is too small for the recipient, but
transplantation is necessary because death is imminent. 29
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Donor selection and organ recovery require some adjustments for infants and younger children. Hearts can come
from donors larger than the recipient, sometimes more than
double the recipient's body weight. The recipient's failing
heart is often markedly dilated, so the mediastinum can
accommodate a larger heart. This may be especially
advantageous if increased PVR is present. Surgeons usually
remove extra donor aorta and pulmonary artery to use in
reconstruction of these vessels in patients with congenital
heart disease. Surgical techniques for cardiac transplantation
in patients with many congenital cardiac anomalies have
been described 29 . 3o

Heart-Lung and Lung Transplantation Procedures. Transplant techniques have been refined over the
past 20 years. In the past, bronchial anastomosis disruption
was an early cause of death. Use of steroids sometimes
impeded vascular supply to the transplanted donor bronchus, leading to bronchial air leaks, bleeding, stenosis,
mucosal necrosis with aspiration pneumonia, and infection]1 Consequently, steroid dosages have been greatly
reduced, and triple-drug immunosuppression is used for
most heart-lung and lung recipients.
Removal of the diseased heart and lunges) without
causing phrenic, recurrent laryngeal, or vagus nerve injury
is technically challenging. 29 The trachea is divided immediately above the carina, or the division is made on the
recipient's right and left mainstem bronchi as they emerge
from the mediastinum. 32 The donor heart and lungs are
prepared and removed en bloc after core cooling and
administration of cardioplegia to the heart. Reimplantation
of the heart-lung graft is accomplished by sequential
tracheal, caval, and aortic anastomoses.
The single-lung transplant is performed through a
thoracotomy. Choice of which lung to transplant is affected
by previous surgery, such as lobectomy (the opposite lung is
then chosen for transplant because no scar tissue is present),
size of the donor (if a relatively large lung is to be
transplanted, the left side is preferred because the left
hemidiaphragm is easier to mobilize downward to accommodate the lung tissue; however, oversized grafts are
avoided), and lung condition (the most diseased or damaged
lung is replaced).
When a single lung is transplanted or sequential transplantation of bilateral lungs is performed, the recipient's
pulmonary artery is clamped to determine if the patient can
tolerate the implantation without the use of cardiopulmonary bypass. This avoids the potential issue of platelet
destruction and other complications associated with bypass.
Once oxygenation has been established, the diseased organ
is removed with cauterization of bleeding and preservation
of essential nerves. The donor organ is placed, and three
major anastomoses are completed. First, the bronchial
anastomosis is completed. Second, the two major pulmonary veins from the one lung of the donor are attached to the
recipient's left atrium (larger children), or a section of the
atrial wall with pulmonary vein insertion points is implanted. Last, the pulmonary artery is anastomosed. The
recipient and donor pulmonary arteries are spread, and an
anastomosis is performed with very small "bites" through

all the layers of the vessel, using continuous sutures. 32
In a bilateral lung transplant, a "clamshell incision" or a
bilateral thoracostemotomy is used to provide full exposure
of the operative field. Patients over 20 kg are intubated with
a double-lumen endotracheal tube to allow selective,
unilateral lung ventilation. A pulmonary artery (PA) catheter
is placed to provide continuous assessment of PA pressures
and cardiac output. After cannulation of the PA, right
ventricular tolerance of both left and right PA clamping is
assessed, as well as identification of the "best lung" by
sequential ventilation and assessment of arterial blood
gases. If there is any question of right ventricular dysfunction, cardiopulmonary bypass is used to support the patient
through the transplant. If the patient is able to tolerate
unilateral lung ventilation and pulmonary artery clamping,
each lung is sequentially implanted.

Postoperative Care Following
Heart and Heart-Lung Transplantation
Many aspects of postoperative nursing care following
transplantation of thoracic organs are similar to the care of
infants and children after cardiopulmonary surgery (see
Chapter 18). Postoperative recipients require close monitoring and physical and hemodynamic assessment. A PA
catheter is often used to monitor right ventricular performance and PA pressures, especially if preoperative high
PVR is present. Cardiac output is assessed noninvasively by
the quality of peripheral pulses, capillary refill, skin
temperature and color, and urinary output. Serum electrolyte
levels, arterial blood gases, and chest tube drainage are
documented. Careful evaluation of heart and respiratory
sounds is necessary. Maintaining hemodynamic stability is
important while minimizing fluid overload and pulmonary
edema. Strict monitoring of intake and output (often while
maintaining a negative fluid balance) is required to avoid
fluid overload or hypovolemia.
Of particular interest in the postoperative lung transplant
patient is the reimplantation response. This is defined as the
morphologic, radiologic, and functional changes that occur
in a transplanted lung in the early postoperative period as the
result of surgical trauma, ischemia, denervation, lymphatic
interruption, and other injurious processes (exclusive of
rejection) that are unavoidable aspects of the transplant
operation. Functionally, the reimplantation response produces a temporary impairment of the ventilation/perfusion
ratio in the transplanted lung. Some transient impairment of
blood flow may also occur. The patient may present with
symptoms of adult respiratory distress syndrome (ARDS),
manifested as defects in pulmonary gas exchange, compliance, and vascular resistance, as well as an inability of the
disrupted lymphatic system to clear interstitial fluid. Subjectively, the patient becomes very anxious and complains
of shortness of breath. Examination of the patient reveals
diffuse rales, and chest x-ray film demonstrates pulmonary
edema. Treatment includes vigorous diuresis, chest physiotherapy, and reintubation if necessary. In addition to
reimplantation response, differential diagnoses include rejection and infection. Distinguishing among these diagno-
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ses, though often difficult, is essential to formulating a
treatment and nursing care plan. The incidence and severity
of the reimplantation response seem to be decreasing,
possibly because of beller preservation techniques.
Assessing for clinical signs of infection and rejection is
a primary nursing function. A small increase in temperature
can indicate infection. Fevers greater than 38° C require
prompt and aggressive workup. Persistent or productive
cough with or without fever or decrease in forced expiratory
volume in I second (FEY 1) require further investigation by
chest x-ray film and, frequently, bronchoscopy. (See also
sections on infection and rejection.) CMY and Pneumocystis
carinii are important opportunistic infections in heart-lung
or lung transplant recipients. The risks of infection by any
organism are directly related to potency and duration of
immunosuppression, donor selection, operating room technique, and postoperative exposure to pathogens.

Significant Postoperative Issues
and Complications
Organ-Specific Rejection

Organ-Specific Rejection: Heart. The principal mediators of cardiac allograft rejection are T lymphocytes?9
Humoral mechanisms are thought to be less significant
except in sensitized patients or perhaps in chronic rejection. Clinical signs of acute rejection of the heart in
infants and children are often subtle and nonspecific and
may be absent until rejection is severe. Signs and symptoms of rejection in infants include irritability, lethargy,
poor feeding, tachypnea, and tachycardia. Children may
demonstrate decreased exercise tolerance, marked fatigue,
elevated temperature, and signs of congestive heart failure. On auscultation, a gallop or pericardial friction rub may
be appreciated, and dysrhythmias may be detected. Rejection may impair contractility and result in low cardiac
output.
Additional diagnostic tests for acute rejection may be
helpful. Cardiomegaly may be seen on chest x-ray film.
Electrocardiogram (ECG) may show atrial or ventricular
dysrhythmias. Summation of ECG voltages may be decreased from the patient's baseline in severe rejection.
Hemodynamic data obtained via intracardiac lines or during
cardiac biopsy procedures may show increased filling
pressures, decreased right atrial saturation, increased right
ventricular end-diastolic pressure (RYEDP), and decreased
cardiac output during rejection episodes.
Echocardiograms are a useful noninvasive test in monitoring for rejection. The presence of increased posterior wall
thickness, decreased left ventricular volumes, decreased
ventricular function, and pericardial effusion suggests rejection and warrants further investigation. Systolic dysfunction
occurs late and usually indicates severe cellular rejection.
Boucek and colleagues)) described an increase in left
ventricular mass and other parameters on the echocardiogram as reliable markers for rejection in infants. Another
recent study by Santos-Ocampo and associates 34 found
echocardiogram indices of rejection less reliable early after
transplant when compared with biopsy results and signifi-
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cant variability in observations depending on the value
measured. Echocardiogram detection of diastolic dysfunction may not be a reliable indicator of graft rejection 29
Despite a number of possible noninvasive parameters,
right ventricular endomyocardial biopsy remains the "gold
standard" in the diagnosis of cardiac rejection. Histologic
grading for rejection is standardized based on criteria from
the ISHLT. 29 Mild rejection is characterized by minor
peri vascular and interstitial infiltrates. Moderate rejection
involves increased infiltrates and focal myocyte necrosis.
Severe rejection is manifested by increased inflammatory
infiltrates, multiple sites of myocyte necrosis, and interstitial
edema with or without hemorrhage. Although endomyocardial biopsy is the most reliable method currently available to
diagnose cardiac rejection, it is not infallible. There are
many anecdotal reports of patients with clinical signs of
severe rejection who had a negative cardiac biopsy result
and, conversely, patients who appeared well but had a
biopsy demonstrating rejection. The importance of experience and clinical judgment in weighing all available data to
reach a diagnosis and prescri be appropriate treatment cannot
be overemphasized in the field of transplantation, especially
when dealing with infants and children.
Biopsies are performed most frequently in the first few
months (as often as weekly in the first month) following
transplantation because risk of rejection is highest. The
length of time between biopsies is gradually increased over
the first 2 years. Many programs perform a biopsy on
patients once or twice a year for an indefinite period. After
patients require treatment for rejection, follow-up biopsies
are performed I to 2 weeks later to confirm resolution of
rejection. 29
The endomyocardial biopsy involves advancing a bioptome catheter into the right ventricle under fluoroscopy or
echocardiographic guidance and obtaining four to five tissue
samples for microscopic analysis. The procedure is usually
performed on an outpatient basis and takes approximately
one-half hour. In most centers, vascular access is through the
right internal jugular in all ages. Femoral veins may be used
in infants and young children. EMLA cream and local
anesthetic are often used at the puncture site. Some older
children may cooperate for the procedure without sedation,
but most children need some form of procedural sedation.
Uncooperative or higWy anxious patients may require
anesthesia. Pneumothorax and bleeding at the puncture site
are possible complications. Damage to the tricuspid valve is
possible after multiple biopsies, resulting in a flail tricuspid
valve. Perforation of the heart muscle is rare. Overall, the
procedure has low associated morbidity.29
The endomyocardial biopsy technique and the size of the
bioptomes used have been modified so that endomyocardial
biopsies can be performed in neonates, as well as in older
children. However, endomyocardial biopsy has some disadvantages in children: (I) a sampling error is inherent in the
technique; (2) it is an invasive technique, which is more
difficult to repeat in young children; and (3) anesthesia is an
added risk that is sometimes required. Researchers continue
to seek a more reliable, noninvasive test to identify
rejection.
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Acute rejection, along with infection, remains the leading
cause of death in the first year after cardiac transplantation. 19 Despite the initiation of triple-immunosuppression
therapy, most patients will have at least one rejection
episode, usually within the first 3 months after transplantation. Data from a prospective, multiinstitutional study
conducted by the Pediatric Heart Transplant Study Group
showed that the peak hazard for first rejection was at 2
months posttransplant, and the actuarial freedom from
rejection was 61 % at I month and 37% at 6 months.
Furthermore, the same study showed that although infants
younger than 6 months of age had similar rates of rejection
compared with older children, the mortality caused by
rejection was lower, suggesting that rejection may be a less
aggressive process in infants. 35 The critical care nurse plays
a vital role in monitoring infants and children for signs of
rejection in the early postoperative period. Prompt recognition of rejection and the institution of immunosuppressive
therapy increase the likelihood of successful treatment.
Treatment of episodes of rejection usually involves a
3-day pulse of methylprednisolone. If the rejection episode
is associated with graft dysfunction or is resistant to steroid
treatment, other agents, such as OKT3, are used. Therapy
tends to be aggressive because persistent rejection increases
the risk for chronic rejection.
Chronic rejection of the cardiac allograft is characterized
by posttransplantation coronary artery disease, which represents a growing concern in the long-term survival of
pediatric recipients. Pathologic findings in this condition are
different from atherosclerotic coronary artery disease. This
is a diffuse process of coronary artery luminal narrowing,
believed to be immune mediated, resulting in ischemia and
ventricular failure. The incidence of coronary artery disease
in children is less than adults, but children need to live with
the graft for a much longer period, and it may be that the
onset of the coronary artery disease is simply delayed.
Reviews have estimated the incidence of coronary artery
disease in children who have survived I year posttransplant
as 10% to 30%.24.36,37 In a multicenter study including 815
patients, 58 had angiographic or autopsy evidence of
coronary artery disease, and 49 patients died, including 5 of
10 who had undergone retransplantation. 38 Diagnosis can be
difficult, and some patients who die suddenly were found to
have coronary disease on autopsy. Coronary angiography is
known to be insensitive in diagnosis. Currently, no effective
medical therapies are known, and the only treatment is
retransplantation.
Organ-Specific Rejection: Lung. Rejection is common in the early weeks following transplantation. Lung
allografts initiate much stronger immune responses than
cardiac allografts alone. Rejection of the heart after heartlung transplantation is unusual; the lung suffers most of the
host immune response. 29 In the early period after transplantation, clinical manifestations of lung rejection may include
fever, increased work of breathing, new pulmonary infiltrates, and hypoxemia. However, mild or even moderate
rejection often is clinically silent or is characterized just by
mild dyspnea. Results of plain chest x-ray film and
ventilation scans may be completely normal, although in the

later stages, some abnormalities caused by alveolar involvement may appear. Radiographically and functionally, alveolar rejection is associated with transplant opacification and
decreased ventilation without a corresponding reduction in
blood flow.
Bronchiolitis obliterans (obliterative bronchiolitis [OB])
represents chronic rejection of the lung allograft. It is often
associated with a history of recurrent acute rejection
episodes or sometimes with strong immunologic response to
CMY. Onset is usually 6 months to 3 years after transplantation. It manifests as dyspnea with progressi ve small
airway obstruction and decreased function, often refractory
to augmented immunosuppression, which ultimately results
in respiratory failure. Clinically, the FEY 1 may also decline
rapidly and progressively. Secondary infection is common. 32 OB occurs in about 50% oflung transplant recipients
by 4 years posttransplantation 28 and becomes the main
cause of death after the first year posttransplantation,z9
Diagnosis is based on history, clinical presentation, chest
radiographs, and pulmonary function testing.
Definitive diagnosis of lung rejection, essential in asymptomatic rejection, is accomplished by transbronchial biopsy
(TBB.) Severity of acute cellular rejection is classified by
the amount and distribution of lymphocytic infiltrates
around the blood vessels and airways. Sensitivity of TBB in
the diagnosis of OB is poor because OB is characterized by
fibrous obliteration of small airways and TBB samples from
small airways are usually not obtained,z9 Biopsies are
performed for routine surveillance for asymptomatic acute
rejection and when clinical manifestations of rejection are
present. The initial routine biopsy is done before hospital
discharge and then every 3 months for 2 years. 29 For
long-term monitoring, patients can be provided with a
handheld peak flowmeter, which measures peak expiratory flow (PEF). Decreased PEF may be an indicator of
chronic rejection (OB). Exercise tolerance is monitored as
well; earlier desaturations with exercise may occur with
rejection.
Because of the increased incidence of rejection with lung
transplantation, children require higher levels of immunosuppression initially, resulting in increased toxicity and
other effects from the immunosuppressant drugs. Tripledrug immunosuppression is routinely used, yet early rejection still occurs often. Achieving monotherapy over time in
heart transplant patients is more common than in patients
who have received lungs. 29 Increased immunosuppression
and use of other pharmacologic agents may be successful in
treating acute cellular rejection. Augmented immunosuppression is often not effective in treating OB, but it may
slow the decline of small airway function. Even though the
heart is rarely involved in acute rejection in a heart-lung
transplant, the diagnosis of OB presents increased risk for
posttransplant coronary artery disease.
Infection. Infections are one of the leading causes of
morbidity and mortality in the immunocompromised child
after organ transplantation. The risk of infection is highest in
the first few months following transplantation, when immunosuppression is greatest. The incidence of infection has
declined in the past decade as a result of the continuous
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development of new immunosuppressive agents. These
agents are very specific in altering the immune response that
causes rejection while sparing other immunologic functions
that defend against infection. Using these new pharmaceuticals enables the steroid dose to be decreased, reducing the
risk of infection. In addition, increased knowledge about
posltransplant infections allows improved detection and
treatment. Also, the development of more effective antiviral
agents has aided in the prevention and treattnent of viral
infections.
Improvements in the diagnosis and management of
rejection have decreased the time interval of intense
immunosuppression, which was often associated with infections. It is recognized that the greater the amount and
duration of immunosuppression, the greater the likelihood
of infection. The following section reviews the risk factors
for infection in the child after transplantation; describes the
types of infections, their presentation and treatment; and
outlines the vital role of the nurse in prevention and
surveillance.
Risk factors for infection include the use of intense
immunosuppression, host characteristics, and the pediatric
intensive care unit (PICU) environment. Immunosuppression is at its highest level in the immediate posttransplant
period because this is when the risk of acute rejection is
highest. At the present time, all pharmacologic therapies
disturb normal immune defenses to some extent; none are
specific enough to block only the processes that cause
rejection.
Many patients, before transplantation, are immunocompromised secondary to their debilitating chronic illness,
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poor nutrition, or end-stage organ failure. A weakened host
then undergoes a major operation and requires complex
postoperative care involving the use of invasive equipment
and procedures that further compromise the body's defenses. The presence of an endotracheal tube, multiple
invasive lines, catheters, and drainage tubes breach the
normal external defense mechanism of the body and carry a
risk of infection. The PICU environment also predisposes
transplant patients to an infectious risk with exposure to
multiple organisms common in the hospital environment
and to numerous caregivers. Immunosuppression, a compromised host, and environmental concerns combine to
make infection a significant risk for the child recovering
from transplantation (see also Chapter 15).
Significant infections occur most often in the first 6
months following transplantation. Specific organisms are
typically responsible for infections occurring immediately
after transplantation, up to 6 months posttransplant, and
after 6 months posttransplant (Table 26-3). Most infections
in the first month are nosocomial infections, primarily
involving bacteria, and occur as a result of multiple lines
and invasive procedures or are related to preexisting disease
conditions and surgical manipulation. From I month to 6
months, opportunistic infections are most common and may
cause significant morbidity and mortality.
Opportunistic infections are caused by organisms common in the environment that rarely cause disease in an
immunocompetent host. In the immunosuppressed patient,
however, these organisms are capable of causing illness.
Infection can also result from exposure to an exogenous
source of a virulent pathogen, such as meningococcal

Infedious Complications Within the First 180 Days of Transplantation*
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Harly (0-1 Month)
~'"
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Middle (0-6 Months)

Late (>6 Months)

Viral
Epstein-Barr virus (all transplant types;
less than middle period)
Varicella-zoster virus (all transplant
types)
Community-acquired viruses (all transplant types)

~.:

Vi ral
Cytomegalovirus (all transplant types and
seronegative recipients of seropositive
donors)
Epstein-Barr virus (all transplant types
and seronegative recipients; small
bowel-highest risk)
Varicella-zoster virus (all transplant
types)
Opportunistic Organisms
Pneumocystis carinii (all transplant
types)
Toxoplasma gondii (seronegative recipient of a seropositive donor heart)

i~

;;:~::~:~lIas/Burkholderia

~f:

Pneumonia-gram-negative organisms

~):lJacterial

if~am-neg~tive enteric bacilli (small

1,1\ bowel, hver, neonatal hearts)

If:seudomollaslBurkholderia spp.

fibroSIS)
ii!Pt'am-positive organisms (all transplant
t~
iJ,Jl'
[ types)
Ifungal
transplant types
!!iI~, (Iung~ystic

IAII

,~::iViral

iHerpes simplex (all transplant types)
I}losocomial respiratory (all transplant
i!!'V types)

~!h

(Iung~ystic fibrosis)

spp.

Bacterial
PseudomonaJlBurkholderia spp.
(Iung~ystic fibrosis; lung recipients
with chronic rejection)
Gram-negative bacillary bacteremia
(small bowel)
Fungal
Aspergillus spp. (lung transplants with

chronic rejection)

r~*Tom Green M, Michaels M: Infections in solid organ transplant recipients. In Long 55, Pickery LK. Prober CG. eds: Principles and practice ofpediatric
dIseases. New York. 1997, ChurchIll LIVIngstone. pp 626-634.
I~Infeclions are listed from most 10 least common for each time period.
~#lfectlOus
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meningitis; reactivation of an organism, such as herpes or
CMV; or endogenous invasion of a normally present
organism, such as overgrowth of GI flora. Sites of infection
after transplant include the lungs, CNS, wounds, skin,
mucous membranes, GI tract, and urinary tract.
Bacterial Infections. Bacterial infections are most
common in the first month after transplantation and are
similar to the organisms found in the postoperative surgical patient. Gram-negative bacilli including Pseudomonas
aeruginosa, Proteus species, Klebsiella species, and Escherichia coli are common infecting organisms, and both
Staphylococcus epidermidis and S. aureus are seen. Bacterial infections usually arise from organisms already colonizing the patient. Because of a disruption of anatomic and
mechanical defense systems, such as the skin, mucous
membranes, cilia, and mucosa of the GI tract, bacteria are
able to enter the body and cause infection. Common types of
bacterial infections are pneumonia, wound infections, line
sepsis, and urinary tract infections.
Unusual bacterial infections include Legionella, an
aquatic organism that causes pneumonia, and Nocardia,
commonly present in soil and decaying matter that enters the
body by inhalation and can cause pneumonia and infections
of the CNS. Both are often associated with environmental
hazards, such as construction or contamination in air
filtration systems.
Most surgical patients receive prophylactic antibiotics at
the time of surgery and for a short period after surgery to
prevent bacterial infection. The antibiotic chosen is a
broad-spectrum agent effective against the common organisms causing wound infections in a particular healthcare
setting. Prolonged use of prophylactic antibiotics raises
concerns about the growth of antibiotic-resistant bacteria
and fungi. Equally important in the prevention of bacterial
infections is removal of all invasive monitoring lines, tubes,
and catheters as soon as possible.
Viral Infections. Viruses comprise an important
group of infecting organisms after transplantation and
include herpes simplex viruses, varicella-zoster, CMV, EB V,
hepatitis virus, and the human immunodeficiency virus
(HIV). Viral infections can be primary or secondary.
Primary infections are caused the first time the individual
is exposed to the organism, including those that can
be transmitted from donor to recipient. A secondary
infection is a reactivation of the virus. Infants and
young children are more likely to have primary infections, whereas adolescents and adults are more likely to
have been exposed to most common viruses and have a
reactivation of a previous infection. Prospective recipients
and donors are carefully screened for negative titers to the
more common viral agents to assist with the prevention of
infection.
Herpes simplex viruses are divided into two types:
HSV-I is responsible for most herpes infections above the
waist, most commonly of the lips, face, and mouth; HSV-2
is responsible for herpes genitalia. HSV-I infections are
usually acquired during childhood and establish a permanent residence in most hosts. Herpes genitalia is acquired
through sexual activity.

HSV-l is usually a localized infection of recurrent
vesicles and low ulcerations on the lips and oral mucosa. It
can be diagnosed by its classic appearance, but viral cultures
provide the definitive diagnosis. HSV-I infection is common in the first month following transplantation. Treatment
of both HSV-I and HSV-2 infections is with acyclovir.
Varicella-zoster can be a dangerous infection for children
recovering from transplantation. Immunization before transplantation may be helpful in prevention of active disease
later. Outbreaks of chickenpox are common in childhood,
and transplant patients may be exposed many times. The
disease is likely to be more virulent in the immunocompromised host and can cause pneumonitis and significant
respiratory compromise. Children may be given varicella
immune globulin (VZlg) upon exposure to provide them
with antibodies to fight the disease. Treatment of active
infection is with IV acyclovir and reduction of immunosuppressant drug dosages in severe cases.
CMV is a significant viral infection that occurs after
transplantation. Infection with CMV can be a primary
infection in which a seronegative recipient receives a
CMV-positive blood transfusion, a CMV-positive donor
organ, or is exposed to infected individuals. Reactivated, or
secondary, infection occurs when a seropositive patient then
becomes immunosuppressed. Primary infections appear to
be associated with more serious and symptomatic morbidity
and may vary in intensity with the organ transplanted. CMV
is associated with rejection or acute glomerular injury in
renal transplants and with hepatitis and hepatic failure in
liver transplant recipients.
CMV is also a significant pathogen following thoracic
organ transplantation. There appears to be an association
between CMV and accelerated development of arterial
atherosclerosis in cardiac transplant recipients. 39 Generally,
CMV infection is more of a problem in lung recipients than
in heart recipients 29
The symptoms and severity of CMV infection are
variable. Patients who are most susceptible are seronegative
and receive a seropositive organ, have prolonged fever and
hematologic abnOimalities, or have intense immunosuppressive therapy. Infection usually occurs I to 3 months
posllransplantation. Common clinical findings include prolonged (may be high-grade) fever and hematologic abnormalities, including leukopenia, thrombocytopenia, and atypical lymphocytosis. Some patients may present with
malaise, anorexia, myalgias, and arthralgias. Disseminated
disease can affect many organ systems, including the lung,
liver, pancreas, kidneys, stomach, intestine, and brain, and is
associated with significant mortality. CMV was traditionally
regarded as the major infectious agent to complicate
transplantation. However, the introduction and effectiveness
of prophylactic use of ganciclovir (DHPG), a derivative of
acyclovir, has resulted in a dramatic decrease in morbidity
related to CMY.
Diagnosis is based on clinical presentation and confirmed
through viral culture, serology, and histology.40 CMV-pp65
is a rapid diagnostic method currently used that detects
CMV-specific antigens in peripheral polymorphonuclear
cells with a mixture of monoclonal antibodies. 41
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in addition to infection with CMV, transplant patients
may develop superinfections, most often in the lung. CMV
infection has been shown to suppress cell-mediated immunity, further impairing the body's ability to fight infection. Superinfections with opportunistic organisms such as
P. carinii may occur simultaneously.
Ganciclovir has led to improved outcomes for CMVinfected patients, with a clinical response evident 5 to 7 days
after initiation of therapy.42 Because of the high morbidity
and mortality associated with CMV infection following
transplant and, until recently, a lack of treatment for the
disease, there is much interest in preventing the infection.
The use of acyclovir for CMV prophylaxis with high-dose
oral therapy is supported in some protocols. The efficacy of
prophylactic use of CMV immune globulin in patients who
are seronegative and receive a seropositive organ has been
demonstrated.
EBV presents as a continuum of illness, and benign
symptoms may progress to more serious syndromes. EBV is
known to cause mild infections similar to mononucleosis in
patients following transplantation and more serious EB Vassociated malignant lymphoma (Burkitt's lymphoma), but,
most importantly, it is the major risk factor for the
development of PTLD months to years after organ transplantation. PTLD represents a spectrum of diseases characterized by the EBV-driven B lymphocyte proliferation
ranging from a mononucleosis-like illness to monoclonal B
cell lymphoma. 43
EBV disease is diagnosed in pediatric solid organ
recipients via clinical history and physical examination
findings in combination with laboratory confirmation 44
Risk factors include young age, EB V seronegative status
before transplantation of an organ from a seropositive donor,
and multiple episodes of rejection requiring treatment. The
child may have a history of lethargy or malaise usually
associated with febrile periods and anemia. Diarrhea (which
may be guaiac positive), protein-losing enteropathy, and
weight loss may suggest GI involvement. Patients may be
asymptomatic but more often present with findings of
peripheral adenopathy, hepatosplenomegaly, or exudative
tonsillitis. Less often, children present with neurologic
symptoms indicating CNS involvement. 44
Early diagnosis is vital for effective treatment. Diagnosis
is based on clinical manifestations, histopathology, laboratory studies, and radiographic findings. Radiologic examinations (including computed tomography) of the chest and
abdomen are performed to evaluate enlarged lymph nodes
and to look for occult foci of the EB V disease. Pulmonary
nodules are the most common macroscopic finding in heart
and heart-lung recipients 29 Biopsy is done if the lesion is
safely accessible to provide infortnation on histology.
Laboratory data using the EBER-I probe, which labels
EBV-encoded RNA in infected cells, is the most reliable
histologic stain for diagnosis of EBV infection. EBV titers
are not specific for active EBV disease. Some children who
were seronegative before transplant will have positive EBV
titers related to passive immunization with blood products.
The EBV-PCR (polymerase chain reaction) is a blood
test that identifies increased levels of circulating EBV-
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infected lymphocytes or EBV viral load. This test shows
promise in predicting risk of EB V infection before clinical
disease and in detecting disease in patients with symptomatic presentation. Elevated viral load in combination with
typical EBV symptoms appears to be diagnostic of EBV
disease and PTLD. 44 However, use of the EBV viral load is
limited, in that the viral load may be comparable in children
with EBV viral infections to those with EBV-PTLD and
some children may have an elevated viral load without signs
of active infection 44
Starzl was the first to suggest withdrawal or reduction in
the patient's immunosuppression in the 1980s. Since that
time, it has become standard in the treatment of patients
with PTLD and is often effective. However, rebound
rejection may then occur. Beyond the temporary discontinuation or drastic reduction ofthe immunosuppressive therapy,
the optimal management of EBV disease and PTLD in the
solid organ transplant remains controversial and varies
among centers. Depending on the transplant center and
individual strategies, other treatments include antiviral
therapies (e.g., acyclovir or ganciclovir), antibody therapies
(e.g., IVlg, CMV-IVIg [Cytogam]), interferon (may induce
aggressive rejection), radiation, chemotherapy, and surgical
resection of tumors in localized disease. Rituximab, a
genetically engineered, anti-CD20 monoclonal antibody, is
indicated for the treatment of certain CD-20 positive, B cell
non-Hodgkin's lymphomas and may prove effective in
treating CD20-positive, B cell PTLD.
Fungal Infections. The most common fungal infections following transplantation are those caused by the
Candida species of organisms; these infections occur in the
mouth, GI tract, and vagina. Oral candidiasis, known as
thrush, is a common infection in infants and also prevalent
in immunocompromised patients and those receiving broadspectrum antibiotics. Thrush appears as wet, white lesions
on the tongue and mucous membranes of the mouth, which
are painful and can impair oral nutritional intake. The
infection can spread through the GI tract, causing esophagitis, and can cause a Candida diaper rash. Transplant
patients often receive the topical antifungal drug nystatin
prophylactically to prevent Candida infections. Vaginal
infections caused by Candida present symptoms of itching,
irritation, and a malodorous white discharge. The offending
organism must be identified through appropriate diagnostic
tests because Trichomonas has a similar presentation. The
treatment of choice is clotrimazole suppositories.
Candida can become disseminated throughout the body,
usually through the GI mucosa, and cause serious infection.
The diagnosis can be difficult, and signs and symptoms
include a disseminated rash and swollen tender muscles,
persistent fever, eye pain, and eventual signs of CNS
disease. Treatment involves administration of IV antifungal
agents.
Several unusual fungal infections can present later in the
posltransplant period and are generally community acquired. All have an insidious onset and are difficult to
diagnose. Aspergillus can cause pneumonia, pulmonary
infarction, GI bleeding, and brain abscesses. Cryptococcus
enters the body through the lungs and disseminates to the
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CNS. Coccidioidomycosis disseminates to the lungs, CNS,
joints, and liver. Histoplasmosis causes disease in lungs and
CNS, liver, spleen, and lymph nodes. All these fungal
infections are treated with systemic antifungal agents.
Parasitic Infections. The most common parasitic
infections seen after transplantation are pneumonia caused
by Pneumocystis carinii (PCP) and infections with toxoplasmosis. Symptoms of Pneumocystis include an abrupt
onset of dyspnea, cough, hypoxemia, and fever. Bilateral
alveolar infiltrates are seen on chest x-ray film, and
definitive diagnosis is made with bronchoalveolar lavage or
transbronchial biopsy. Treatment is with IV trimethoprimsulfamethoxazole (Bactrim) or IV pentamidine. Prophylaxis
is maintained as long as necessary. When immunosuppressive therapy is significantly decreased, prophylaxis may be
decreased or eliminated. If patients are allergic to trimethoprim, they may be able to be desensitized or may receive
pentamidine inhalation therapy once per month.
Management of Infections. The critical care nurse
plays a vital role in the assessment of transplant patients
for infection. All caregivers must have a very high index
of suspicion for infection in this patient population. Signs of
infection may be subtle; may be masked by the use of
immunosuppressive agents, especially steroids; or may be
confused with rejection or other problems. An aggressive
approach to diagnosis is warranted because the consequences of untreated infection can be life threatening.
A complete head-to-toe physical assessment specifically
focused on possible signs or symptoms of infection should
be performed daily. All fevers should be taken seriously,
although many serious infections may present with little or
no fever. Complaints of headache, subtle mental status
changes, and fever are important signs of potential CNS
infection. Assessment of mental status, evidence of impairment of cranial nerves or sensory or motor function, and the
presence of meningeal signs are all critical elements of a
neurologic assessment. The mouth, tongue, and oral mucosa
should be carefully examined for evidence of thrush or
herpetic lesions. The lymph node chains of the head and
neck should be examined for signs of infection and
inflammation. Alterations in respiratory function can be key
signs of an infectious process, especially because pneumonia is a common type of infection following transplantation.
Tachypnea, dyspnea, cough, labored respirations, retractions, hypoxia, and rales and rhonchi on auscultation are all
important observations. Tachycardia, pulsus paradoxus, a
new murmur, and signs of pericardial effusion can sometimes be associated with an infectious process. Abdominal
distension, cramping and pain, nausea, vomiting, diarrhea,
and changes in the stool may be a result of infection. Cloudy
urine, burning on urination, or a change in the frequency of
urination may suggest a urinary tract infection. Pain or
inflammation of the joints should be noted. All skin surfaces
and mucous membranes should be examined closely for any
signs of infection.
Preventing infection is a critical nursing responsibility.
Isolation techniques after transplantation vary between
institutions and organ types, but the mainstay of all
prevention is good handwashing. A recent study comparing

strict handwashing to gown and glove isolation techniques
in children undergoing solid organ transplantation reported
a significant decrease in nosocomial acquisition of infections in both the handwashing group and the gown and glove
isolation group, despite an infection rate in the overall PICU
population that was not significantly different from the year
before the study throughout the year following the study.45
These data indicate that some infections may be preventable
in the solid organ transplantation population and that
implementation of interventions that may prevent nosocomial acquisition of organisms is beneficial to patients.
Surveillance of visitors and caregivers to prevent contact
with anyone actively infected and to observe for breaks in
handwashing technique is important. All invasive lines are
cared for with aseptic technique and discontinued as soon as
possible. Patients are extubated as early as possible, and
aggressive pulmonary toilet is carried out. Early ambulation
is an important goal. Meticulous skin and mouth care are
crucial to prevent further breaks in the body's defensive
barrier. The physical environment is kept clean. The
importance of nutritional status in preventing and treating
infection is recognized.
Decreased Cardiac Output Related to Ventricular
Dysfunction. Ventricular dysfunction leading to low
cardiac output after cardiac transplantation can be caused by
several factors. An ischemic injury to the donor heart
causing poor contractility can occur during retrieval, during
the cold ischemic time while the heart is being transported,
or during the implantation. Inadequate preservation and
prolonged ischemia times (longer than 6 hours) can
contribute to global ventricular dysfunction, although long
ischemia times have not been correlated with increased
early mortality.46 Ventricular dysfunction can be acute and
present in the operating room with poor cardiac effort,
difficulty weaning from bypass, and increased filling
pressures. More common is worsening ventricular function
over I to 3 days postoperatively with low cardiac output,
fluid overload, and ventricular dilation.
Treatment includes optimizing inotropic support, aggressi ve use of vasodilators, and measures to reduce PVR,
including use of nitric oxide. Ultrafiltration or dialysis may
be needed early after transplantation to manage fluid
overload and acute renal dysfunction caused by low cardiac
output and the nephrotoxic effects of cyclosporine or
tacrolimus. Assist devices such as extracorporeal membrane
oxygenation (ECMO) or left ventricular assist devices
(LVADs) should be considered for acute ventricular dysfunction when elevated PVR and other organ dysfunction is
thought to be reversible.
Decreased Cardiac Output Related to Increased
Pulmonary Vascular Resistance. Increased PVR in the
heart or heart-lung recipient resulting from long-standing
congestive heart failure before transplantation can cause
acute right ventricular failure in the immediate postoperative period. The donor heart, already stressed by a period of
cold arrest and cardiopulmonary bypass, must attempt to
pump against elevated PVR and may not be able to meet the
challenge. Right ventricular dilation and signs of right-sided
heart failure ensue with elevated right atrial pressures,
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tachycardia, dilated neck veins, hepatomegaly, pericardial
and pleural effusions, a gallop rhythm or tricuspid regurgitation murmur, and marked right ventricular dysfunction on
echocardiography.
Early and aggressive treatment to decrease PVR is
critical after transplant to limit right ventricular distension
and dysfunction. Patients who are known to have a high
PVR before transplant have usually been tested in the
catheterization laboratory for their response to drug therapy,
oxygen, and nitric oxide. Therapy is begun in the operating
room or early in the postoperative period to keep pulmonary
pressures as low as possible. Afterload reducers, such as
amrinone or milrinone, nitroprusside, and possibly prostaglandins, are used along with inotropic agents. Nitric oxide is
increasingly used in this setting. Other measures to reduce
PVR include sedation with or without chemical paralysis,
careful suctioning, good pulmonary toilet to prevent atelectasis, and avoidance of acidosis and hyperventilation.
Nursing interventions to decrease cardiac workload include
maintaining normal temperature, ensuring adequate pain
control, reducing environmental stressors, providing emotional support to decrease anxiety, providing proper nutrition, and ensuring adequate rest.
Decreased Cardiac Output Related to Bleeding,
Hypovolemia, or Hypothermia, Postoperative mediastinal bleeding and the risk of cardiac tamponade are of
particular concern after heart or heart-lung transplantation.
The native pericardium is often stretched by severe cardiac
dilation. The donor heart may be smaller than the patient's
nati ve heart, resulting in a large potential space in the
pericardial sac. Blood can easily accumulate and may
contribute to hypovolemia, decreased cardiac output, and
possible tamponade. Patients may also bleed in the absence
of a stretched pericardium. Chest tube drainage is closely
monitored, and measures to ensure adequate drainage of the
mediastinum are followed. Coagulopathies are monitored
and corrected. The patient is closely observed for signs
of tamponade, and prompt treatment is instituted if tamponade is suspected. Reoperation for bleeding is sometimes
necessary.
Hypovolemia and hypothermia are commonly seen
following cardiopulmonary bypass and may contribute to
decreased contractility in the newly transplanted heart.
Careful assessment of fluid balance and temperature is
followed by appropriate fluid replacement and rewarming.
Decreased Cardiac Output Related to Alterations
in Heart Rate and/or Rhythm. Change in heart rate
because of denervation of the donor heart and rhythm
disturbances may also lead to alterations in cardiac output
after transplantation. Because nervous system connections
to the heart are permanently severed during transplantation,
there is no autonomic control of heart rate. In the absence of
parasympathetic control, the resting heart rate is elevated.
The Valsalva maneuver and carotid massage are no longer
effective following transplantation. The sympathetic nervous system normally acts to increase heart rate. Loss of
sympathetic control impairs the ability to respond quickly to
the need for increased cardiac output. Slower mechanisms
that increase cardiac output include the Starling response,
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which increases stroke volume in response to increase in
venous return and the release of endogenous catecholamines
with both inotropic and chronotropic properties. Changes in
heart rate in response to increased metabolic demands such
as fever or exercise occur more slowly and depend on an
appropriate circulating blood volume to provide adequate
preload and normal contractility. The absence of a normal
compensatory reflex tachycardia may cause orthostatic
hypotension because of venous pooling. Vasodilation (especially resulting from vasodilating drugs or rewarming early
postoperatively) may lead to hypotension and a rapid
decrease in cardiac output because of reduced preload or
decreased afterload.
Medications that act on the autonomic nervous system
are ineffective. Digoxin loses much of its influence on heart
rate and rhythm but may be a useful inotropic agent and may
slow the sinus node. Atropine has no effect on heart rate in
the transplanted heart. Adenosine may have a more profound effect, so a lower dose is used initially. Calcium
channel blockers such as verapamil, which have negative
inotropic effects, are used cautiously. Because P-blockers
inhibit circulating catecholamines, which are important in
increasing heart rate in the transplanted heart, they may
blunt the heart rate response and are used with caution.
The ECG following cardiac transplantation will demonstrate two P waves representing both the donor sinoatrial
(SA) node and the recipient SA node, if the recipient's wall
of the right atrium containing the SA node remains in place
(Fig. 26-2). (This will not occur if the recipient's right
atrium is removed during transplantation.) Because the
impulse from the recipient SA node cannot cross the suture
line, there is no further stimulation of the conduction system
or cardiac contraction. The donor SA node initiates the
electrical stimulation through the conduction system, which
results in contraction.
Dysrhythmias are often seen in the early postoperative
period. After cardiac transplantation, children depend on an
adequate heart rate to maintain cardiac output; therefore any
dysrhythmia can have a negative consequence on cardiac
output. Bradydysrhythmias may be due to SA node dysfunction related to surgical trauma or ischemic injury during
preservation. These difficulties usually resolve with time.
Use of a temporary external pacemaker or continuous
intravenous isoproterenol will provide a faster heart rate and
enhance cardiac output. Ventricular and supraventricular
tachydysrhythmias may occasionally be seen and are more
difficult to manage. Pharmacologic therapy is limited
because the heart is denervated. Tachycardia limits the use
of many inotropic agents, and the negative inotropic effects
of most antidysrhythmics can have a deleterious effect on
contractility in the early postoperative period. Drug therapy
is used cautiously. Overdrive pacing or cardioversion may
be used as alternatives. The development of arrhythmias
after the first week posttransplant may be an early symptom
of rejection.
Prevention of Ventilation/Perfusion Mismatch.
Pulmonary perfusion and ventilation are closely monitored
in the postoperative period for patients who have received a
heart-lung or single- or double-lung transplants. Pulmonary
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Fig. 26-2
P waves.

,.

Rhythm strip after cardiac transplant. Arrows indicate recipient"s native (but unconducted)

perfusion can be assessed by monitoring end-tidal CO 2,
Ventilation can be assessed through evaluation of breath
sounds and arterial blood gases. To improve perfusion to the
transplanted lung, patients may be positioned with the
operative side down, as flow is related to gravity. Ventilation
to transplanted lungs can be enhanced by positioning the
isolated transplanted lung up. Variable positions may be
effective in improving ventilation, as airflow is compliance
dependent. If unilateral pulmonary edema is present, positioning the patient affected side down will help to optimize
arterial blood gases. When gases have improved, repositioning frequently will help to maintain ventilation.
Frequent assessment of airway clearance and provision
of thorough pulmonary toilet are essential. Suctioning is
only done above the level of the anastomosis. The patient's
ability to cough and clear the airway, chest x-ray film, breath
sounds, and characteristics of the sputum are used to guide
pulmonary care. Increased FI02 may be required to facilitate
pulmonary care. Incenti ve spirometer or other aids may help
in normalizing pulmonary function.
Alteration in Comfort. Postoperative pain management is essential to allow the child to gradually assume
independent airway control and ventilation. Pain medication
and alternative therapies (e.g., epidural catheters) are
provided in addition to supporting the parents' coping and
their ability to comfort their child. Providing rest periods
and a semblance of day-night cycling help to promote sleep.
Although isolation rooms are not required, placement of the
patient in a private room may be helpful both in the
prevention of infection and in providing a quiet, more restful
environment.

LIVER TRANSPLANTATION
Liver transplantation for children with end-stage liver
disease is currently available in many centers worldwide.
Approximately 400 children undergo liver transplantation
each year. Since 1983, liver transplantation has been
recognized as a nonexperimental treatment option for
children with end-stage liver disease. In the precyclosporine
era, 5-year survival statistics for children treated with
azathioprine were a dismal 30%. I With advances in
preservation methods, refined surgical techniques, and

improved immunosuppression protocols, some centers are
reporting beller than 90% I-year survival rates.
Indications for pediatric liver transplantation include
biliary atresia, metabolic diseases (<XI-antitrypsin deficiency,
tyrosinemia), familial cholestasis (Byler's disease, Indian
childhood cirrhosis, AlagiUe's syndrome), fulminant hepatic
failure, biliary hypoplasia, infectious hepatitis, idiopathic
cirrhosis, neonatal hepatitis, sclerosing cholangitis, congenital hepatic fibrosis, and carcinomas such as hepatoma and
hepatoblastoma. Biliary atresia is the most common indication for liver transplantation in the child (over 50% of the
cases per center).
The UNOS system for classifying liver transplant candidates by status has three categories. 4 Patients may be
assigned to status I (highest priority) when they are being
cared for in the intensive care unit and have a life
expectancy (without transplantation) of less than 7 days or
are hospitalized with OTC deficiency or Crigler-Najjar
disease type I. In addition, status I patients must have at least
one of the following criteria: fulminant hepatic failure,
mechanical ventilation, continuing or recurrent upper GI
bleeding, stage III or IV encephalopathy, refractory ascites
or hepatohydrothorax, biliary sepsis requiring vasopressor
support, primary nonfunction or hepatic artery thrombosis
of a graft, acute decompensated Wilson's disease, or
hepatorenal syndrome. Status lIB patients must have
documented, unresponsive GI bleeding, hepatorenal syndrome, bacterial peritonitis, refractory ascites or hepatohydrothorax, recurrent cholangitis, growth failure, ornithine
transcarbamoylase (OTC) deficiency, or Crigler-Najjar disease type I. All other patients are listed as status III.
Although the number of livers available to be transplanted has remained about the same in recent years, the
number of UNOS-listed patients continues to climb every
year. 47 The shortage of pediatric-sized organs and concerns related to preventing unnecessary deaths has led
researchers to explore methods for expanding the donor
pool.47 Deviations from the standard orthotopic liver transplantation procedure have been developed by producing
volume-reduced grafts based on segmental anatomy. These
modifications are referred to as technical-variant liver
transplantation. Currently, four procedures are being practiced for liver grafts, including the standard orthotopic
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whole liver transplant, reduced-sized liver transplantation
(RSLT), split-liver transplantation (SLT), and living-related
transplantation (LRT). The use of University of Wisconsin
(UW) solution has lengthened acceptable cold preservation
time to 18 to 24 hours, providing recovering surgical teams
additional time required to prepare recovered organs for
RSLT and SLT procedures 48 All of these procedures are
orthotopic procedures, which means replacement of the
native liver with the allograft. Back table preparation of the
newly recovered liver includes identifying vessels, reducing
graft size, and sending tissue for pathology examination of
graft quality before the recipient operation.

Liver Transplantation Procedures
The standard orthotopic liver transplant procedure involves removal of the diseased organ and replacement
with a donor organ in three stages: recipient hepatectomy
phase, anhepatic phase (recipient liver is removed and
graft is implanted), and reperfusion phase (achievement
of hemostasis and reconstruction of the hepatic artery
and biliary tract). After the child has been anesthetized
and positioned, a bilateral subcostal incision with xiphoid
extension and removal of the xiphoid process are performed. The suprahepatic inferior vena cava (lYe), the
infrahepatic lye, the portal vein, the hepatic artery, and,
when present, the common bile duct are isolated and then
clamped, after which the native liver is removed. This
begins the anhepatic phase, which ends when the donor liver
is reperfused. For children over 25 10 30 kg, venovenous
bypass is sometimes used to provide more stability during
the anhepatic phase. 48 As an alternative, vena cava flow can
be preserved by ligating the hepatic veins individually and
preserving the vena cava for segmental or "piggyback"
implantation. 48
During the hepatectomy and anhepatic phases of a
standard transplant, four vascular anastomoses are completed: (I) suprahepatic rYe, (2) infrahepatic lye, (3) portal vein, and (4) hepatic artery. After completion of the
infrahepatic lye anastomosis, the donor liver is flushed
with cold lactated Ringer's solution to remove air and the
preservation solution. The reperfusion phase occurs once the
portal vein anastomosis is completed and portal venous
blood flow is reestablished to the graft. A color change in the
allograft can be observed. Patchy areas of poorly perfused
parenchyma may persist until the hepatic artery anastomosis
is completed. Hemostasis is achieved during this operative
phase by suture ligation and cautery.48
Currently, transplantation of the liver in children is done
most often using a procedure called the piggyback hepatectomy, whereby the recipient's lye is preserved. The native
liver is removed with preservation of the recipient lYe. The
graft is connected to a confluence of recipient hepatic veins
(end-to-side "piggyback" to the skeletonized recipient vena
cava) and then to the arterio-aortic anastomosis.
After arterial reconstruction, bi liary anaslOmosis is done.
Biliary reconstruction in pediatric recipients is typically
performed with a Roux-en-Y limb of intestine (choledocho-
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jejunoslOmy), as the patient's native bile duct is usually
absent or inadequate in most children undergoing transplant.
In children with an adequate common bile duct, duct-to-duct
anastomosis may occur using a T tube to stent the bile duct
of the recipient. Yascular anomalies may require complex
arterial reconstructions or interposition grafts to the aorta.
Jackson-Pratt drains are placed under the diaphragm, and
the incision is then closed.
RSLTs involve cutting a whole liver and using the left
lobe for pediatric recipients. Although RSLT provides an
appropriate-size graft for the pediatric population, it does
not increase the number of recipients. Reducing the size
simply transfers it from the adult recipient pool to the
pediatric pool without increasing the overall supply of
organs.
The first transplantation with a reduced-size donor organ
liver graft was performed by Bismuth and Houssin in
1984.49 The procedure requires two surgical teams: one to
perform the graft reduction and one to perform the recipient
hepatectomy. Preparation of the graft involves dissection of
the bile duct system, followed by the hepatic artery, portal
vein, and hepatic veins. The recipient procedure parallels
standard orthotopic liver transplantation, except when there
is significant disproportion in donor organ size, in which
case the recipient lye is preserved and the donor liver is
placed in a "piggyback" position with only one caval
anastomosis to the recipient hepatic veins. 48
The SLT technique evolved from reduced-size liver
transplants. The first SLTs occurred in 1988 simultaneously
in the United States and Europe. 50 Initial results were
discouraging, and the procedure was almost abandoned;
however, the European clinicians continued to modify their
techniques. The advances included improved microsurgical
techniques using high magnification to repair blood vessels
and radiologic assessment of the graft using dyes to
facilitate the mapping of the vessels. Livers may be
removed from the donor and split into the right and left
lobes or split in situ in the donor. The right side of the
liver is almost always large enough for an adult recipient, and the smaller left side is given to the pediatric
recipient. The donor liver graft is prepared in the recipient
operating room, where hepatic resection is performed
through the principal fissure between the right and left
lobes. The right lobe graft is identical to that prepared for
a reduced-sized graft, retaining the portal vein and hepatic
artery. The left lobe graft usually requires vascular interposition grafts 50
LRThas evolved from the SLT procedure. Using a living
donor increases the donor pool of available organ segments
and allows intense and thorough evaluation of the donor
organ, thereby reducing the risk of graft nonfunction. 5 The
donor (usually a parent) undergoes a left lateral segment
hepatectomy, which is prepared as in SLT. Implantation of
the graft is similar to the split-liver procedure (Fig. 26-3).
The procedure usually requires venous grafts to bridge the
gap between the donor and recipient hepatic arteries and
portal veins. 48 The donor evaluation is usually conducted by
a physician who is not a member of the transplantation team.

902

Part IV Final Common Pathways

A

Venous blood travels to liver from intestines

Donor hepatic vein
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Fig. 26-3 Living donor liver transplant procedures. A, Left lateral segment of donor is divided at the
falciform ligament. Left hepatic vein and shan segments of left ponal vein (or hranch) and left hepatic
artery (or branch) are transected. B, To provide tension-free vascular anastomoses, parenteral or
cryopreserved donor veins are used as the portal vein and hepatic artery. Orientation of grafts with
choledochojejunostomy on the right is similar to cadaveric segmental implants. (From Colombani P:
Liver transplantation. In O'Neill JA, Rowe MI, Grosfeld JL et ai, eds: Pediatric surgery, St Louis, 1998,
Mosby, p 598.)

The initial screening includes a comprehensive assessment
of the potential donor and morphologic assessment of the
potential graft, including informed consent, medical and
psychiatric examinations, computed tomography volumetrics, and arteriography.48
Living-related grafts have been used most often as
primary grafts for stable (non-PICD patients) recipients
under the age of I year. Segmental grafts have had outcomes
comparable with size-matched whole pediatric liver grafts
for survival rates 51 In a consecutive series of 97 pediatric

recipients, no differences were seen in patient and graft
survival observed between patients who received a standard,
full-size graft and those who received a technical-variant
transplantation. However, those with technical-variant grafts
experienced more biliary complications, increased sepsis,
and higher postoperative intervention rates. 52 The regenerative capacity of the liver is such that the donor liver is
restored to its ideal mass in about 6 weeks 47 A significant
consideration in the use of living-related grafts is the
inherent risk of death for the donor. In many centers, the
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frequency of LRTs has decreased with the increase in
success of SLTs 50

Postoperative Care Following
Liver Transplantation
A preliminary nursing assessment is completed before
admitting the patient to the PICU. This assessment includes
an evaluation of preexisting disease factors and significant
psychosocial information. At the time of transplant, the
child may have numerous physical signs and symptoms,
including bleeding, severe ascites, pruritus, hepatorenal syndrome, malnutrition, and hepatic encephalopathy. Knowledge of the child's developmental status and family dynamics at the time of transplant assist with meeting identified
psychosocial needs.
The admission process for the postoperative liver transplant patient is similar to patients with any major abdominal
surgical procedure. Isolation procedures are required only
with those patients known to have preexisting, colonized,
drug-resistant body flora (e.g., methicillin-resistant S. aureus [MRSAj, vancomycin-resistant enterococcus [VRE]).
Standard PICU monitoring is used. A central line is used to
continuously monitor central venous pressure (CVP); PA
catheters are infrequently inserted.
"Liver ARCs" are completed first. A is for aeration. As
with any patient, airway management is the first priority. All
patients will return to the PICU intubated and supported on
a ventilator. B is for blood pressure. A cuff blood pressure
check is a priority; hypertension or hypotension is a
common postoperative assessment finding. C is for coagulopathies. All drains and incision sites are carefully assessed
for bleeding. The patient's prothrombin time (PT), partial
thromboplastin time (PIT), and platelet counts are assessed
at admission.
Coagulopathies and technical aspects of liver transplantation can precipitate the need for massive intraoperative
transfusions. The lengthy 4- to 18-hour operation, or the use
of massive volume exchange, and prolonged bowel exposure can predispose the patient to hypothermia. Normothermia can be achieved with heating lamps or a warming
blanket.
After the liver ABCs, a quick system check is performed.
The incision and Jackson-Pratt drainage are assessed. The
incision is often covered with an occlusive dressing. The
dressing should be dry and intact. The patient returns from
the operating room with Jackson-Pratt drains in place,
strategically positioned to prevent or allow early recognition
of complications. The lateral drain on the right side of the
patient is placed posteriorly in the right subdiaphragmatic
space. This drain allows the dome of the right lobe to seal
agai nst the diaphragm. The second drain on the right is
placed under the right hepatic lobe, leading up to the area of
the bile duct anastomoses. This drain allows the assessment
of a bile leak. The third drain, on the patient's left side, is
positioned in the posterior aspect of the left subdiaphragmatic space. Initially, drainage is bloody. Later, unusual
bloody drainage could be observed in any of the JacksonPratt drains. Drains are emptied every 2 hours. The
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hematocrit of the drain contents is checked if drainage is
excessive.
Laboratory tests are drawn expediently. Routine laboratory tests include hematology studies, a coagulation profile,
electrolytes, liver function tests, and an arterial blood gas. A
chest radiograph is obtained as well.
The admitting nurse receives a complete report from
anesthesia. The report includes organ ischemic time, the
length of surgery, current laboratory values, and a summary
of the operative course, including complications. The
intraoperative use of venovenous bypass is inCluded in the
operative report. If a reduction hepatectomy was performed,
assessment for signs of increased bleeding, biliary fistulas,
and infection from the raw surface is appropriate because
the incidence of these complications is greater with reducedsized grafts. 52 If a LRT is performed, the nurse should
receive information about the donor's condition.
The most significant and life-threatening immediate
complication that can occur is primary nonfunction of
the graft. Poor initial function may be associated with
a phenomenon called primary graft dysfunction from
ischemia-reperfusion injury in the donor organ during the
preservation period. In some of these cases of primary graft
failure, an urgent need arises for retransplantation.
Report on the visible condition of the liver is useful
information. The allograft should change from a pale tan
color to reddish-brown after anastomoses are complete.
After the arterial grafts are anastomosed, bile production
should occur. If hyperbilirubinemia exists preoperatively,
the urine appears dark orange in the early postoperative
period. The presence of these signs are excellent early
prognostic indicators of graft function.
For the first 5 consecutive days after placement, graft
function is assessed by ultrasound and liver biopsy (when
necessary). The ultrasound is used to assess vessel patency
and bile duct dilation. Concern is raised if the resistive index
of the hepatic artery is estimated to be less than 0.5 on
ultrasound. Other signs of poor graft function may include
hypotension, hyperkalemia, hypoglycemia, coagulopathies,
and decreased level of consciousness.
Liver function tests are helpful in assessing graft function
as well (Table 26-4). Alanine aminotransferase (ALT),
which is present in liver, kidney, heart, and skeletal tissue,
should be less than 40 in children. Increased ALT may
indicate acute hepatic rejection. Elevated aspartate aminotransferase (AST) (present in liver, heart, kidney, pancreas,
and brain tissue) may indicate ischemic injury, such as that
occurring with hepatic artery thrombosis. AST is the
last enzyme level to return to normal following injury.
y-Glutamyl transpeptidase (GGTP), present in liver, kidney,
prostrate, and spleen tissue, is normally less than 44 in
children. Elevation of GGTP may indicate bile duct
obstruction. Alkaline phosphatase (ALP) varies with age
because of increases during periods of rapid growth but may
also indicate hepatobiliary tract obstruction if elevated.
Because bilirubin is metabolized in the liver, elevations of
total bilirubin indicate liver disease or bile duct obstruction.
(See further discussion of liver failure and liver function
testing in Chapter 22.)
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(t) TABLE 26·4

Liver Function Tests

Biochemical
Indices

Newbornllnfant
Values

Child
Values

Alanine aminotransferase
(ALT)/(SGPT)

<50 lUlL

<40 lUlL

Aspartate aminotransferase
(AST)/(SGOT)

<50 lUlL

<40 lUlL

Alkaline phosphatase (ALP)

Newborn: <310
lUlL
I mo-I yr: <360
lUlL

1-9 yr: <290 lUlL
10-14 yr: <400
lUlL
>14 yr: <125 lUlL

y-Glutamyl
transpeptidase
(GGTP)
Ammonia
Direct bilirubin
Total bilirubin
Prothrombin time
(PT or protime)
Activated partial
thromboplastin
time
(APTT or PTT)
Total protein
Albumin

<120 lUlL

<44 lUlL

42-51 lLmollL
0.0-0.6 mg/dl
1-12 mg/dl

9-38 lLmol/L
0.0-0.3 mg/dl
0.2-1.3 mg/dl
10-12.8 seconds
24.4-33.2 seconds

4.4-7.3 g/dl
2.9-5.5 g/dl

6-8 g/dl
3.8-5.4 g/d!

From UPMC Health System. Department of Pathology: Laborotory
i"/ormatio,, manual. Pitt'burgh, 1998, Clinical Laboratories.
SGPT, Serum glutamic-pyruvic transamina«; SGOT, serum glutamicoxaloacetlc transaminase.

With a well-functioning graft, the patient may be
normotensive or hypertensive. Laboratory values may
reveal normoglycemia and resolving hypokalemia, hypocalcemia, and coagulopathies. The child should wake up 4 to 6
hours after admission to the PICU. Some patients who were
encephalopathic before transplant require more intensive
neurologic examinations. The patient's fluid status is reviewed. Because of third-space loss, the need for intraoperative fluid resuscitation is common. Several blood volume
replacements may need to be administered. Within 48 hours
after admission to the PICU, the patient should have
diuresis.
Intraoperative medications are reviewed. The transplant
operation is lengthy, and changes in anesthesia personnel
often occur. During report, immunosuppressive medications
and doses are double-checked by the nurse and operating
room personnel. Pharmacologic therapy is extensive and
includes immunosuppressive agents, PCP prophylaxis, antacids, antibiotic prophylaxis for several days, Candida prophylaxis, hepatic artery thrombosis (HAT) prophylaxis, and,
possibly, selective decontamination of the digestive tracl.
(See promotion of graft tolerance and immunosuppression.)

Significant Postoperative Issues
or Complications
Organ-Specific Rejection: Liver. Acute and chronic
rejection can occur after hepatic transplantation. Acute, or
cellular, rejection is characterized by the invasion of
mononuclear cells in the portal triads. (See discussion of
promotion of graft tolerance and rejection also.)
Symptoms of rejection are variable and often vague.
Symptoms commonly include fever, abdominal pain, and
graft tenderness; flushed skin, tachypnea, distended abdomen, irritability, loss of appetite, diarrhea, myalgia, and
septic appearance also occur. Subsequent swelling and
edema of the graft with increased vascular resistance may
lead to variceal bleeding or hepatic artery or portal vein
thrombosis. Changes in liver function laboratory studies
may provide the first indication that rejection is occurring
(see Table 26-4). An early but nonspecific indicator of
rejection may be a rapid increase in GGTP levels. A
subsequent increase in serum bilirubin and ALP and variable
changes with ALT and AST levels may be observed. A liver
biopsy may be performed if rejection is suspected and the
patient is unresponsive to medical therapy. With acute
rejection, some degree of mononuclear cellular infiltrate in
the portal tracts is found on biopsy.
With chronic rejection, there is disappearance of the
intrahepatic bile ducts with varying degrees of bridging
fibrosis. However, the liver has significant regenerative
capacity and may recover function even after severe
rejection. Therefore chronic rejection occurs less often in
liver recipients (less than 10% of pediatric patients) than in
heart, kidney, and lung recipients. 48
Because acute rejection is usually cell mediated, episodes
can be managed with increased immunosuppression. Some
centers also use induction therapy, with monoclonal antibodies or polyclonal globulins, for treatment of rejection.
Although acute rejection is common early in the posttransplantation period, triple-therapy immunosuppression has
helped to reduce the number and severity of acute rejection
episodes.
Infection. Infectious complications continue to be a
very significant cause of postoperative morbidity and
mortality in pediatric liver recipients, with up to 50% of
children affected. 48 Posttransplant infections are discussed in detail in the sections on heart-lung postoperative
issues. In liver transplant patients, early infections are
often bacterial and may originate in the abdomen related
to local ischemia, the incision, associated bleeding, or
bowel contamination or are from indwelling catheter
infections, the lungs, or the urinary tract. Children with a
failed Kasai procedure are prone to recurrent episodes of
cholangitis. 42 As most children undergo Roux-en- Y choledochojejunostomy, intraoperative infectious complications
include contamination of the bile ducts with yeast and
bacteria. 42
Infectious complications associated with HAT generally
occur within the first 30 days after transplant. 42 HAT can
precipitate areas of necrosed liver, abscesses, and bacteremia. Bile duct strictures with resultant cholangitis can
occur following HAT. Technical difficulties may necessitate
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reexploration of the abdomen wi th associated increased
incidence of fungal infection.
Viral, protozoal, and fungal infections, including CMV,
EBV, and PTLD, are also common infectious agents in the
liver transplant recipient. As a result of effective prophylaxis, PCP and CMV infections in transplant recipients has
declined. 53 PTLD occurs in 5% to 20% of liver transplant
recipients. 48 Incidence appears to relate to exposure history
of the donor and recipient and the type and amount of
immunosuppression. Mortality is high; patients are treated
with significant reduction or withdrawal of immunosuppression and antiviral agents.
Most posttransplant infections can be treated. Antibiotic
and antiviral prophylaxis and early recognition of symptoms
of infection have contributed to a decrease in morbidity and
mortality in transplant recipients in the last decade.48
Ineffective Airway Clearance and Breathing Patterns Resulting in Impaired Gas Exchange. Pulmonary assessment includes frequent auscultation of breath
sounds, interpretation of arterial blood gases, and monitoring of chest x-ray films. The child's coagulation status
determines the appropriateness of chest physiotherapy.
Gentle chest physiotherapy is performed if coagulopathies
persist. Once hemostasis is achieved, aggressive chest
physiotherapy is initiated.
Because of the liver-lung relationship, patients with fulminant and chronic hepatic failure may manifest pulmonary
signs of the failing liver. The pulmonary effects of chronic
liver disease are more prevalent in the adult population;
however, such complications have been reported in children. 54 Pleural effusions and arteriovenous collateral vessels
with ventilation/perfusion mismatch and resultant intrapulmonary shunting are reported complications.
Ineffective airway clearance is related to the long
abdominal procedure, large transverse abdominal incision,
and postoperative pain. Ineffective breathing patterns may
be related to diaphragm paralysis and abdominal distension
secondaIy to ascites, large donor liver, or bleeding. The goal
is to wean ventilator support within the first postoperative
day; at least 50% of the patients are extubated by the end of
the second postoperative day. However, many of the
children experience collapse of the right upper and right
middle lobes of the lung. Phrenic nerve paresis caused by
clamping of the upper vena cava and right mainstem
bronchus intubation contribute to lobar collapse. Also, the
potential for diaphragmatic paralysis exists if the right
phrenic nerve is injured during surgery. An elevated
diaphragm, seen on chest x-ray film, and decreased expansion of the right lower lobe with spontaneous respiration
may indicate phrenic nerve damage. Generally, if the child
is unable to tolerate extubation twice, an ultrasound
examination is used to confirm the suspected diagnosis. In
addition, poor nutritional status preoperatively may contribute to delayed weaning.
Persistent ascites may also limit tidal volume and impair
ventilation. A large donor liver, as well, may reduce
intrathoracic space and tidal volume. Emergent indications
for liver transplantation may necessitate widening the
candidate's weight range with an increased mismatch in
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donor to recipient size. Inability to close the abdominal
incision may further impair the patient's respiratory effort
because supportive musculature and associated resistance
will not assist the patient's ventilatory efforts.
Impaired gas exchange may be related to right pleural
effusion and intrapulmonary shunting. Preoperative ascites
may promote rapid fluid accumulation postoperatively. The
sympathetic response observed with acute rejection may
increase ascites accumulation 55 Treatment measures include the use of diuretics, albumin administration with
diuretics, and drainage of the accumulated pleural fluid by
thoracentesis or insertion of a pigtail catheter in the pleural
space.
Pulmonary infection is common. Common viral organisms include CMV, respiratory syncytial virus, adenovirus,
herpes simplex, and herpes zoster. Pulmonary Aspergillus
and systemic candidiasis may contribute to pulmonary
dysfunction.
Alterations in Tissue Perfusion. Beyond evaluation of airway and ventilation, close monitoring of vital
signs, hemodynamics, hemoglobin and hematocrit, intake
and output, and peripheral perfusion (including postoperative evaluation of pretransplant encephalopathy) and careful
observation for signs and symptoms of hemorrhage are vital.
Park and colleagues56 described the hemodynamic profile of 73 children with chronic Ii ver disease. Eighty-two
percent of the children had high cardiac output with a
cardiac index greater than 4 L/minJM 2 In four of the
children, there was evidence of intrapulmonary and arteriovenous shunting. After transplant, cardiac index decreased
by a mean of 35% (P < .001). The authors concluded that
transplantation improved chronic hemodynamic abnormalities (hyperdynamic state) in children with chronic liver
disease.
Greater than 70% of liver transplant recipients experience hypertension, with approximately 10% of these patients requiring long-term antihypertensive medications. 55
Mean arterial blood pressure in excess of 90 mmHg or
systolic blood pressure greater than 140 mmHg requires
treatment. Severe hypertension is most problematic within
the first postoperative week.
Several hypotheses exist regarding the cause of hypertension in liver transplant patients. These include alterations
in renin levels and immunosuppressant administration.
Vigilant nursing assessment of blood pressure will ensure
prompt treatment and minimize associated side effects,
which include seizures, subarachnoid hemorrhage, intraparenchymal hemorrhage, and coma.
Pharmacologic treatment of hypertension is institution
specific. Initially, the use of a nitroprusside infusion may be
necessary. Intravenous and oral drug therapy may include
use of renin-angiotensin inhibitors, peripheral vasodilators,
~-blockers, and a-adrenergic blockers. Commonly used
antihypertensives include nifedipine (Procardia), hydralazine (Apresoline), captopril (Capoten), and labetalol (Normodyne). Combination therapy is often prescribed. (See
management of hypertension in Chapter 18.)
Hypotension is infrequently seen and is usually associated with complications, for example, hemorrhage, graft
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failure, or sepsis. Patients may bleed from anastomotic sites
or the cut edges of segmental grafts. With graft dysfunction,
coagulopathies will persist despite ongoing administration
of fresh-frozen plasma, platelets, and crystalloids. Blood is
drained from the abdomen using multiple drains while
coagulopathies are corrected. Hypotension in the presence
of primary graft dysfunction is associated with alterations in
blood chemistry. Hypotension after the first 72 hours may be
an indication of intraabdominal sepsis. Hematology laboratory tests, coagulation profile, and serum pH are monitored
if hypotension exists.
Abdominal drainage and incisional oozing are carefully
assessed. The abdominal girth is assessed as frequently as
every hour. If drainage from the Jackson-Pratt is excessive,
a hematocrit of the drainage is obtained. Drainage of greater
than 80 mllkg/hr and decreased hemoglobin and hematocrit
values usually indicate surgical bleeding. Intraabdominal
bleeding and increased abdominal girth impede venous
return and may impair effective ventilation and oxygenation. If the patient was already extubated, mechanical
ventilation may need to be reestablished. Blood and fluid
replacement is ongoing. Often vasopressor therapy is
prescribed to maintain an acceptable blood pressure. If
surgical bleeding is suspected, the child returns to the
operating room for an exploratory laparotomy. If findings
suggest graft failure, the patient is relisted for a replacement
graft. Fluid resuscitation may be ongoing until retransplantation occurs.
HAT occurs in 5% to 30% of pediatric patients and can
lead to graft failure if adequate collateral circulation is not
established. HAT is suspected if liver function studies do not
begin to decrease within the first 48 hours after transplantation. HAT may cause biliary tract necrosis and secondary
cholestasis, biliary stricture, and recurrent sepsis. In one
third of the cases, the patient may be asymptomatic. 57
Symptoms occur in three forms: fulminant hepatic failure
with liver gangrene, biliary complications such as a bile leak
or biliary stricture, or chronic bacteremia with visible
intrahepatic abscesses. Portal vein thrombosis may also
occur.
Several causes of HAT are documented. Tzakis and
Stanl 57 report that HAT is usually caused by technical
problems, with contributing nontechnical factors. A lower
incidence of HAT is associated with transplantation of liver
fragments resulting from the larger size hepatic artery.
Treatment measures are initiated in the immediate
postoperative period to prevent HAT. Within 12 hours after
transplantation, daily ultrasound and Doppler examinations
are initiated to evaluate vessel patency. Additional diagnostic studies such as angiogram and liver biopsy may be
performed. Patients at risk because of technical difficulties
or other factors are placed on a protocol to maintain and
enhance blood flow through anastomoses. If a patient is
believed to be at high risk for development of HAT, a
heparin infusion may be initiated early in the postoperative
period. Subclinical anticoagulation is achieved with intravenous dextran 40 (Gentran 40), subcutaneous low-dose
heparin, oral aspirin, or dipyridamole (Persantine.) Dextran

40 draws water from the extravascular space, decreasing
blood viscosity and platelet adhesiveness. Rapid corrections
of coagulopathies are avoided. The patient's hematocrit is
maintained at 30% to minimize the incidence of HAT.
In some centers, hyperbaric oxygen (HBO) therapy is
used as an adjunct to anticoagulation. The hyperoxygenation
associated with this therapy is thought to decrease ischemicreperfusion injury or minimize the effects of any decreased
blood flow to the liver. Patients with HAT in one study were
treated within 24 hours of diagnosis with HBO therapy
twice daily for 2 weeks or until symptoms resolved. Perhaps
by aiding collateral development, HBO significantly delayed retransplantation but did not significantly affect
survival or retransplantation rates. 58 If medical management
is unsuccessful, HAT is treated in the operating room with
reanastomosis or retransplantation in primary graft failure.
Altered Renal Function. Impairment in renal function is common postoperatively as a result of fluid shifts;
persistent hypoproteinemia; diuretics; tense abdominal pressure affecting renal filtration pressure; and numerous
nephrotoxic agents, such as immunosuppressants and antibiotics. Patients are at risk for intravascular volume
depletion related to massive ascites or significant blood loss
caused by abnormal coagulation. In the immediate postoperative period, fluids are restricted. Fluid balance and blood
urea nitrogen (BUN)/creatinine ratio should be monitored
closely.
Oliguria is reported in over 50% of liver transplant
recipients on postoperative day I or 2. 55 Management of the
patient includes fluid restriction, diuretics, and low-dose
dopamine. Crystalloid replacement may be useful for
ensuring adequate intravascular volume; however, rarely is
urine output increased. Additional fluids are administered
with caution because fluid overload may precipitate edema
and ascites and worsen hypertension. Both cyclosporine and
tacrolimus are known to have nephrotoxic effects, so careful
monitoring of drug levels is important.
Polyuria rarely occurs but may be seen in patients
recovering from hepatorenal failure or acute tubular necrosis. Hepatorenal syndrome is associated with liver failure
and is usually irreversible.
Metabolic and Nutritional Deficits. Common
electrolyte derangements seen after transplant include hypocalcemia, hypokalemia or hyperkalemia, hypoglycemia
or hyperglycemia, and hypomagnesemia. Electrolyte, calcium, and serum glucose levels are obtained every 6 hours.
Hourly glucometer readings are obtained until normoglycemia is achieved.
Hypokalemia occurs more often, but hyperkalemia may
also be present after surgery. Potassium is usually not added
to intravenous fluids because of the risks of renal failure and
possible graft necrosis with a resultant increase in serum
potassium.
Hypocalcemia occurs frequently in patients. Causes of
hypocalcemia include citrate intoxification from the large
quantities of blood products administered, hypoproteinemia,
and liver membrane damage with subsequent shift of
calcium from the extracellular to the intracellular space and
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decreased ionized calcium resulting from metabolic or
respiratory alkalosis.
A "syndrome" of hypertension, metabolic alkalosis, hypematremia, hypokalemia, and relative oliguria has been described. 59 Proposed causes include large citrate load, multiple doses of diuretics, and nasogastric suction. However,
none of these adequately explains the "syndrome," because
it is short lived. Preoperative respiratory alkalosis may be
replaced by postoperati ve metabolic alkalosis as a result of
the citrate load in the blood products, nasogastric drainage,
fluid restriction, and diuretic therapy.
Hypomagnesemia is common with end-stage renal disease and can be exacerbated in the early postoperative
period. Magnesium-containing antacids, oral magnesium
gluconate, and intravenous magnesium sulfate may be
prescribed. Effects of magnesium on blood pressure may be
direct or through the influences on the internal balance of
potassium, sodium, and calcium. Hypophosphatemia may
be observed. Increased phosphate needs of the allograft for
the repletion of adenosine triphosphate may be the contributing factor.
Total parenteral nutrition is usually initiated within 24
hours postoperatively. Feedings are initiated as soon as
postoperative ileus resolves. Malabsorption and diarrhea are
common problems experienced postoperatively. Causes of
infectious diarrhea include CMV, Clostridium difficile. and
other enteric organisms. The malabsorption syndrome may
be transient, with an unclear etiology. Hypothesized causes
include manipulation of the bowel during surgery and
immunosuppressive drugs.
Biliary Tract Complications. Complications of biliary tract anastomosis occur in up to 20% of patients. 48
Strictures may occur, resulting in biliary obstruction.
Hepatic abscesses can occur if biliary obstruction is not
detected. Cholangitis and bile leaks also occur. Bile leakage
results most often from the cut edges of segmental grafts or
at the jejunal anastomosis. Symptoms of bile leakage
include fever, bacteremia, alteration in liver function tests
(LFTs), and evidence of fluid collection on ultrasound.
Treatment involves reoperation to repair or revise the biliary
tract anastomosis.
HAT should be suspected in patients with biliary
complications because arterial blood is the principal blood
supply to the bile duct graft. In the patient with a T tube, the
nurse may observe biliary sludge in the drainage. Sludge is
a chalklike substance composed of organic fibrous matrix
from the sloughing of the bile duct lining. Cholangitis and
biliary tract obstruction can occur with severe biliary
sloughing.
Altered Skin Integrity-Skin and Wound Issues.
The skin and visceral layers are generally closed. Normally,
the abdominal dressing is removed after 24 hours ,and the
incision is left open to air to promote healing. If donor liver
size or bowel edema precludes surgical closure, complex
wound care is required. An enterostomal therapy consult can
assist the bedside nurse and surgeons in providing optimal
wound care. Dressing changes over draining wounds are
required frequently and are accomplished with the use of
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Montgomery straps to limit patient discomfort associated
with tape removal (see Chapter 16).
For the majority of pediatric patients, a Roux-en-Y
biliary reconstruction is indicated; therefore a T tube is not
usually inserted. If present, T tube drainage is carefully
assessed, with normal drainage appearing bilious. Absence
of a color change in the drainage may indicate graft
dysfunction.
Alterations in Comfort. After liver transplantation,
the goal of pain management is to achieve a balance between comfort and ability to assess the patient's level of
consciousness, as hepatic metabolism of pain medication
may be impaired. The importance of evaluating mental status is crucial because graft function is imperative for metabolizing narcotics. Small IV narcotic doses are preferable to
the use of benzodiazepines or phenothiazines because in an
emergency, narcotic antagonists can be used to reverse the
narcotics and permit evaluation of hepatic encephalopathy.
Variations in narcotic dosing for pain management are
found among transplant centers. In some centers, the
administration of narcotics is generally avoided, and when
they are used, they are prescribed in reduced doses. Once the
liver demonstrates adequate functioning, with the patient
awake and complaining of pain, narcotics can be administered safely.

INTESTINAL AND MULTIVISCERAL
TRANSPLANTATION
Intestinal failure is described as the inability to maintain
nutritional intake and normal fluid and electrolyte balance
without artificial means or total parenteral nutrition (TPN).
Usually, failure occurs following significant loss of GI
absorptive function (massive resection) or major functional
abnormalities of the enterocytes, smooth muscle, or enteric
nervous system. 60 The most common cause of intestinal
failure in the pediatric population is short bowel syndrome
resulting from surgical correction of congenital or acquired
defects such as gastroschisis, midgut volvulus, intestinal
atresia, or necrotizing enterocolitis. Functional causes for
intestinal failure include disorders of motility such as
chronic pseudoobstruction or Hirschsprung's disease resulting from disorders of smooth muscle, enteric nervous
system, or total aganglionosis or disorders caused by
abnormal enterocyte function, such as microvillus inclusion
disease and radiation enteritis.
Although TPN has been a lifesaving therapy enabling
children with intestinal failure to survive many more years,
lifelong TPN may initiate a host of serious complications,
including sepsis, TPN-induced hepatic dysfunction, metabolic disorders, loss of venous access, and pulmonary
embolism. Thus far, the majority of candidates have
required liver and small bowel transplants because of the
resultant cholestasis from long-term hyperalimentation use.
Intestinal transplantation is viewed as a procedure that
improves the quality of life, similar to kidney transplantation. 60 Intestinal transplantation, either alone or as a
composite graft with other intraabdominal organs, is re-
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served for children with irreversible intestinal failure who
develop life-threatening complications related to TPN or
anatomic defects. 61
Intestines may be transplanted as an isolated intestinal
graft (intestinal failure alone), as a combined intestine and
liver graft (intestinal failure with hepatic dysfunction), or as
part of an abdominal multivisceral graft (extensive abnormalities of the GI tract and other organs). The status of the
other abdominal organs determines which organs will need
to be implanted in a multiorgan graft. Multivisceral transplants may include the stomach, liver, pancreas, spleen,
duodenum, and small bowel. Segments of the large bowel
may also be implanted but have been discontinued in at least
one center because of colon-related complications, including severe graft rejection and increased incidence of
infection 60 (Fig. 26-4). The combination of advanced
surgical techniques and the introduction of the immunosuppressant tacrolimus (formerly FK506) into clinical use
greatly increased survival rates for the liver and small bowel
graft or isolated small bowel transplant recipients. Data
concerning small bowel transplantation began to be reported
to UNOS in 1994. From 1994 to 1998, 173 of 249 intestine

transplants were reported to have been performed in
children ages 0 to 17 years 4
Each candidate is unique, and evaluation is tailored by
the transplant team following confirmation of the diagnosis
of intestinal failure. A thorough, multidisciplinary evaluation is done. Evaluation includes intestinal assessment
(anatomy, upper and lower GI barium and motility studies,
bowel histology), hepatic assessment (LFTs, albumin,
alpha-fetoprotein, PT, PTT, ultrasound, histology), vascular
access (Doppler ultrasound of central veins), nutritional
evaluation, infection screening, and other studies (CBC,
type and cross, BUN, creatinine, chest radiography, echocardiogram, ECG, ventilation/perfusion scan). Contraindications for small bowel transplantation include uncontrolled
sepsis; malignancy elsewhere in the body; HIV infection;
and severe cerebral, cardiac, or respiratory disease.
Many children who require a combined liver and small
bowel transplant will die from liver failure while awaiting a
donor because of the shortage of age- and size-matched
donor organs. 61 These candidates are listed according to
current UNOS intestine criteria. Status I patients have liver
dysfunction and line access problems as evidenced by no

Fig. 26-4 Types of intestinal transplantation. Combined intestine and liver graft (left); abdominal
multi visceral graft (middle); isolated intestinal graft (right). Large bowel (shaded area) could be
included as a composite of intestinal graft, although rarely done because of colon-related complications leading to poor patient outcome. IVC, Inferior vena cava; pv, ponal vein; HA, hepatic anery;
SA. splenic anery; SMA, superior mesenteric anery; SMV, superior mesenteric vein. (From Todo S, Reyes l:
Intestinal transplantation. In O'Neill lA. Rowe MI, Grosfeld lLet aI, eds: Pediatric surgery. St Louis, 1998.
Mosby, p 607.)
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access through the subclavian, jugular, or femoral veins.
Status 2 patients have no liver dysfunction and have line
access available in standard sites. The candidate may be
listed for an isolated intestinal graft, if cholestatic liver
disease is not present. If the child needs a liver graft, the
child is also listed with UNOS as a liver candidate. The ideal
donor is of the same blood type and of the same size or up
to 25% variance from the recipient. HLA matching is
random and not considered in recipient selection. Transplantation of CMV-positive liver and small bowel into a
CMV-negative recipient is not even considered unless the
recipient is dying of liver failure.

Intestine and Multivisceral Transplantation
Procedures
Grafts used in intestinal and multivisceral transplantation
are cadaveric with the exception of rare living-related
isolated intestinal transplantation. 60 Donor selection is
similar to the criteria for other organs. Because intestinal
mucosa is sensitive to ischemia, transplant surgeons are
cautious in using donors with a history of prolonged
hypotension or cardiac arrest. Donors receive gut decontamination through a nasogastric tube, as well as intravenous antibiotics. After graft retrieval, the lumen is irrigated
again for decontamination if the colon is included in the
graft.
Recipients require routine gut decontamination and
antibiotic prophylaxis as well. In an isolated intestinal
transplantation, the graft is revascularized by an anastomosis of the superior mesenteric artery of the graft to the
infrarenal aorta. Donor vein grafts may be used for venous
reconstruction. Each end of the graft is anastomosed to the
recipient bowel. A jejunostomy tube is placed for venting
and eventual initiation of enteral feeding. A terminal
ileostomy is used to facilitate endoscopic examinations and
biopsies.
Procurement of an abdominal multi visceral composite
graft takes approximately 3 to 4 hours. The graft is separated
as a back table procedure into separate intestinal, pancreas,
and liver allografts, which are then preserved before
reimplantation. Composite grafts are first connected to a
common conduit of the recipient's hepatic veins and then are
arterialized by anastomosis of the coeliac and superior
mesenteric arteries to the infrarenal aorta using a conduit or
homograft. Intestinal continuity requires an anastomosis
with both the native proximal and distal gut. A "chimney
allograft ileostomy" is accomplished to provide for surveillance of the intestinal allograft during the first few
postoperative months. When stable immunosuppression has
been accomplished, without rejection creating the need for
frequent endoscopic examination, the ileostomy can be
closed. 6l Ajejunostomy feeding tube is placed at the time of
the operation for venting and initiation of enteral feedings.
The surgical procedure can be challenging when the child
has had numerous previous surgical procedures, especially
if adhesions and portal hypertension are present. In addition,
when the child requires the implantation of multiple donor
organs, the surgical procedure is quite lengthy and the
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number of complications can increase. Surgical procedures·
vary depending on the organs transplanted and the condition
of the donor organs.

Postoperative Care Following Intestinal
and Multivisceral Transplantation
Care of children after intestine or multivisceral transplant is
similar to the care required of a liver transplant patient. The
main principles of the critical care management in the
postoperative period are immunosuppression and prevention
of rejection, prevention of infection, fluid balance, maintenance of nutritional status, assessment of graft function, and
long-term rehabilitation. 61 Because the number and type of
organs transplanted vary, assessment of each organ's function and engraftment are required. Additional concerns
include care of the large abdominal incision and the
ileostomy. Consultation with an enterostomal therapist in
the immediate postoperative period is helpful in preventing
impairment of skin integrity. Lengthy recovery periods are
anticipated because time is needed for the intestine to
become functional.

Significant Postoperative Issues
or Complications
Immunosuppression. The same protocols for postoperative immunosuppression are used in both isolated or
composite intestinal allograft recipients. A combination
protocol of tacrolimus and steroids is often used. Tacrolimus
is often initiated in the operating room via continuous
infusion, preferably peripherally. A trough level of 20 to 25
ng/ml is the initial goal, with reduction to 8 to 12 ng/ml after
6 to 12 months. Oral tacrolimus is started once GI motility
is observed.
Initial dosing of methylprednisolone is tapered over the
next 5 days to I mg/kg/day. Cyclophosphamide may be
given for 4 weeks and then switched to mycophenolate
mofetil or azathioprine. Prostaglandin is administered for
the first 5 postoperative days because of its beneficial
vasodilatory effects on renal and splanchnic vasculature that
may prevent microvascular thrombosis.
Organ-Specific Rejection: Intestines. Despite improved immunosuppression, rejection is still a major problem. (See also sections with discussion of promotion of graft
tolerance and rejection.) Rejection of the transplanted
intestine is assessed by clinical examination, endoscopic
observation, radiologic examination, and histologic evaluation of mucosal biopsies. 60 There are no biochemical indices
that reflect rejection of the intestinal allograft. Functional
studies and serologic assays are not reliable indicators of
rejection because graft dysfunction also occurs with preservation injury, hypoperfusion injury, and enteritis. 60 Clinical
signs of acute rejection include fever, abdominal distension,
abdominal pain, increased or decreased enteric output, and
watery diarrhea. Dusky stomal mucosa, mucosal edema, and
decreased peristalsis may be associated endoscopic findings.
Severe, acute rejection is characterized by severe diarrhea,
abdominal pain, abdominal distension, and metabolic aci-
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dosis. Endoscopic findings with severe acute rejection
include ulceration, mucosal sloughing, bleeding, and loss of
peristalsis. Chronic rejection is characterized by chronic
diarrhea, malabsorption, and weight loss. Gastric emptying
times may be evaluated radiologically, with prolonged
emptying times indicating rejection.
Endoscopic examinations are performed on a periodic
basis and if intestinal rejection is suspected from clinical
observations. The endoscopic examination yields valuable
information about the appearance of the graft's mucosa and
intestinal motility.
Infection. Infection is a common complication. (See
section on posttransplant infection in heart-lung.) Translocation of bacteria from the intestine to the bloodstream
can occur if bacteria seeps through damaged intestinal
mucosa into the bloodstream. Causes of translocation
incl ude intestinal overgrowth, sloughing of the mucosa,
rejection, and PTLD. Therefore broad-spectrum antibiotic
prophylaxis is ordered for the first 7 days, and bowel
decontamination is continued for the first 4 postoperative
weeks to minimize translocation caused by overgrowth.
Frequent blood and body fluid cultures are done, and
surveillance stool cultures are performed weekly. Quantitative culture with colonies of greater than 10 organisms
are considered significant only in the presence of systemic
sepsis or ongoing acute cellular rejection of the intestinal
allograft and are treated appropriately.62
CMV disease is also a risk, especially when a recipient
with CMV-negative serologic status receives an organ from
a CMV-positive donor. Prophylaxis for all patients is important in the prevention of active disease, with antiviral agents
and CMV immunoglobulin (Ig) used for high-risk patients.
Early identification of CMV disease can also facilitate more
effective treatment. Routine ileoscopy, biopsies of both the
small bowel and liver as needed, and routine serum antigen
testing (PP65) are performed. Treatment consists of ganciclovir and CMV Ig as first-line agents and foscarnet and
cidofovir as second-line agents, along with cautiously lowered immunosuppression. Treatment is continued until the
patient is symptom free and the PP65 is normal. Monitoring
should include BUN, creatinine clearance, urine output,
urine proteins, CBC, differential, platelets, LFTs, electrolytes, and observation for allergic reactions.
Assessment of Graft Function. Graft function and
viability are assessed in the operating room immediately
following graft reperfusion. Because the allograft may be of
varying lengths of the GI tract and different anatomic
structures or organs (may include stomach, small intestine,
duodenum, colon, liver), the assessment must be thorough,
aggressive, and mUltidisciplinary. There are not good
biochemical markers to indicate function. (See other sections for assessment of graft function for other abdominal
organs.)
Serum nutritional markers (transferrin, albumin, and
retinoic acid) and the absorption studies (o-xylose testing
and fecal fat content) are performed to evaluate intestinal
absorption abilities, assessing carbohydrate absorption and
fat metabolism. Motility is evaluated by barium GI series
with determination of duration of gastric emptying and

intestinal transit time. Most recipients experienced delayed
gastric emptying during the early postoperative period with
the initiation of oral feedings. This problem usually resolved
in about 3 months, but gastrostomy is required to alleviate
symptoms. 60
All intestine recipients suffer high stomal output and
diarrhea, sometimes requiring readmission for fluid and nutritional management. Pharmacologic measures, including
the administration of antidiarrheal agents, are used to decrease GI motility, but high stomal output may continue for
years in patients with rapid intestinal transit. Graft dysmotility may be related to graft denervation. Recently, enteric
ganglia at the roots of the celiac and mesenteric arteries have
been preserved in an attempt to slow intestinal transit. Evaluation of the outcomes of ganglia preservation requires additional follow-up.60 Many children requiring intestinal
transplant have never eaten before surgery, so during the
postoperative period an occupational therapist or feeding
specialist assists these children with mastery of this task.
Maintenance of Fluid and Electrolyte Balance.
The fluid shifts between the graft, lungs, and peripheral
tissues in the first 2 to 3 days can result in generalized fluid
retention combined with intravascular volume depletion.
Careful measurement of enteric output is essential, with
early surgeon notification of extremes of output. Assessment
of stomal output for volume, consistency, reducing substances, and bacterial overgrowth is performed. Excessive
output may indicate rejection and reflects poor absorption.
Enteral feedings are introduced to stimulate absorption as
soon as tolerated in the postoperative period. Total caloric
intake is maintained with parenteral nutrition, which is
decreased once enteral feedings are tolerated. The goal is to
achieve independence from TPN in all functioning grafts
within 4 to 6 weeks. Initiation of enteral feedings through
the jejunostomy tube is a gradual process, and the goal is to
wean TPN and tube feedings to an exclusi ve oral diet.
Enteral feeding is weaned by reducing daily duration of
administration as oral intake improves.
Graft-Versus-Host Disease. GVHD is another potential complication caused by the large quantities of
lymphoid tissue present in the intestine. Recipients of a liver
and intestine graft and isolated intestine transplants have
been treated with increased immunosuppression for GVHD,
which is diagnosed by the presence of a fine intermittent
pink skin rash and histologic diagnoses per intestinal and
skin biopsy. GVHD develops in about 10% of recipients, is
usually nonlethal, and occurs most often after reduction or
discontinuation of immunosuppression therapy.6o

KIDNEY TRANSPLANTATION
Substantial experience has been gained in providing care
and treatment to children with end-stage renal disease
(ESRD). These developments have allowed this patient
population the opportunity to live far longer than was
previously expected. Experience has demonstrated that
infants and very small children are not only acceptable
candidates for treatment but are also favored candidates
when outcome and quality of life are measured. During
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the last decade, patient and graft survival rates have
improved significantly related to more effecti ve immunosuppressive regimens, improved pretransplant dialysis, and
current postoperative monitoring and care. b3
In 1999, UNOS reported survival rates of cadaveric
kidney transplants in 1- to 5-year-olds to be 97.4%, 90.2%,
and 88.8% at I, 3, and 5 years, respectively, with living
related donation (LRD) transplant survival rates being
slightly higher. Overall survival rates of all types of kidney
transplant recipients steadily remain greater than 90% after
5 years in children of ages I to 18 years. 4
About 900 children are diagnosed with ESRD each
year. 63 The five most common diagnoses requiring transplantation were hypoplastic or dysplastic kidneys, obstructive uropathy, focal segmented glomerulosclerosis, reflux
nephropathy, and systemic immunologic disease. The cause
of ESRD in children also varies depending on age groups,
according to data reported to the North American Pediatric
Renal Transplant Cooperative Study (NAPRTCS).64 In
children younger than 5 years of age, congenital anomalies
and congenital nephrotic syndrome are the most common
causes. In adolescents, chronic glomerulonephritis is most
common. On the average, there is an interval of about 4 to
5 years between the onset of glomerular disease and the
onset of ESRD. The cause of each child's renal failure is
important information for the healthcare team and the
family. The identification of a hereditary renal disease has
implications for family members who may wish to be
considered as kidney donors. Because certain renal diseases
tend to recur in the transplanted kidney, this information can
influence the timing of the transplant, as well as the choice
of LRD versus a cadaveric donor.
Timing of transplantation takes into account patient age,
progressive growth failure and associated deterioration of
CNS structure and function, and the cause of the ESRD.
Historically, outcomes for small infants were not as
successful as older children, but improvements in surgical
technique and patient care now allow surgery in infants
weighing at least 6 kg or older than 6 months of age 65 One
study in long-term mortality has shown no significant
difference in the 5-year patient survival of those treated with
hemodialysis (95%), LRD renal transplant (88%), and
cadaveric renal transplant (85%).66 This is important to
consider in caring for the newborn or infant for whom
increased linear growth is preferred before transplantation.
However, almost all children with ESRD will not grow and
develop along normal curves. Because muscle mass is
normally more limited in children than adults, serum
creatinine levels will not correlate as well with the degree of
renal failure. Growth retardation may occur with serum
creatinine levels of less than 3 mg/dl. Children with
congenital nephrotic syndrome may suffer growth failure
despite aggressive medical management with serum creatinine as low as I mg/dl. They may require nephrectomy 6
weeks before transplantation to correct nutritional and
coagulation abnormalities. Children with oxalosis are often
transplanted early (kidney graft or liver and kidney graft) to
avoid prolonged renal insufficiency or dialysis that may
cause extrarenal accumulation of oxalate. b3
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Preemptive transplantation (transplantation before the
initiation of dialysis in the child with ESRD), although
controversial, will maximize growth; minimize social,
educational, and psychologic impacts of chronic illness; and
decrease the complications of dialysis. LRD can facilitate
optimal timing of preempti ve transplantation. Better outcomes are possible for both the donor and recipient because
surgery can occur when both are optimally healthy, kidney
ischemic times are short, the allograft function is usually
immediate, and immunosuppression may be initiated before
the transplant. 63
The principles of conservative medical management
of ESRD in children are based on maintaining metabolic balance and growth and development by diet and
drug therapy. When conservative management can no longer relieve the symptoms of uremia and permit the child to
function in peer, school, or family life, an alternative form of
treatment is necessary. With the availability of dialysis and
transplantation, conservative treatment should exclude the
need for drastic limitations on diet and activity.
Treatment options include chronic hemodialysis (usually
using Brescia-Cimino arteriovenous fistula on the forearm
or polytetrafluoroethylene graft if inadequate veins), chronic
continuous ambulatory peritoneal dialysis (CAPO) or continuous cycling peritoneal dialysis (CCPD), and transplantation. Although many patients are brought to an optimal
metabolic state with dialysis before transplantation, undergoing transplantation without dialysis is not unusual.
Dialysis allows time for the child's medical, surgical, and
urologic abnormalities, including metabolic derangements,
bladder outlet obstruction, bone deformities, immunizations, and dental care, to be corrected. A voiding cystourethrogram is used to evaluate the bladder. Many children
whose bladders were thought to be unusable may in fact be
surgically augmented so that these children may void
normally. Every effort is made to use the bladder; however,
when it absolutely cannot be used, diversion to an ileal or
colonic conduit may be performed. Central venous access is
initiated at the time of nephrectomy, dialysis, or transplantation. Bilateral nephrectomy, before or at the time of
transplant, is indicated in malignant hypertension that has
failed to respond to maximal antihypertensive therapy and
ultrafiltration by dialysis, for persistent infections, for
structural upper tract uropathies, and in congenital nephrotic
syndrome.
Pretransplantation evaluation is done by a multidisciplinary team. Standard evaluation includes the history and
physical examination and laboratory tests including hematology, coagulation studies, chemistry, urine analysis, and
blood bank screening. Blood bank screening includes ABO
type, hepatitis profile, HIV screen, HLA type, and anlileukocyte antibody screening. As a minimum, the donor and
recipient should be ABO compatible and have a negative T
cell cross-match. Ensuring that the recipient does not have
preformed antibodies against antigens on the donor's T
lymphocytes will prevent hyperacute rejection, which results in rapid, irreversible loss of graft function. Screening
may be repeated monthly while patients are on the waiting
list. Contraindications for transplantation include malig-
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nancy and active infection. Relative contraindications Include major systemic disease and profound disability.
The decision to use a living-related or cadaver donor is
dependent on the philosophy of the transplant center, as well
as the availability of a living-related or living nonrelated
donor (LNRD) and the family's wishes. LRD should be used
when possible, considering the improved graft and patient
survival rates. LRDs or LNRDs must be at least 18 years of
age, have two healthy kidneys, be highly motivated, and
meet the center's immunologic, medical, and psychosocial
parameters. Donors must also have ABO compatibility,
preferably share at least one haplotype for the serologically
detectable antigens, and have a negative T cell cross-match.
Medical evaluation confirms the health and renal function
status of the donor and is usually performed by a physician
other than the transplant surgeon.
When an LRD or LNRD cannot be identified, the child is
placed on the waiting list for a cadaveric kidney. The
waiting list has grown as the number of candidates has
increased, related to the surgical techniques available
currently for smaller infants. Patients in particular blood
groups are assigned points based on the quality of the
antigen match and the time of waiting. Extra points are
assigned for recipients with a PRA greater than 80%
(broader spectrum of anti-HLA antibodies), pediatric patients, previous donors who need a transplant, and medical
urgency.67 With all else being equal, patients with the
longest waiting time on the list are given priority. Some
patients are listed at more than one center, which increases
their chances of receiving an organ sooner by 86%.68
Allowing multiple listing may discriminate against patients
with less resources for travel and medical care or patients in
other geographic regions. In addition, follow-up care may
be more difficult for out-of-state patients.
While on the waiting list, monthly determinations of
sensitivity against a representative panel of lymphocytes are
made. Donor organs that match a recipient in ABO
compatibility and have an identical HLA match are offered
nationally first, then locally. Generally, the donor kidney is
selected on the basis of a negative cross-match between the
recipient's serum and lymphocytes from the donor. Other
criteria include current sensitization, length of time waiting,
and recipient's age. The donor should be older than 6 and
younger than 65 years old, normotensive, and otherwise
healthy and free of transmissible disease. Donors have been
declared brain dead and are maintained on life support
systems until the kidneys can be recovered.

Kidney Transplantation Procedures
Once the selection has been determined, recipients undergo
a final T cell cross-match and dialysis, if necessary. When
required, preoperative transfusions are administered at the
same time as dialysis to remove the potassium load from the
banked blood. They also receive a thorough evaluation of
current fluid and electrolyte status. Central venous access is
established, if not already available. The bladder is filled
with an antibiotic solution. Medications, including antibiotic
prophylaxis, corticosteroids, and immunosuppression induc-

tion, are administered. Because the primary immunosuppressants, cyclosporine and tacrolimus, are potentially
nephrotoxic, immunosuppression may be induced with
monoclonal or polyclonal antibodies or other agents and
administration of primary immunosuppressants delayed
until function of the new organ is ensured.
Transplantation in the very small child poses different
challenges because the donor kidney is usually relati vely
large. The abdomen must expand to accommodate a new,
larger organ, which while consuming much of the infant's
cardiac output, may impede venous return form the lower
extremities and impede respiratory efforts. On release of the
venous and arterial clamps following anastomoses of
vessels, the lower extremities and donor organ are reperfused, which may result in hypovolemia and acidosis. The
new organ may initially sequester blood and may produce
urine close to the infant's blood volume on a hourly basis,
resulting in hypotension. 63 It is essential that the CVP and
blood pressure are adequate when the vascular clamps are
removed. In addition, washout of the preservation solution
from the large organ into the infant recipient may result in
life-threatening hyperkalemia and hypothemlia. 63 Therefore
in infants and children receiving a large kidney, the CVP is
increased to 15 to 20 mmHg with infusion of crystalloids,
albumin, or packed red blood cells; sodium bicarbonate is
administered to counteract acidosis; the kidney is warmed;
urine output is replaced aggressively; and serum electrolytes
are monitored closely.63
Arterial and venous anastomoses are completed in
implantation of the donor organ; then the clamps are
removed when CVP is adequate. Maintaining blood pressure and filling pressures during reperfusion is vital.
Transfusions of blood and colloid may be necessary to
provide a circulating blood volume that is adequate to
perfuse the new kidney; ongoing, aggressive volume
replacement may be required if the donor organ is large. The
donor's ureter is anastomosed to the bladder mucosa of the
recipient. A ureteral stent may be required in small bladders.
The kidney and anastomoses are inspected and irrigated, and
the abdomen is closed. If the donor organ is making urine at
the end of the procedure, the peritoneal catheter (if in place
preoperatively) may be removed.
The surgical placement of the transplanted kidney in the
older child is generally similar to that in adults. Placement
of the anastomoses depends on the size of the child and the
size of the vessels.
Large adull kidneys that are transplanted into children
will decrease in size with time but will function adequately.
Conversely, cadaveric kidneys from small children that are
transplanted into adolescents undergo hypertrophy and
increase in function.

Postoperative Care Following Kidney
Transplantation
The patient usually is transferred directly from the operating
room to the PlCD, where monitoring continues. A chest
x-ray film confirms central line placement. A renal ultrasound is obtained to serve as a baseline for future
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comparison, as is a radionuclide scan, which confinns
perfusion to the newly grafted kidney.
It is not unusual to keep small infants, who have received
a large adult kidney placed intraperitoneally, intubated and
supported on a ventilator for several days. A central line is
usually inserted to monitor the effects of fluid loss on
circulating blood volume and to detennine replacement
therapy. Fluid and electrolyte status is measured meticulously, and output is replaced milliliter per milliliter. The
intravenous solution is adjusted frequently based on the
serum and urine electrolytes. Calcium losses can cause
problems. Immediate functioning of adult kidneys placed in
infants will necessitate larger amounts of fluid replacement.
Intraoperative bowel manipulation usually results in an
ileus. The patient will require a nasogastric tube and
parenteral nutrition until bowel function returns. A bladder
catheter is placed for bladder decompression and urine
output measurement.

Significant Postoperative Issues
and Complications
Organ-Specific Rejection: Kidney. Hyperacute rejection is currently uncommon because of screening of
blood type and antigens. When present, this rejection occurs
immediately postoperatively. Accelerated rejection is also
rare and is thought to be a secondary response resulting in
antibody fonnation after contact with an antigen to which
recipients were sensitized. This occurs 3 to 5 days after
transplantation and presents as a severe, sudden graft
dysfunction. (See also sections on promotion of graft
tolerance and rejection.)
Acute rejection is the most common (40% of LRD
recipients and 50% of cadaver recipients) and occurs most
often during the first 6 months (especially with cadaver
donors) but can occur at any time during the life of the
graft. 63 It is usually reversible when identified and treated
early. Clinical manifestations can be subtle. In the infant or
smail child who received a large lddney, early diagnosis of
rejection may be difficult because of the abundance of renal
parenchyma. By the time the BUN or creatinine level is
elevated, rejection may be severe. In one study, hypertension and fever were significantly predominant in the
rejection group; the creatinine level was elevated in only
45% of those with rejection. 69
In addition to monitoring serial creatinine, ultrasound,
radionuclide scans, and percutaneous renal biopsy are often
necessary to confinn the diagnosis of rejection. Renal
biopsy is important in the confirmation and management of
acute rejection, as the histologic severity of rejection can be
used to detennine the optimal therapy for the patient. The
parameters for diagnosing acute rejection in renal transplantation include fever, decreased urinary output, graft pain and
tenderness, increased BUN and creatinine levels, malaise,
weight gain, and hypertension. The use of cyclosporine and
tacrolimus has made the diagnosis of acute rejection more
difficult because of potential nephrotoxicity. A biopsy may
be required to differentiate between immunosuppressant
nephrotoxicity and early recurrence of the original disease.
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Other differential diagnoses for symptoms of rejection, such
as urinary obstruction, acute tubular necrosis (ATN), and
urinary extravasation, can usually be ruled out by ultrasound
and radionuclide scan.
Chronic rejection may occur after an episode of severe
acute rejection as early as the first few weeks posttransplantation, but often, it is a disorder characterized by progressive
ischemic loss of nephron mass secondary to vascular
lesions. Chronic rejection is characterized by a gradual
decline in glomerular filtration and an increase in permeability of the glomerulus to protein. The most common signs
of chronic rejection are hypertension, proteinuria, edema,
gradual rise in BUN and creatinine levels, and decreased
creatinine clearance. Clinical manifestations of chronic
rejection may not be evident until filtration rates are less
than 25% of nonnal.
Treatment for rejection may include increasing the level
of immunosuppression, adding adjunctive immunosuppressants or antibody therapy depending on the severity of
rejection, and increasing the dose of corticosteroids or
providing steroid boluses and recycling. Renal ultrasounds
are used to monitor rejection, but percutaneous renal biopsy
is the most reliable indicator of rejection. The rare patient
who demonstrates rejection refractory to treatment may be
treated with dialysis and antilymphocyte preparations.
Infection. Infection is a frequent cause of morbidity
and mortality in the renal transplant recipient. 63 (See discussion of infection in heart-lung section for details regarding
posttransplant infections.) Prominent among these infections are those with a large number of pathogens, mainly
gram-negative bacteria (greater in younger patients and
more prevalent in the first month) and opportunistic organisms such as PCP and CMY. The type of infection generally
varies by the time after transplant and the recipient's age.
Varicella-zoster. fungal infections. and protozoal infections
may also occur. Trimethoprim prophylaxis is initiated early
and is usually maintained as long as the immunosuppressants continue.
CMV disease is the major pathogen in the first I to 3
months posttransplant. 63 Ninety percent of the time, acquisition is by transplantation of a CMV-positive organ.
Patients who are CMV seronegative and are the recipient of
a kidney from a CMV-positive donor may be treated with
prophylactic CMV-specific immunoglobulin. The first dose
must be administered within 72 hours of the transplant, then
subsequent doses are given up to 16 weeks after the
transplant. Symptoms of CMV disease in these patients
include prolonged episodes of fever. fatigue, cold or flulike
symptoms, leukopenia, thrombocytopenia, abnonnal LFTs,
hepatomegaly or splenomegaly, decreased renal function,
and elevated BUN or creatinine level.
EBV infection may also occur in renal recipients. The use
of immunosuppressants to block interleukin-2 synthesis can
decrease the number of Virus-specific cytotoxic T cells,
which then allows viral replication and proliferation of
transformed B cells. Symptoms of tonsillitis, fever, hepatocellular dysfunction, focal brain or pulmonary disease, focal
GI tumors with bleeding, or perforation or infiltration of the
allograft may occur. Diagnosis is through EBV-PCR, titers,
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imaging, and renal biopsy. Treatment is with CMV-specific
immunoglobulin and ganciclovir (DHPG), decrease or
withdrawal of immunosuppressants, and chemotherapy,
reserved for ganciclovir-resistant patients. Many tumors that
occur in transplant recipients are lymphomas, specifically
non-Hodgkin's, B cell origin with EBV implicated. Treatment may include decreased immunosuppression, local
excision of masses, and chemotherapy. Cutaneous and other
tumors also occur.
The patient who tolerates the graft poorly and requires
large amounts of immunosuppressive drugs is the one most
likely to develop serious infections. For this reason,
vigorous immunosuppressive therapy is not pursued. Instead, rejection is allowed to proceed, and the kidney is then
removed and later replaced with a second transplant.
Fluid and Electrolyte Imbalance. After surgery, the
kidney may produce a massive diuresis, may remain totally
anuric, or may produce urine volumes between these
extremes. Serum and urine electrolytes are determined
frequently (as often as every 6 hours for the first 2 days). IV
fluids are administered based on the serum electrolyte levels
and urine volumes. Inadequate fluid and electrolyte replacement may precipitate hyponatremia, hypokalemia, and
hypotension. This response is especially important in the
very small child, in whom fluid shifts occur very rapidly.
Hypotension heralding hypovolemia must be prevented to
maintain adequate perfusion to the new graft and prevent
possible graft thrombosis.
Most patients with good allograft function will have
normal BUN and serum creatinine levels by the third or
fourth postoperative day. At this time, their management
includes routine fluid volumes. Often these patients have
been receiving hemodialysis before transplantation with
concomitant fluid intake restriction. Hypocalcemia, except
in the patient with severe hyperparathyroidism, usually
ceases to be a problem in the presence of good renal
function. Phosphorus regulation, however, may continue to
be problematic for the patient, now in the form of
hypophosphatemia. It is not unusual for the newly grafted
kidney to develop a "phosphate leak," requiring oral
phosphate supplementation for an indefinite period.
Decreased Urine Output. Graft function must be
evaluated when decreased urine output occurs postoperatively. The differential diagnosis for decreased output is
mechanical obstruction of the Foley catheter, hypovolemia,
ATN, rejection, and technical events such as vascular or
urologic complications. Posttransplant oliguria or anuria is
commonly caused by ATN or rejection (discussed earlier.) If
the transplanted kidney is experiencing ATN, it may produce
diuresis for a day and then become anuric and may not
secrete urine for days or weeks. This is more common as the
result of prolonged ischemia during cadaveric organ retrieval. The reversibility of this ischemic disease is difficult
to predict, and anuria may persist for several weeks before
adequate renal function begins. The child is maintained on
dialysis until the ATN has resolved. If hemodialysis is used,
it is important not to aggressively ultrafiltrate because
excessive fluid loss could result in thrombosis of the

allograft. Careful regulation of immunosuppressive agents
and other drugs excreted by the kidney is especially
important during this period.
Other causes for oliguria and anuria cannot be overlooked and are equally investigated. Diminished urinary
flow may be caused by obstruction of the bladder catheter or
stent by a simple kink or a clot. To rule out mechanical
obstruction, very gentle irrigation may be necessary to
ensure drainage.
Hypovolemia may be due to surgical blood loss or third
spacing of fluids, and it is particularly common when
patients previously had been receiving peritoneal dialysis.
Fluid boluses may be required. Occasionally, a very small
child returns from the operating room oliguric and in
congestive heart failure after having received a substantial
arriount of fluids and colloids within a few hours. Careful
fluid replacement, diuretics, or dialysis are necessary until
the intravascular volume status has normalized. Ultrasound
will rule out hemorrhage or graft compression.
An unusual and potentially preventable complication is
graft thrombosis. Renal artery or vein stenosis or thrombosis
may occur, as well as arteriovenous fistulas. Preliminary
data suggest that graft thrombosis may be an increased risk
for recipients younger than 6 years of age who have not had
prior dialysis, as well as children who receive cadaveric
grafts from young donors. Renal artery thrombosis is a
devastating complication, which demonstrates sudden anuria. Diagnosis is made by ultrasound, renal scan, or
exploratory surgery. Nephrectomy may be required. Venous
occlusion is less common; graft swelling, tenderness,
hematuria, and oliguria occur. Ultrasound will demonstrate
no venous flow, obstructed arterial flow, and swelling.
Venous thrombectomy may relieve the occlusion, but
nephrectomy may be required.
Occasionally the distal ureter, which is minimally
vascularized, becomes necrotic from ischemia, causing
obstruction and subsequent extravasation of urine into the
lower abdomen. Analysis of the leaking fluid may aid in
diagnosis. A renal scan will confirm this diagnosis. If the
leak is very small, a bladder catheter may be able to provide
adequate drainage until the leak has healed. Placement of a
nephrostomy tube or ureteral stent or reimplantation of the
ureter may be necessary.
Although rare, obstruction of the ureter or ureteropel vic
junction may also be caused by a clot, kidney stone, edema,
or stenosis. Swelling of the graft, increased serum creatinine, pain, and drainage may occur. Edema may resolve
spontaneously with resolution of the obstruction. Stenosis
may be treated successfully with percutaneous transluminal
dilation, a procedure with low morbidity and successful
long-term effects. If not successful. surgery may be
required.
Hypertension. Hypertension often occurs in children
who have received a renal transplant. The multiple risk
factors include acute or chronic rejection; side effects of
corticosteroids and cyclosporine; recurrence of primary
renal disease, arterial stenosis, and ischemia of native
kidneys; volume loading and forced diuresis; and excessive
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sodium and fluid retention. Effective treatment for hypertension is essential because poor control can cause seizures
and intracerebral bleeding, as well as accelerated deterioration of the graft. Hypertension may be severe and require
nitroprusside infusion. (See discussion of hypertension
management in Chapter 18.)
Posttransplant Erythrocytosis. Overproduction of
erythropoietin by the allograft occurs for an unknown
reason. Treatment is with angiotensin-converting enzyme
(ACE) inhibitors such as enalapril (Vasotec) or captopril
(Capoten.)
Gastrointestinal Complications. Prolonged ileus
after an intraabdominal transplant is not uncommon. Nasogastric drainage is important, and oral feedings should be
initiated as soon as bowel function is reestablished. If
feeding is delayed beyond 5 days, TPN may be initiated.
Transplant recipients have an increased risk of peptic
ulcer disease and hemorrhage with the administration of
high doses of corticosteroids. Gut prophylaxis is continued
until the corticosteroid doses are decreased.
Recurrence of Renal Disease. The recurrence of the
primary renal disease in the allograft is of great concern in
the pediatric recipient. Steroid-resistant nephrotic syndrome
with focal segmental glomerulosclerosis, hemolytic-uremic
syndrome (with diarrheal prodrome-low incidence of
recurrence; without prodrome-more likely recurrence),
oxalosis, and membranoproliferative glomerulonephritis
have all been reported to recur. Rapid damage to grafts from
oxalate deposition in oxalosis may occur, leading some to
consider oxalosis as a contraindication to kidney transplant
alone. In some cases, a liver and kidney graft is used during
transplantation. The liver is not damaged by the primary
disease, but implantation of a new liver cures the disease
and prevents recurrence of the kidney damage. Cystinosis,
another inherited metabolic disorder, results in the reappearance of cystine crystals in the allograft, but graft dysfunction, related to the recurrence of kidney disease resulting
from cystinosis, does not occur. Unfortunately, the extrarenal manifestations of cystinosis, such as deposition of
cystine crystals in other major organs, continue to persist
after successful transplantation.

PANCREAS AND ISLET CELL
TRANSPLANTATION
The number of pancreas transplantations performed for the
treatment of diabetes mellitus, especially in adults, has
increased dramatically in the last few years. More than one
half of the transplants reported to the International Pancreas
Transplant Registry have been performed since 1991.4 In
1995 a total of 3900 pancreas transplants were performed.
However, only II transplants were reported in the age group
of 5 years and younger and 9 transplants in the age group of
6 to 18 years. Since 1995 the number of annual isolated
pancreas transplants in all ages has more than tripled,
increasing to 368 in 1999 4 However, from 1994 to 1998, a
total of only 40 pancreas transplants have been performed in
children ranging from newborn to age 18 years. 4 The
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survival data from October 1987 to December 1997 shows
a I-year graft survival rate of 76.6% and a 4-year survival
rate of 63.9%.4
Diabetes is a chronic disease that affects more than
12 million Americans and is associated with permanent and
irreversible functional and structural changes in body cells.
The financial impact of this disease is staggering both to the
patient and to society. The goals of pancreas transplantation
are to improve the quality of life: to restore glucose control,
permit independence from insulin, and halt the progression
of complications. Pancreatic transplantation procedures are
performed in rigorously selected diabetic patients at this
time, very few of whom are children. Because generalized
immunosuppression (with its inherent risk of toxicity,
infections, and malignancy) is necessary to prevent rejection, pancreas transplantation has been Ii mited to patients
whose secondary complications of diabetes are, or predictably will be, more serious than the potential side effects of
antirejection therapy. Patients who require or who have had
a kidney transplant and who are obligated to immunosuppressive therapy meet this criterion. However, some nonuremic, non-kidney transplant patients are also in this
category, such as those with preproliferative retinopathy
who are at great risk for loss of vision or those with
albuminuria who have early but progressive diabetic nephropathy. Currently, most pancreas transplants are performed in adult uremic patients either simultaneously with
or 6 months to I year following renal transplantation. The
rationale is that an endocrine-functioning pancreas may
protect the renal graft and stabilize diabetic complications
and may also assist in monitoring pancreatic rejection.
Acute rejection is common. Renal biopsies can be performed to monitor rejection, but pancreatic biopsies are not
indicated because the pancreas is highly vascular.
Because of the morbidity of the pancreas transplant
procedure, the future for restored pancreatic function in
children may rest with islet cell transplantation. This
alternative to whole organ pancreaticoduodenal transplant is
attractive because it is simpler and may facilitate immunoalteration pretransplant. 7o In addition, successful islet
transplantation enables children with diabetes to avoid the
chronic and sometimes devastating complications of lifelong diabetes. Though not yet successful in adults (only 20
of 140 documented cases of insulin independence have
occurred), research is continuing. 70 Successful islet transplants require procurement of a sufficient number of islets
from a single pancreas, improvement of islet preparation
and preservation techniques, employment of techniques to
alter graft immunogenicity without alloimmunity and longterm immunosuppression to enable engraftment into the
recipient liver, and establishment of insulin independence
after the transplant. In March of 2000, the Juvenile Diabetes
Foundation awarded a 10 million dollar grant to explore the
possibility of islet cell transplantation in conjunction with
gene therapy to prevent rejection (Dr. Massimo Trucco of
Children's Hospital of Pittsburgh) In addition, research will
focus on the development of a vaccine to be used to prevent
diabetes in genetically susceptible children.
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QUALITY OF LIFE AND FOLLOW-UP

CARE ISSUES
The commitment to transplant in children with end-stage
organ failure can be one of the most challenging yet
rewarding programs undertaken by a transplant center. It
provides many avenues for highly skilled and sensitive
nursing care. Solid organ transplantation is a viable therapeutic option for critically ill children who will be limited in
either their lifestyle or their lifespan.
Children and families facing the process of transplantation deal with multiple issues. The developmental level of
the child, the family dynamics, and the fact that many of the
children are very young and have little or no participation in
or control over their own care necessitate increased family
and medical community commitment.
Children with organ failure are at risk of experiencing
physical and emotional problems similar to those of children
with other chronic or life-threatening illnesses. Although it
presents new challenges and requirements for care, transplantation offers the chance of long-term survival and
rehabilitation. Before transplantation, children often incur
repeated hospitalizations, which may involve separation
from family members, school, friends, and familiar environments. Throughout the process of transplantation, the
child is influenced by previous experiences with hospitals
and healthcare professionals and ongoing developmental
changes.
Severe stress for patients, family, and staff occurs during
the posttransplant period if rejection, infection, or other
complications delay or interrupt the progress of recovery.
Quality of life is affected by clinical problems such as
chronic rejection and noncompliance. Certain special programs, such as weaning steroids, withdrawing immunosuppressant therapy, and switching from cyclosporine to
tacrolimus in cases of severe hirsutism, have helped to
address these issues. Constant efforts at reassurance, support, and promotion of normal life patterns for child and
family must be provided. The PICU and acute care staff
must be aware of the individual family's coping patterns, as
well as their need to participate in the patient's care. When
living related donation occurs, the donor who needs to
mourn the loss of a body part can easily feel unappreciated
and ignored while the recipient is the focus of care. When
the donor is the child's parent, these are significant issues.
Other parenting issues are key in the immediate postoperative period. Weichler 71 reported an exploratory study
determining information needs of mothers of liver transplant
recipients. A l3-item, open-ended interview guide was
completed by eight mothers. The most prominent maternal
emotions were fear of the child's death and fear of organ
rejection. In the PICU phase, mothers reported feelings of
guilt over seeing their child with numerous invasive tubes in
place. The mothers perceived that the most important way
for parents to cope with these fears was to be as prepared as
possible for the transplant process. In the PICU, mothers
reported the following five consistent information needs:
(1) the purpose of the tubes, (2) liver enzyme laboratory
values, (3) child's blood pressure, (4) medications, and
(5) child's overall well-being. Three of the eight mothers

reported that they were too stressed to seek information
during the PICU phase.
Supervised viewing of the native organ with pathology
personnel may provide support to the parents. Parents have
reported that seeing their child's liver relieved the lingering
question of the necessity of the transplant at the time. If the
diagnosis or cause of liver failure (or other organ failure) is
unknown, meeting with the pathologist allows parental
questions to be asked, although they may go unanswered.
Returning the transplant patient to his or her home and
community may prove to be very stressful. The very small
child tends to be overactive for a few months until the
excitement of being well becomes exhausting and normal
childhood activity resumes. The adolescent, who is already
in a period of structural ego alteration, may have conflicts
about body image, identity, and dependency. A cushingoid
appearance and struggles with weight gain may make
returning to school difficult.
The family, having previously cared for the ill patient,
may find it difficult to let go and permit independent
activity. Previously submerged intrafamilial tensions may
become overt with the stresses of chronic illness, and the
family structure may disintegrate. Consideration must also
be given to the financial stresses that burden families of
transplant patients. With the exception of some specific
federal legislation for renal transplantation, the costs of
transplants must usually be covered by each individual
family's resources or private insurance.
Discharge planning should be initiated early in the course
of hospitalization. In addition to teaching the child and
family about the medications and required procedures,
discussion should be initiated around home issues such as
attending school or day care, travel and vacations, camps,
and pets. 72
Families should be aware that transplant statI need to be
notified when certain physical symptoms or changes occur.
These include fever, diarrhea lasting longer than 24 hours
(or 12 hours for intestine recipients), enlarged lymph nodes,
seizures, tremors, abdominal pain, headache, irritability,
disorientation, G1 bleeding, fatigue or lethargy, abnornlal
laboratory results, or new medications prescribed by other
healthcare providers. Patients and families should be taught
when to call with information and when it is appropriate to
take the chi Id to the emergency department.
Routine immunization schedules are initiated 3 months
after transplantation. Live, attenuated viral vaccines are
usually not administered to immunosuppressed children, but
well-child care may include inactivated vaccines as recommended by the transplant team. Influenza vaccine is given
annually. When possible, hepatitis B immunizations should
be administered before transplantation. Routine childhood
illnesses may be serious in immunosuppressed transplant
recipients. The transplant team must be made aware of
exposures so that decisions for care, such as immunoglobulins, can be made when appropriate and in a timely fashion.
Survival and quality of life issues have been examined in
several studies. Over the past 15 years, marked improvement has been seen in outcomes for pediatric heart,
heart-lung, and lung recipients, although there is a lower rate
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of survival for heart-lung and lung recipients than cardiac
recipients. 26 Most patients resume physical normal function,
although peak: exercise performance may be compromised. 29 Chronic rejection appears to be the principal factor
that limits survival in both groups.
Uzark and colleagues 73 conducted a multicenter study
involving 52 heart recipients, ages 8 to 16 years, who had
survived more than 3 months posttransplant. Using several
measures, they assessed family stress, resources, parental
coping, and child adaptation. They found that patients
experienced a dramatic improvement in functional status but
may be at increased risk for problems in psychosocial
adaptation. They noted an increase in behavior problems,
which were highly correlated with family stress. DeMaso
and colleagues 74 studied 23 patients of ages 3 to 20 years
and assessed psychologic functioning using the Children's
Global Assessment scale before transplant and at I-year
posttransplant. They also evaluated the impact of pretransplant psychologic function, family function, and posttransplant medical severity. Seventy-eight percent of patients had
good psychologic function posttransplant. Pretransplant
emotional status and family function correlated more with
posttransplant psychologic function than medical severity.
Two studies focusing on long-term outcomes in children
following heart transplantation report that rehabilitation and
quality of life have been good or excellent. 75 .76 In general,
quality of life for children after heart transplantation is
improved compared to pretransplant status, and recipients
cope well with the stressors of transplantation. One significant issue, particularly for adolescents, is noncompliance
with immunosuppressive therapy, which may have dire
consequences.
Quality of life issues in children following liver
transplantation have also been reported. 77 •78 Zitelli and
associates 78 noted that objective lifestyle changes in 65
children had improved from their pretransplant status and
that overall the children attended school, took fewer
medications, and experienced fewer days of hospitalization.
Zamberlan 77 interviewed 20 school-age children 3 to 6
years after liver transplantation who perceived their quality
of life to be good; however, many negative feelings about
physical appearance were expressed. The 20 children
expressed feelings of insecurity and loneliness, had difficulties in peer relations, and had higher anxiety scale
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scores as compared with a normal group on the Piers-Harris
Self-Concept Scale.
One of the key issues in quality of life for renal transplant
recipients is growth and development. As mentioned previously, children with ESRD do not have normal growth and
development before transplantation. After transplantation,
some children have an accelerated period of growth
(catch-up growth), others demonstrate some improvement
in growth, and others continue to fall behind on growth
charts. Data suggest that normal or accelerated growth after
transplantation is more likely to occur in infants or young
children, that growth may continue to be impaired if graft
function is not normal, that growth improves with less
steroid usage, and that other endocrine factors may affect
growth patterns. 63 Follow-up of renal transplant recipients
continues to focus on growth patterns. Manipulation of
steroid administration, including alternate-day dosing and
withdrawal of steroids, is continuing to be investigated.
Some investigators have reported improved growth, especially in prepubertal children, with administration of recombinant growth hormone 63
Studies of long-term outcomes in renal recipients have
been done, but outcomes would probably be better currently
with the improvement in immunosuppression therapy.63
Four studies of rehabilitation of pediatric renal recipients
were reviewed, and the majority of patients were leading
functional lives in terms of employment, family life, and
education_ 79 Children studied with greater than 10 years of
allograft function demonstrated high achievement in education, participation in sports and other extracurricular activities, and employment and generally were satisfied with the
quality of their lives. The major issue identified was
dissatisfaction with their appearance, especially in terms of
stature. 80 This is an issue that may begin to resolve with
earlier transplantation (and less growth disruption). and
decreased use of long-term steroids.
Further examination of the long-term effects on growth
and development, school performance, and emotional status
of children must occur now that there is a larger surviving
population of pediatric transplant patients. Future patient
issues of sexual maturation, fertility, and long-term drug
effects during the first and second generations will become
important. Creative approaches to facilitate treatment compliance must be developed and tested.
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