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Preface

Dear colleagues,
Being a primary care provider is one of the most rewarding practices in the field 

of medicine. We take care of the young and the old, the sick and the well, and every-
thing in between. We build and grow long-term relationships with patients and their 
families. We work with patients to improve what they can, yet are still there for them 
when we cannot fix or cure their illness. And we learn—from our patients as they 
undergo their own personal and healthcare journeys, from our colleagues who teach 
us and push us to improve, and from our own successes and mistakes.

I suspect that most primary care providers—known for their breadth of knowl-
edge and experience—do not begin their careers with a goal of caring for solid 
organ transplant recipients. In fact, it can be quite daunting to try to understand what 
these patients have gone through and partner with them to maintain and improve 
their well-being. It may seem like something best left solely to specialty care.

This book was created with the idea that primary care providers can and should 
have a role in the care of solid organ transplant recipients. At the University of 
Washington we have a robust solid organ transplantation program, and as a result 
our primary care practices have the pleasure to care for many solid organ transplant 
recipients. I have found that caring for solid organ transplant recipients is highly 
rewarding: it requires a high level of the practice of medicine—we need to under-
stand anatomy, physiology, drug side effects and interactions, immunosuppression, 
and also psychosocial aspects of care. There are ample opportunities to make a posi-
tive impact, including managing the many complications suitable to primary care, 
assessing urgent care needs, and being an important source of continuity.

For this first edition I have sought the expertise of primary care providers and 
specialists who work with adult solid organ transplant recipients—the goal is to 
provide a source of information that a primary care provider may find useful. As 
such, we have tried to balance having enough information to be useful without 
including excessively detailed transplant care that would not be managed by a pri-
mary care provider. I recognize that the practice of medicine, especially transplanta-
tion medicine, will continue to evolve—therefore, ongoing collaboration with the 
transplant specialists should be a routine part of care for this patient population.
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Chapter 1
Introduction

Christopher J. Wong

 Why Primary Care?

Solid organ transplantation is a miracle of modern medicine. Transplant medicine 
has dramatically altered the natural history of end-organ failure—instead of death, 
there is life. While there are many potential complications, often solid organ trans-
plant (SOT) recipients have excellent quality of life for their remaining years.

And yet, even after such a life-preserving intervention, there remains quite a bit 
of work to be done in order to maximize health and function of the transplanted 
organ and the well-being of the patient. While it may be convenient to believe that 
a solid organ transplant recipient’s transplant center will provide all care that is 
needed, it is more likely that there will be at least some role for primary care. First, 
patients may live far from their transplant center and may need a local primary care 
provider for both urgent and chronic medical conditions. Second, patients often 
have a pre-existing relationship with their primary care provider prior to solid organ 
transplantation. Third, the number of surviving solid organ transplant recipients is 
increasing—transplant centers are not anticipated to have the resources to provide 
all care for this population.

Thus it is quite likely that primary care providers will play an important role in 
the care of solid organ transplant recipients. The balance of what aspects of care 
are performed by which provider should be a continued conversation between the 
transplant specialist and primary care provider. The transplant specialist typically 
will maintain immunosuppression and continue to assess function of the trans-
planted organ. Some transplant centers will follow patients closely even if the 
patients are doing well, while others may see patients yearly with the bulk of the 
patients’ care returned to primary care and local specialists. For example, a liver 
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transplant recipient may return yearly to the liver transplant clinic, and be fol-
lowed by a primary care provider and a local gastroenterologist in between those 
yearly visits, unless there are complications that would require a return evaluation 
sooner. Sometimes the transition back to primary care after the initial postopera-
tive period is colloquially called “graduating.”

 Primary Care Roles in the Care of Solid Organ 
Transplant Recipients

While there will always be a vital role for the transplant specialist, primary care 
providers nevertheless are front-line in managing other illnesses that may arise in 
solid organ transplant recipients. Primary care providers who care for solid organ 
transplant recipients must be ever-vigilant in identifying and treating other compli-
cations and comorbidities.

• Is a solid organ transplant recipient’s diarrhea from his or her mycophenolate, or 
is there a new cause of diarrhea, and if so, is it infectious or non-infectious?

• In a solid organ transplant recipient presenting with cough and shortness of 
breath, are these symptoms a sign of organ failure or an opportunistic infection, 
or just a viral upper respiratory infection?

• What medications should a solid organ transplant recipient be expected to be 
taking, and what side effects are likely?

• Will medication therapy for other conditions interfere with the patient’s trans-
plant drugs?

• When should the transplant specialist be consulted?

These questions can pose clinical challenges but are nevertheless important to 
the patient and rewarding to the provider. Caring for solid organ transplant recipi-
ents requires all the tools of a clinician to synthesize the presentation and determine 
the best evaluation and treatment.

In addition to new symptoms, primary care providers are front-line for delivering 
preventive health and care of chronic conditions to their patients. The primary care 
provider has an important role in making sure recommended screenings take place, 
modify screening as indicated, and be alert for metabolic complications and manage 
them appropriately. Questions might include:

• Should the recommended vaccination schedule be altered?
• How is cancer screening different in a solid organ transplant recipient?
• What metabolic problems, such as diabetes and osteoporosis, should be 

screened for?
• How should common conditions be managed differently in a solid organ trans-

plant recipient?

C. J. Wong
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 How to Use This Book

This book is written with primary care providers in mind, as they try to sort out 
whether new symptoms and syndromes might represent a transplant-related compli-
cation, or, instead, fall into the category of routine primary care; as they navigate 
recommended preventive health and metabolic complications; and as they learn 
about complications specific to the transplanted organ. Many patients become 
experts in their own health, having taken quite a journey to make it through organ 
failure, transplant approval, and then successful organ transplantation. Primary care 
providers will take this journey with their patients and learn from the experience 
as well.

In this book, we hope to provide guidance for primary care providers in the rich 
and rewarding care of adult solid organ transplant recipients.

Chapter 2 covers a general overview of solid organ transplantation, including 
review of the pre-transplant course and taking a basic medical history of the patient 
after transplantation.

Chapter 3 addresses the basics of common anti-rejection medications used in 
solid organ transplantation and their common side effects. The authors discuss drug 
interactions for medications commonly used in the primary care setting.

Chapters 4, 5, 6, and 7 provide overviews of the care of kidney and kidney- 
pancreas, liver, heart, and lung transplant recipients. (Note that this book does not 
address combined heart-lung or small intestine transplantation.)

Chapter 8 is a review of infections in the solid organ transplant recipient. It 
includes discussion of select respiratory, gastrointestinal, urinary tract, central ner-
vous system, and skin and soft tissue infections.

Chapter 9 provides a general approach to a set of common syndromes, including 
shortness of breath and cough, diarrhea, urinary tract symptoms, and skin lesions.

Chapter 10 addresses the important topic of cancer, a life-limiting complication 
in the immunosuppressed population.

Chapter 11 is an overview of metabolic complications including diabetes, hyper-
tension, hyperlipidemia, gout, and osteoporosis, all of which are common in the 
solid organ transplant population.

Chapter 12 provides an overview of preventive health, highlighting similarities 
and differences between recommendations for solid organ transplant recipients 
compared to the general population.

Chapter 13 addresses palliative care, as solid organ transplant recipients may 
have important symptoms that impact quality of life, and discusses end-of-life issues.

This book does not need to be read cover-to-cover. The chapters specific to a 
transplanted organ will provide useful knowledge for primary care providers should 
they be involved in the care of patients with these transplanted organs. All providers 
may find useful the general overview chapter and the chapters on medications and 
complications. Those who see patients for urgent symptoms may find the chapters 

1 Introduction
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discussing common syndromes to be helpful, as well as the individual organ chap-
ters as needed.

For this edition, we focus on heart, lung, liver, kidney, and pancreas transplants, 
and are not covering pediatric solid organ transplantation, small intestine, skin, and 
other organ transplants.

The goal of this book is to provide a framework and a starting point—as with any 
such clinical guidance, individualizing care based on the patient’s unique circum-
stances is critical, and one must consult with the patient’s specialty providers when 
the need arises. The care of solid organ transplant recipients is rewarding but 
requires background knowledge and clinical acumen—it is hoped that this book 
proves useful in furthering this care.

C. J. Wong
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Chapter 2
Overview of Solid Organ Transplantation 
for Primary Care Providers

Diana Zhong and Christopher J. Wong

 Introduction

Solid organ transplantation is increasing in prevalence. With each passing year, it 
becomes more likely that primary care providers will encounter patients who are 
recipients of a solid organ transplant.

In the United States, the number of solid organ transplantations has risen steadily 
over the past 20 years (Fig. 2.1), with 36,529 solid organ transplants performed in 
2018 [1]. The greatest increases have been in liver and kidney transplants (Fig. 2.2). 
As the actuarial survival has also increased over this period of time, so too has the 
overall prevalence of living solid organ transplant recipients. It is estimated that as 
of 2017, there were approximately 220,000 kidney transplant recipients [2], 84,000 
liver transplant recipients [3], 32,000 heart transplant recipients [4], and 14,000 
lung transplant recipients [5] living in the United States. In total, the number of liv-
ing solid organ transplant recipients could populate an entire mid-size US city.

Internationally, the World Health Organization estimated that a total of 135,860 
solid organ transplants were performed in 2016—a number that has been increasing 
annually based on provisional data, including in the United States [6]. The majority 
of solid organ transplants worldwide occur in high-income countries, but transplan-
tation is spreading to an increasing number of countries [7].

The demographics of organ transplantation continue to change. Age is no longer 
a contraindication to transplantation at many transplant centers; although practices 
vary by country and region, some countries are moving away from age-based crite-
ria [8, 9]. Indeed, 21% of transplants in the United States in 2018 were received by 
recipients aged 65 and over [1]. Donor demographics are also changing: there is 
now expanded use of potentially higher risk, or “extended criteria” donors to help 
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Fig. 2.1 Number of solid organ transplant recipients per year in the United States, 1988–2018. 
(Based on OPTN data from 2019, from https://optn.transplant.hrsa.gov/data/view-data-reports/
national-data/. Accessed April 22, 2019)
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Fig. 2.2 Solid organ transplantation in the United States, by Organ, 1988–2018. *Kidney- 
pancreas, pancreas, heart-lung, and intestine transplantation data not shown. (Based on OPTN data 
from 2019, from https://optn.transplant.hrsa.gov/data/view-data-reports/national-data/. Accessed 
April 22, 2019)
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reduce the number of patients on the transplant waiting lists. Extended criteria vary, 
but may include older age donors as well as the presence of potentially treatable 
viruses such as hepatitis C [10]. Terminology varies, and some transplant specialists 
recommend using the least stigmatizing terms to classify donor organs so that pro-
viders are not dissuaded from recommending suitable donations.

There are many implications for primary care. First, the volume of solid organ 
transplant recipients will likely lead to more primary, urgent, and emergent medical 
care taking place outside of a transplant center. For example, there are an estimated 
244 kidney transplant centers in the United States [11]. These centers would have to 
deliver primary care to all 220,000 living kidney transplant recipients while also 
evaluating the pre-transplant population; it is preferable that patients could continue 
routine care with their own primary care providers. Second, patients often live far 
from their transplant center, making it more imperative to have effective local care. 
In the United Kingdom, the median distance to the transplant center for liver trans-
plant recipients was 67 km [12]. A study of patients in the United States’ Veterans 
Affairs healthcare system found that distance from the transplant center was 
inversely correlated with being waitlisted for transplantation—notably in that same 
study, the vast majority of pre-liver transplant candidates were over 100 miles from 
a transplant center [13]. In another study of patients in the United States listed for 
liver transplant, 28% lived over 100 miles from the transplant center [14]. While it 
is conceivable that some solid organ transplant recipients may move closer to a 
transplant center after transplantation, this percentage is likely to be small. Third, 
lessening age requirements and improved overall survival are resulting in an increas-
ingly older population of solid organ transplant recipients. The general practitioner, 
experienced in the comorbidities of aging, is well-suited to provide care for these 
patients.

 Pre-Transplant Evaluation

 Overview

While this book focuses on the primary care of patients after receiving a solid organ 
transplant, knowledge of the pre-transplant process is useful in their ongoing 
treatment.

The pre-transplant process begins when a patient with end-stage organ failure is 
referred to a transplant specialist. This referral may arise from primary care, a spe-
cialist, or during an acute-care hospitalization. Pre-transplant testing can take place 
in a variety of settings, including outpatient clinics (not necessarily only in the 
transplant center) and inpatient hospital stays.

The transplant team typically includes a medical and surgical team (for example, 
a transplant hepatologist and a transplant surgeon, in the case of end-stage liver 
disease), as well as a social worker and other staff to assess social support and 

2 Overview of Solid Organ Transplantation for Primary Care Providers
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psychological health. Other specialists may be involved, such as an infectious dis-
ease specialist, psychiatrist, dietician, cardiologist, or pulmonologist, depending on 
the patient’s needs and comorbidities. Testing generally includes laboratory studies, 
assessment of cardiac tolerance for surgery (other than for heart transplant), and 
cancer screening. Treatment often includes vaccinations and medication adjust-
ments for medical optimization. 

From there, a transplant committee evaluates a patient’s candidacy for transplan-
tation. The evaluation will include many factors, including the need for transplant, 
medical comorbidities, results of medical testing, suitability for major surgery, psy-
chiatric evaluation, and other psychosocial considerations. If a patient is accepted as 
a candidate for transplantation, the patient is most commonly placed on a wait-
ing list.

The transplant workup, evaluation, and candidate selection process vary depend-
ing on the transplant center, organ(s) affected, the patient’s underlying disease, the 
urgency of transplantation, and many other individual patient factors. The informa-
tion provided here is not intended to be comprehensive; rather, it will hopefully 
provide the primary care provider an overview of what the solid organ transplant 
recipient who presents to the outpatient clinic may have experienced prior to 
transplantation.

The pre-transplant evaluation is summarized in Table 2.1.

 History and Exam

The initial pre-transplant medical evaluation will include a detailed history and 
physical exam. Active or chronic medical conditions are treated or optimized prior 
to transplantation. Severe medical conditions may be contraindications to transplan-
tation, including untreatable significant dysfunction of another major organ system 

Table 2.1 Pre-transplant evaluation History and exam
Laboratory testing
Functional status
Nutrition and body mass index
Bone density
Cardiopulmonary assessment
Dental evaluation
Family planning (if applicable)
Infection screening
Immunizations
Cancer screening
Surgical evaluation
Psychosocial evaluation

D. Zhong and C. J. Wong
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(unless combined organ transplantation can be performed), uncorrected atheroscle-
rotic disease with end-organ ischemia or coronary disease not amenable to revascu-
larization, and other severe and uncorrectable diseases that may lead to a significantly 
shortened life expectancy [15, 16].

 Laboratory Testing

Typical laboratory testing is shown in Table  2.2. In addition to routine testing, 
patients are evaluated for their risk of prior sensitization, including whether they 
have a history of blood or platelet transfusions, pregnancies, abortions, or previous 
transplants [15]. Patients are screened prior to transplant to help identify and treat 
active infections pre-transplant, to recognize infectious risks including latent infec-
tions, and to help prevent and manage post-transplant infections [17] (see 
“Infections” below).

Table 2.2 Typical pre-transplant laboratory tests

Routine tests [15, 18, 19]
  Complete blood count
  Kidney function and electrolytes
  Liver function tests
  Coagulation studies
  Urinalysis and urine culture
  Pregnancy test (if applicable) 
  Urine drug screen
Compatibility tests [15]
  ABO-Rh blood type
  Human leukocyte antigen (HLA) type
  Panel reactive antibody assay (PRA)
  Crossmatching
Infectious disease tests [17]
  Human immunodeficiency virus (HIV): HIV antibody/antigen screening
  Cytomegalovirus (CMV): CMV IgG
  Hepatitis B virus (HBV): HBV surface antigen (HBsAg), HBV core antibody (HBcAb-IgM 

and IgG, or total core antibody), HBV surface antibody (HBsAb)
  Hepatitis C virus (HCV): HCV antibody
  HCV nucleic acid amplification testing (NAAT)
  Epstein-Barr virus (EBV): EBV antibody (EBV viral capsid antigen IgG, IgM)
  Toxoplasma gondii: Toxoplasma IgG antibody
  Syphilis: available tests may vary by institution
  Tuberculosis: Purified protein derivative (PPD) or Interferon gamma release assay (IGRA)
  Additional testing if indicated by exposures and risk factors
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 Cardiopulmonary Screening

Screening is performed to evaluate for many cardiopulmonary conditions, includ-
ing coronary artery disease, cardiomyopathy and heart failure, pulmonary hyper-
tension, cardiac arrhythmias, valvular heart disease, and congenital heart disease 
[20]. Testing may vary by center, organ to be transplanted, and a patient’s indi-
vidual clinical features. Examples of cardiopulmonary testing are shown in 
Table 2.3.

 Functional Status, Nutrition, and Bone Density

Poor functional status with limited rehabilitation potential may be a contraindica-
tion to transplantation. A patient’s frailty can be assessed by whether they need 
assistance with activities of daily living (ADL), the sit-to-stand test, as well as 
whether they have unintentional weight loss and low physical activity [22]. Older 
age is increasingly not a contraindication by itself but is considered in the context of 
a patient’s functional status and comorbidities [23].

Obesity can be a contraindication to transplantation. Patients are usually consid-
ered poor candidates for transplantation if they have a body mass index 
(BMI) ≥  35  kg/m2 for lung transplant candidacy and BMI ≥  40  kg/m2 for liver 
transplant candidacy. Conversely, malnourished patients are usually considered 
poor candidates as well [16, 18].

Most patients will have bone densitometry measured with dual-energy X-ray 
absorptiometry (DEXA). As patients will take chronic glucocorticoids 

Table 2.3 Pre-transplant cardiopulmonary screening tests

Most patients [21]:
  Chest radiography (X-ray)
  Electrocardiogram (ECG)
Depending on age and comorbidities, many patients will undergo further evaluation [21]:
  Transthoracic echocardiogram (TTE)
  Cardiac stress testing
  Coronary angiography (if abnormal stress testing or echocardiogram)
Other testing considered may include [20]:
  Cardiopulmonary exercise testing (CPET)
  6-minute walk test (6MWT)
  Noninvasive coronary CT angiography (CCTA)
  Coronary artery calcium (CAC) score
  Right heart catheterization
Some patients may have additional pulmonary evaluation with [18]:
  Pulmonary function tests (PFTs)
  Chest computed tomography (CT) scanning
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post- transplantation, having baseline data is helpful for follow-up testing and man-
agement [18].

 Dental Evaluation

A dental evaluation is performed to evaluate for dental abscesses, dental caries, 
buried roots, and gum disease. Dental problems can be a source of post-transplant 
infection. Dental procedures are performed prior to transplantation whenever pos-
sible [18].

 Family Planning

Pregnancy in the first 12 months following transplantation is associated with both 
an increased risk of preterm delivery as well as graft dysfunction or rejection. It is 
therefore recommended to avoid pregnancy in the first year after transplantation 
[24]. A patient’s family planning goals should be addressed prior to transplantation, 
including contraception. Intrauterine devices (IUD) are a preferred and effective 
method of contraception that will avoid interactions with medications—if 
placed prior to transplantation, identifying the type of IUD and date of implantation 
is needed for future management.

 Organ-Specific Testing

Further organ-specific testing is performed in conjunction with specialist consulta-
tion. While all such testing is not necessary to review, especially if no longer rele-
vant (e.g., the organ is removed), some tests may be helpful for future management. 
For example, a patient with end-stage liver disease will likely have had esophago-
gastroduodenoscopy (EGD) performed to evaluate for esophageal varices—having 
the results of these evaluations may be useful for comparison if a repeat EGD is 
needed. Sometimes the workup for organ failure may uncover other syndromes that 
should be followed. For example, a monoclonal gammopathy may be identified dur-
ing workup for chronic kidney disease; even if it was not the underlying etiology for 
the patient’s kidney disease, it will still need to be followed post-transplantation. 
Finally, the explanted organ pathology may sometimes be useful. For example, a 
heart transplant recipient may have had negative biopsies, but on explant the finding 
of non-caseating granulomas may suggest sarcoidosis, a condition which could 
arise in other organs after transplantation.
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 Vaccines and Pre-transplant Prophylaxis

In most cases, the transplant team will attempt to make sure patients are as up to 
date as possible on vaccines prior to transplant [25]. Both inactivated and live- 
attenuated vaccines can be given to patients pre-transplant (unless otherwise contra-
indicated), but live vaccines are contraindicated post-transplant due to risk of 
disseminated infection. Additionally, vaccines have variable immunogenicity after 
transplant due to immunosuppression and thus may be less effective. Therefore, the 
pre-transplant window is a crucial time for most vaccines to be administered, ideally 
earlier in a patient’s disease course as immunogenicity can also decline due to the 
relative immunocompromise from organ failure. It is recommended that live vac-
cines be administered by ≥4 weeks prior to immunosuppression, and that inacti-
vated vaccines be administered ≥2 weeks prior to immunosuppression [24, 26]. All 
vaccines that are appropriate for age, exposure history, and immune status should be 
administered prior to transplantation according to the Centers for Disease Control 
(CDC) guidelines. In addition to the usual vaccine schedule, there are further rec-
ommendations for patients awaiting solid organ transplantation, which include hep-
atitis A, herpes zoster, and pneumococcal vaccination, as shown in Table 2.4 [25]. If 
a patient is unable to receive vaccinations prior to transplantation, an infectious 
disease specialist will typically assist with post-transplant vaccination decisions. 
(For post-transplant guidelines, see Chap. 12).

Less common vaccines that may have been given prior to transplant include 
meningococcus, Bacille Galmette-Guerin (BCG), smallpox, anthrax, rabies, yellow 

Table 2.4 Typical vaccination recommendations prior to solid organ transplantationa

Vaccine Type

Evaluate for 
serologic 
response? Notes

Influenza 
inactivated 
(IIV)

Inactivated No High-dose formulation often used

Influenza 
live-attenuated 
(LAIV)

Live- 
attenuated

No Intranasal vaccine*

Hepatitis B Inactivated Yes Various formulations (2-dose, 3-dose, or 4-dose 
series)

Hepatitis A Inactivated Sometimes Sometimes given in combined formulation with 
Hepatitis B vaccine

Tetanus Inactivated No
Pertussis 
(Tdap)

Inactivated No If no tetanus booster in the past 10 years, 
administer Tdap. At least one dose of acellular 
pertussis should be given in adulthood, especially 
women of child-bearing age and individuals in 
contact with infants.

Inactivated 
Polio

Inactivated No

H. influenzae 
type B

Inactivated Yes
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fever, Japanese encephalitis, typhoid, and cholera, depending on a patient’s expo-
sures and travel [25].

 Infections

Transplant candidates are assessed for past infections and a detailed exposure his-
tory (travel, residence, occupation, lifestyle, animal, and environmental) [17]. In 
addition to the routine laboratory testing shown in Table 2.2, further testing may be 
performed for patients with certain exposures or from endemic areas, including 

Table 2.4 (continued)

Vaccine Type

Evaluate for 
serologic 
response? Notes

S. pneumoniae Inactivated No There are two inactivated vaccines, PCV13 
(Prevnar 13®) and PPSV23 (Pneumovax 23®). See 
CDC guidelines for details, as timing and dosing 
vary based on indication. Most solid organ 
transplant recipients should have received at last 
PPSV23 prior to transplant, as it is indicated for 
patients with chronic lung disease, chronic liver 
disease, and chronic heart disease. Some patients 
will have also received PCV13 as it is indicated for 
patients with chronic renal failure, or if they were 
immunosuppressed pre-transplant for other medical 
conditions [27]. PCV13 should be completed 
8 weeks prior to PPSV23 [24]

Human 
papilloma virus 
(HPV)

Inactivated No Indicated for age 9–45 years

Measles, 
mumps, rubella 
(MMR)

Live- 
attenuated

Yes

Varicella (VAR 
or Varivax®)

Live- 
attenuated

Yes Given if not immune

Herpes zoster 
(recombinant 
zoster vaccine, 
RZV or 
Shringrix®)

Inactivated No Recommended for patients ≥50 years old. This is 
generally the preferred form of zoster vaccination 
due to its higher efficacy as compared with the 
live-attenuated vaccine, and because it is inactivated 
it will not delay transplantation

Herpes zoster 
(live zoster 
vaccine, LZV 
or Zostavax®)

Live- 
attenuated

No Two doses should be administered ≥3 months 
apart, while considering that live vaccines should 
be given ≥4 weeks prior to transplant [24]

aRecommendations change and should be reassessed periodically. All live vaccines are only 
administered if the patient is not already severely immunocompromised
*The intranasal, live- attenuated influenza vaccine is not recommended for adults age 50 and over; 
guidelines for this vaccine have changed periodically
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assessment for Strongyloides, Trypanosma cruzi, and Coccidioides species [17, 28]. 
A rigorous separate screening process is used for potential organ donors.

HIV infection does not preclude receiving transplantation, though HIV should be 
well-controlled prior to pursuing transplantation [29]. Patients with hepatitis B and 
chronic hepatitis C can still be considered for transplantation but are evaluated for 
liver cirrhosis and considered for antiviral treatment prior to transplant [16, 23].

Viral serologies such as CMV and EBV testing can be used to guide donor selec-
tion and to stratify risk. Transplant recipients who are CMV seronegative are at 
higher risk for CMV infection if the donor is CMV seropositive; similarly, recipi-
ents who are EBV seronegative are at higher risk for EBV infection and post- 
transplant lymphoproliferative disorder (PTLD) if the donor is EBV seropositive. 
These cases require additional post-transplant monitoring and prevention strategies 
(see Chaps. 8 and 10) [17].

 Colonization, Latent Infection, Chronic or Recurrent Infection, 
and Active Infection

Identification of infection risks can affect transplant candidacy and post-transplant 
treatment:

• Colonization: Microbial colonization can increase the risk of infection after 
transplantation. For example, a patient with cystic fibrosis awaiting lung trans-
plantation may be colonized with multi-drug resistant strains of bacteria such 
as Pseudomonas, Staphylococcus aureus, Stenotrophomonas, and Burkholderia, 
as well as fungi such as Aspergillus. Patients are carefully evaluated to exclude 
active infection. Colonization with certain multi-drug resistant organisms or 
virulent organisms such as Burkholderia is associated with poor outcomes 
after transplantation and may be weighed as a consideration against transplan-
tation [16]. Knowledge of this colonizing flora can aid in development of an 
individualized peri-transplant and post-transplant prophylactic antimicrobial 
regimen.

• Latent infection: Risk of recurrent infection is assessed and mitigated prior to 
transplantation. For example, a pre-transplantation history of active disease or 
seropositivity for coccidioidomycosis may warrant lifelong azole prophylaxis. In 
contrast, other endemic mycoses such as histoplasmosis are not routinely checked 
and do not directly alter management, but should be considered when evaluating 
a patient presenting with illness post-transplantation [17]. Patients with latent 
tuberculosis infection (LTBI) are ideally treated prior to transplantation [30].

• Chronic or recurrent infections: These infections generally require definitive 
treatment prior to transplantation. For example, patients with a history of severe 
and/or recurrent infection with Clostridioides difficile may receive secondary 
prevention with fecal microbiota transplant (FMT) or bezlotoxumab [31].

• Active or uncontrolled infections: These infections require treatment and often 
delay transplantation until the infection resolves or is controlled [17].
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 Cancer Screening

Pre-transplant evaluation requires age-appropriate cancer screening to be up to date. 
Patients with an active malignancy or recent history of malignancy will not be 
offered transplantation, as transplantation may not improve survival. Furthermore, 
immunosuppression increases the risk of malignancy post-transplant [32]. If a 
patient’s cancer has been treated and the patient has been disease-free for a certain 
period of time, they may often be evaluated for transplantation [16, 19]. All patients 
should remain up to date on gender and age-appropriate cancer screening, which 
may include colonoscopy, mammogram, Papanicolaou (Pap) smear, skin examina-
tion, and additional screening if indicated for the patient’s medical history (e.g., 
hepatocellular carcinoma screening for patients who have hepatitis B infection) [15].

 Surgical Evaluation

A patient’s surgical candidacy is a major component of the transplant evaluation, 
and factors in medical comorbidities as well as the patient’s functional and nutri-
tional status, as discussed above.

There are specific additional surgical considerations related to a patient’s indi-
vidual anatomy and history of prior surgeries and prior thromboses. Further workup 
such as CT scans or vascular studies may be warranted. Furthermore, depending on 
the organ site, there can be discussion of donor options (deceased, living, extended 
criteria donors). Specific comorbidities that confer especially high operative risk, 
such as portopulmonary hypertension in a patient with cirrhosis, will warrant evalu-
ation with anesthesia and consultation with specialists [18]. A full discussion of the 
surgical evaluation is beyond the scope of this book.

 Psychosocial Evaluation

The process of transplantation is fraught with difficult decisions and ethical dilem-
mas. Organs are a scarce resource. Although transplantation may be life-saving, 
patients are also encumbered by a lifelong need for medications, follow-up appoint-
ments, and management of care. Due to the immense post-transplant burden, the 
screening process for transplant candidacy encompasses many psychosocial factors, 
including having adequate social support, financial resources, and sufficient health 
literacy to be able to manage care. Unfortunately, these factors are often reflective 
of socioeconomic disparities [33].

Patients will be evaluated by a transplant social worker and often a transplant 
psychiatrist. There is not a universal evaluation metric, though several scoring scales 
exist [34, 35].
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Patients will typically be evaluated for [34]:

• Treatment adherence and health behaviors
• Mental health history
• Substance use history
• Cognitive status and capacity to give informed consent
• Knowledge and understanding of their current illness
• Knowledge and understanding of current treatment options
• Coping abilities
• Social support
• Social history

 Financial Evaluation

Depending on the country’s health care system, the patient’s insurance and the 
transplant center, financial approval may need to be secured at the beginning of the 
process to begin the transplant workup. In the United States, insurance coverage 
will be considered in terms of the costs of transplantation and post-transplantation 
care (including medication coverage), and the transplant center will typically have 
staff to assist with financial planning.

 Psychiatric Evaluation

Patients with psychiatric disorders are required to have their diseases well- controlled 
prior to transplantation [16, 18]. Patients who are already taking psychotropic medi-
cations may need to have medications stopped or dose-reduced once transplant 
immunosuppression is introduced. For example, patients with bipolar disorder are 
often switched off of lithium to avoid postoperative metabolic shifts or renal insuf-
ficiency that could lead to medication toxicity. Such decisions should be made in 
conjunction with a transplant psychiatrist and a transplant pharmacist [36].

Depression and anxiety are common post-transplantation, either de novo or 
recurrent—knowing the patient’s pre-transplant psychiatric history can be helpful 
with management after transplantation. Post-transplant patients have an increased 
risk of suicide and should be assessed regularly for mood disorders [37] (see 
Chap. 12).

 Medication Adherence

Medication adherence is an important aspect of the psychosocial assessment. It is 
considered a contraindication to transplantation if a patient has current or a repeated 
history of medication non-adherence. Although a patient who has received a solid 
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organ transplant will have passed adherence screening prior to transplant, data sug-
gest that adherence may be an ongoing concern after transplantation. Rates of post- 
transplantation medication nonadherence have been reported to be up to 36% in 
kidney transplant recipients and 7–15% in other transplant types [38]. Younger 
patients may be at higher risk for medication nonadherence: Kidney transplant 
recipients who are older adolescents and young adults (aged 17–24 years) have the 
highest risk of graft failure irrespective of transplant age; this is felt in part to be 
related to higher rates of immunosuppressive therapy nonadherence [39].

 Substance Use

Ongoing substance abuse or dependence is a contraindication to transplantation. 
Evaluation for transplant often includes screening tests for nicotine use, alcohol, 
and recreational drugs. Illness related to substance use may be the primary reason 
that a patient requires transplantation, such as alcoholic cirrhosis, or chronic 
obstructive pulmonary disease due to smoking. If a patient is able to be treated for 
substance use pre-transplant and has good prognostic factors, they may then be 
reassessed for transplant candidacy [16].

• Tobacco: Smoking is a contraindication to lung transplantation. For other organ 
transplantation, smoking cessation is strongly preferred as smoking is associated 
with worse outcomes post-transplantation including increased risk of graft loss, 
cardiovascular events, and malignancy [40].

• Alcohol: Patients with alcoholic cirrhosis who have ceased alcohol use (typically 
6 months, but may vary by transplant center) may be assessed for liver transplan-
tation. However, sobriety for a certain time period is often not sufficient, as a 
pattern of use and subsequent return to use may portend a high risk of returning 
to use after transplantation; rather, patients with serious alcohol use disorders are 
referred to formal alcohol treatment programs [18].

• Marijuana: Institutions have varying policies regarding marijuana, but in most 
cases usage is unfavorable [16, 41].

• Opioid use disorder: Patients who have a well-controlled opioid-use disorder 
treated with methadone may still be considered for solid organ transplantation, 
and it is not required for transplant listing that methadone doses be reduced or 
discontinued [18]. Treatment with buprenorphine-naloxone for opioid use disor-
der is not a contraindication, but a transplant pharmacist should be consulted for 
perioperative and postoperative management.

 Transplantation

Patients who successfully complete the pre-transplant evaluation and are approved 
by the transplant committee are then placed on a waiting list, unless the case is con-
sidered emergent. The waiting process can be among the most difficult and stressful 
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parts of the pre-transplant process. Despite yearly growth in the number of success-
ful transplants performed, still more patients remain on the waiting list: in August 
2019, over 124,000 individuals in the United States remained on the waiting list for 
an organ, over 3 times as many as were transplanted the year before [42]. Mortality 
while awaiting a transplant is significant; an estimated 20% of patients on the lung 
transplant waiting list will become too sick to transplant or die while on the waiting 
list [43, 44]. In addition to the numerical odds, the waiting process can be long and 
marked by worsening medical complications.

In some cases, patients are called for organ transplantation but do not receive an 
organ due to poor viability of the donated organ or other reasons—some patients 
have experienced several false alarms prior to transplantation.

Organ allocation and the initial transplant hospitalization are beyond the scope of 
primary care and are not covered in this book. Some patients have an uneventful 
course while others may have a difficult initial hospitalization. Early complications 
can include acute rejection, problems with the vascular or other anastomoses, 
thrombosis, and infection.

 Returning to Primary Care

Patients who make it through the initial post-transplant hospitalization are usually 
discharged with prophylaxis against infections (see Chap. 8) and typically have a 
high dose of immunosuppression. In most cases, during the initial post-transplant 
period, patients will be cared for primarily by the transplant team.

After a period of time, the stable patient may “graduate” from the transplant 
program and be cared for by a community specialist along with a primary care pro-
vider. For example, a liver transplant recipient might return to primary care after 
6 months and also be routinely followed by his or her local gastroenterologist; the 
patient may still return yearly to the transplant center (and more often if complica-
tions arise). The transition to primary care and local specialty care varies by trans-
plant center, the patient’s unique needs and preferences, and proximity to the 
transplant center.

 Taking a Transplant History

When a solid organ transplant recipient enters (or re-enters) primary care, basic 
information should be obtained to optimize future care. The following data should 
be gathered (see Table 2.5) [45]:
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Table 2.5 History-taking for the solid organ transplant recipient

History element Example Notes

Transplanted organ
  Indication
  Pre-transplant 

course

Lung transplant, bilateral
For cystic fibrosis, diagnosed at 
age 5
Prior to transplant, had repeat 
exacerbations
Also has non-pulmonary 
complications of cystic fibrosis 
(sinusitis, history of intestinal 
obstruction)

Pre-transplant course varies widely.
For renal transplant recipients, helpful 
to know if prior history of dialysis and 
type of dialysis access

Time course Date of transplant (month/year) The time since transplantation may 
affect target drug levels and risk of 
infection and malignancy

Graft function Spirometry (date) FEV1, FVC.
Last bronchoscopy, if 
performed (date) (results)

Assessment will vary depending on the 
transplanted organ

Complications
  Surgery-related
  Infections
  Rejection episodes 

(acute or chronic)

Bronchial stenosis, status post 
airway dilation × 2
Pneumonia in (month/year), 
bronchoscopy negative for 
rejection, fungal or viral 
infections; treated as 
community-acquired 
pneumonia
No episodes of rejection

If episodes of rejection, review 
treatment and doses (e.g., 
glucocorticoids, or increase in other 
immunosuppression)

Medications Tacrolimus 2 mg twice daily
Mycophenolate mofetil 500 mg 
twice daily
Prednisone 5 mg once daily

See Chap. 3
If known, goal trough levels helpful to 
document

Serologic status
  Epstein-Barr Virus 

(EBV)
  Cytomegalovirus 

(CMV)

EBV D+/R−
CMV D+/R+

D = Donor, R = Recipient
The highest risk for EBV-related 
complications is in donor positive/
recipient negative patients
CMV prophylaxis is often given in the 
initial post-transplant period, 
depending on serostatus of the donor 
and recipient, as well as the induction 
immunosuppression used.
See Chap. 8

Metabolic 
complications

Hypertension
Hypomagnesemia
Chronic kidney disease stage 3
Osteopenia: T-score −2.1, no 
history of facture

See Chap. 11
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 Transplanted Organ

• Clearly listing the transplanted organ(s) and indication is helpful. Note that lung 
transplants can be single or bilateral. For kidney transplants, it is useful to docu-
ment where the graft is located (usually in the lower pelvis—list which side). 
When applicable, the type of donor should be listed (kidney transplant recipients 
may have a living or cadaveric donor).

• Knowing the disease that led to organ transplantation is important, as it may 
recur in the graft. Examples include hepatitis C or autoimmune hepatitis that can 
develop again in the transplanted liver.

• A systemic condition or risk factor that led to organ transplantation may continue 
to affect other organ systems. Smoking may lead to chronic obstructive pulmo-
nary disease and subsequent lung transplantation, but it may also be a risk factor 
for other cancers in the future. Cystic fibrosis may lead to lung transplantation, 
but its effects on the liver and gastrointestinal tract may continue. Alcohol use 
may recur in the liver transplant recipient, but even prior use may still be a risk 
factor for subsequent cancers.

• The pre-transplant course is often useful to review. Renal transplant recipients 
who have received hemodialysis may still have a fistula for access. Liver trans-
plant recipients may have had recurrent gastrointestinal bleeding or encepha-
lopathy, important considerations should graft failure occur.

 Time Course

• As is discussed in Chap. 8, the time course after transplantation affects the gen-
eral likelihood of opportunistic infections.

• Early infections (within the first month post-transplantation) are likely to be nos-
ocomial or donor-derived, and are not typically encountered in primary care, as 
the patient will often primarily be in the care of the transplant team.

• In the 1–6 month time period, opportunistic infections can occur because of the 
higher levels of immunosuppression. Patients are usually still receiving the bulk 
of their care from the transplant team.

• After 6  months, community-acquired infections are common although some 
opportunistic infections still occur. For patients who experience a relatively 
uncomplicated post-transplantation course, many can transition the majority of 
their routine care to primary care around this time.

• If there is an episode of rejection that necessitates a higher level of immunosup-
pression, the time course is effectively “reset,” with opportunistic infections 
becoming more likely.
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 Graft Function

• At primary care visits, providers should ask about symptoms of organ 
dysfunction.

• Surveillance studies of graft function should be reviewed. These tests are 
expected to be performed by the patient’s specialist (typically either at the trans-
plant center or by the local specialist). Function may be assessed by laboratory 
studies (creatinine in renal transplant recipients, hepatic function tests in liver 
transplant recipients), functional testing (spirometry in lung transplant recipi-
ents, echocardiograms in heart transplant recipients). Further testing varies by 
organ, transplant center, and individual patient, and may include imaging, biop-
sies, and immunosuppression levels.

• For more details, see organ-specific chapters (Chaps. 4, 5, 6, and 7).

 Complications

• Surgery-related complications may include arterial or venous thrombosis, 
problems with vascular or other anastomoses, hernias, and surgical site infec-
tions. Organ-specific complications may occur. For example, hepatic artery 
thrombosis may occur early in liver transplantation; cardiac allograft vascu-
lopathy is a unique form of coronary disease in the heart transplant recipient; 
lung transplantation can be complicated by airway stenoses requiring dilation.

• Opportunistic infections should be reviewed, including what organism, how the 
infection was confirmed, and what treatment was administered.

• Organ rejection should be asked about but also reviewed carefully in the medical 
record, as the presentation can vary widely. Sometimes organ rejection is asymp-
tomatic and found on routine biopsy—therefore, patients may only be superfi-
cially aware of it.

• For more details, see organ-specific chapters (Chaps. 4, 5, 6, and 7).

 Medications

• A thorough medication history should be taken, including supplements and non- 
transplant medications, as drug interactions are common. If patients see other 
providers who prescribe medications, those records should be obtained and 
reviewed.
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• Adherence should be investigated. With good pre- and post-transplant education, 
patients are doubtless aware of the implications of having a transplanted organ 
and the importance of strict adherence to immunosuppressive medications. 
Nevertheless, many patients feel burdened not only by their transplantation and 
fear of graft rejection, but also by their medications, with concern for cancers and 
infections as a risk of their immunosuppression [46]. There is a significant post- 
transplant financial and emotional burden from medications, medical appoint-
ments, and hospitalizations [35, 46].

• Side effects should be addressed, both to help assess a patient’s tolerance of their 
medications, but also as a factor potentially affecting adherence. Familiarity with 
common side effects of anti-rejection medications will facilitate history-taking 
about symptoms.

• Depending on the immunosuppression medication, the transplant specialist will 
be following medication levels. These are typically trough levels (i.e., immedi-
ately before the next dose). It is helpful to document the goal trough level if it 
is known.

• Anti-rejection medications are reviewed in Chap. 3.

 Serologic Status

• Obtaining and documenting the EBV and CMV data for the recipient and the 
donor is useful, as it may affect viral prophylaxis (which will typically be man-
aged by the transplant specialist) but also the risk of future infection or malig-
nancy (See Chaps. 8 and 10).

 Metabolic Complications

• Ask about and review the patient’s chart for metabolic complications and comor-
bidities, including electrolyte imbalances, diabetes, hypertension, osteoporosis, 
and history of cancer (See Chap. 11).

 Examination

• General physical examination should be performed as with non-transplant 
patients.

• Examine the surgical incision for signs of infection or hernia.
• Examine the transplanted organ system for signs of dysfunction.

 – The heart transplant recipient should have a thorough cardiopulmonary exam 
evaluating for signs of heart failure. The transplanted heart is denervated and 
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patients may not have classic angina if coronary artery disease occurs. 
Tachycardia may be a sign of rejection.

 – The lung transplant recipient may have received a single or double lung trans-
plant. Single lung transplant recipients may still have serious disease in the 
native lung. In the transplanted lung, rales or dyspnea may signal infection or 
rejection, but often rejection can be subtle without prominent exam findings.

 – The liver transplant recipient should be examined for signs of cirrhosis; oth-
erwise, dysfunction may not present on exam but instead be detected on labo-
ratory findings. Splenomegaly may persist after transplantation.

 – The kidney transplant recipient will typically have the transplanted kidney 
seated in the lower pelvis, often palpable on exam. The abdominal exam 
should be conducted with care—while one should look for signs of inflamma-
tion, one should not apply excessive pressure on the transplanted kidney itself.

 – For more details, see Chaps. 4, 5, 6, and 7.

 Establishing a Follow-Up Plan

• Patients who are doing very well—e.g., with a well-functioning graft, good 
adherence, and no history of graft rejection or opportunistic infections—might 
only need to see primary care and the transplant clinic yearly, with more frequent 
laboratory monitoring in between.

• Other patients who are at higher risk may continue quarterly visits, or even more 
frequently.

• Practice varies by transplant center and organ transplanted.
• Establish preventive health recommendations. Future metabolic testing should 

be assessed and coordinated with the transplant team. A plan for future immuni-
zations should be made, and patients should be reminded that they can no longer 
receive live vaccines. For additional discussion, see Chap. 12.

 Pearls

• Inquire about the pre-transplant process. Many patients will be forward-thinking 
and not wish to relive the pre-transplant process. However, if the primary care 
provider did not care for the patient pre-transplant, it can be useful to explore the 
pre-transplant course from the patient’s perspective. For many patients, their life 
prior to transplantation is marked by years of chronic illness. The process of trans-
plant evaluation can be a lengthy and harrowing one for many patients, and the 
subsequent wait for transplantation is yet another ordeal. Some patients have to 
travel great distances from their home. As organs are a scarce resource, the waiting 
process can be emotionally and psychologically difficult. Some patients have expe-
rienced healthcare-related trauma from intensive-care unit or other hospital stays.

2 Overview of Solid Organ Transplantation for Primary Care Providers
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Conversely, a smaller proportion of patients may have had a brief severe illness 
prior to transplantation. For example, a previously healthy patient presenting 
with acute fulminant liver failure may not have had the physical and psychologi-
cal sequelae of chronic illness, or may have had limited primary care contact 
prior to transplantation.

• Recordkeeping. Gathering the pre-transplant and post-transplant information for a 
solid organ transplant recipient can be challenging, depending on the medical record 
system, whether the primary care provider and transplant specialists practice in the 
same healthcare system, and the culture of communication between providers. 
Ideally, the transplant team has summarized the pre-transplant evaluation in their 
documentation, with similarly detailed post-transplant surveillance in the medical 
record. However, obtaining additional records is sometimes required. These base-
line tests can be very helpful as a basis of comparison if complications arise.

• Communicate and consult early. While one goal of this book is to improve the 
primary care provider’s familiarity with the care of solid organ transplant recipi-
ents, even with the most meticulous care, the health of a solid organ transplant 
recipient can decline rapidly. If there is concern for graft dysfunction or an oppor-
tunistic infection, the primary care provider should consult with the transplant 
specialist. Many specialty centers have medical specialists who have additional 
expertise in transplant medicine (e.g., a transplant infectious disease specialist or 
a transplant pharmacist). It is recommended to review the expertise in one’s local 
practice area, as well as the preferred consultants of the patient’s transplant team. 
If there is uncertainty about an aspect of a patient’s care, it is best to err on the side 
of communicating with the transplant team. Most transplant centers have a robust 
multidisciplinary team to help communicate and coordinate care.

 Conclusion

Primary care providers have an increasingly vital role in the outpatient care of solid 
organ transplant recipients. While care of such patients can be complex, the ability 
to review a patient’s prior transplant evaluations and assess the patient’s current 
health status prepares the primary care provider to optimize future preventive care 
and address acute medical concerns.
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Chapter 3
Anti-rejection Medication Therapy 
in the Adult Solid Organ Transplant 
Recipient

Lydia Sun, Tyra Fainstad, and Christopher Knight

 Introduction

Immunosuppressive medications reduce the risk of graft rejection, and without them, 
successful organ transplant would be impossible. Unfortunately, these medications 
also cause over half of transplant-related deaths, due to infections, cancer, and other 
risks related to long-term use [1]. Proper use and early recognition of adverse effects 
are crucial to a transplant recipient’s health and survival. Once a patient is through 
the acute postoperative setting, primary care providers need to be comfortable recog-
nizing adverse effects of immunosuppressive medications in order to provide well-
informed, coordinated care with transplant specialists. They also have primary 
responsibility for managing interactions with new and existing medications [2].

 Typical Immunosuppressant Course

The goals of immunosuppression are to prevent graft rejection, improve graft sur-
vival, while minimizing adverse effects including metabolic side effects, infection, 
and malignancy, in order to improve overall patient survival and quality of life (see 
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Table 3.1). Conventional maintenance regimens consist of a combination of immu-
nosuppressive agents that differ by mechanism of action. A multidrug strategy 
 maximizes overall effectiveness of the immunosuppressants, while also minimizing 
medication adverse effects [3].

Patients are typically treated with anti-rejection medications in two phases: 
induction and maintenance (see Fig.  3.1). In the induction phase, high doses of 
multiple immunosuppressants are given immediately postoperatively until a few 
weeks after transplantation. Immunosuppression is usually heavier in this period 
when the risk of rejection is higher due to a number of factors including preserva-
tion injury of the graft and sudden exposure of the recipient immune system to a 
load of foreign antigen. The maintenance phase starts several weeks to 3 months 
later and lasts through the life of the transplanted organ [4].

According to SRTR (Scientific Registry of Transplant Recipients) data from 
2018, the triple regimen of tacrolimus, mycophenolate, and prednisone is the most 
common maintenance regimen at discharge, with use ranging from just over 60% in 
kidney transplant recipients, 63% in liver transplant recipients, to over 85% in lung 
and heart transplant recipients [5].

After 6–12  months, immunosuppression regimens are generally stably main-
tained, unless there is a specific reason, such as infection, malignancy, or drug toxic-
ity, to reduce immunosuppression further. The optimal maintenance therapy in solid 
organ transplantation is not established, but immunosuppressant levels required to 
achieve a state of immune tolerance and graft survival differ between transplanted 
organs for unclear reasons [6]. As a general rule of thumb, lung, intestine and heart 
transplant recipients require a higher level of immunosuppression than kidney and 
liver recipients [6].

Table 3.1 Goals of immunosuppression in transplant recipients

Prevent graft rejection
Improve graft survival
Improve patient survival
Minimize medication side effects
Improve patient quality of life

•  First few weeks postop
•  Higher doses 

•  Starts after induction, usually several
   weeks to 3 months postop
•  Lower doses
•  Continues for life

Induction Maintenance

Fig. 3.1 Phases of anti-rejection medication use in transplant recipients

L. Sun et al.
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For the purposes of this chapter, we will focus on maintenance medications as 
these are primarily what the primary care provider will encounter.

 Overview of Classes of Medications

The main classes of anti-rejection medications that are used for maintenance include 
calcineurin inhibitors, antiproliferative/antimetabolites, corticosteroids, and mam-
malian target of rapamycin (mTOR) inhibitors. High doses of corticosteroids are 
used early after transplantation, but are generally tapered as quickly as possible 
because of their long-term toxicity [7]. Mechanisms of action are shown in Table 3.2. 
Dosing, pharmacokinetics, and side effects are shown in Table 3.3.

 Monitoring

Because most immunosuppressants have a narrow therapeutic index and blood con-
centrations vary significantly between individuals, therapeutic drug monitoring is 
essential to maintain efficacy while minimizing toxicity [7]. The calcineurin inhibi-
tors (tacrolimus, cyclosporine) and mTOR inhibitors (sirolimus, everolimus) require 
routine therapeutic drug monitoring of trough concentrations as described in 
Table 3.3. A stable patient typically has laboratory studies drawn every 3 months 
after the first year, although this will be individualized based on center protocols and 
patient factors. Primary care providers should review the most recent laboratory 
 testing—if there has been no testing in the past 3 months, then the patient and/or 
primary care provider should contact the transplant center, as the patient is likely 
overdue.

Table 3.2 Mechanism of action of common anti-rejection medications [1, 2, 7, 8]

Immunosuppressant General mechanism of action Specific mechanism of action

Calcineurin inhibitors
Tacrolimus (Prograf®)
Cyclosporine (Neoral®, 
Sandimmune®)

Inhibitors of T-cell activation 
(early)

Block IL-2 production

Antimetabolites
Mycophenolate (Cellcept®, 
Myfortic®)
Azathioprine (Imuran®)

Inhibitors of T-cell 
production

Block DNA (nucleotide) 
synthesis

Corticosteroids
Prednisone
Methylprednisolone

Non-specific inhibitors of 
immune function

Block IL-1 production

mTOR Inhibitors
Sirolimus (Rapamune®)
Everolimus (Afinitor®)

Inhibitors of T-cell activation 
(late)

Inhibit IL-2 activity and 
activation of cell cycle

IL interleukin, mTOR mammalian target of rapamycin

3 Anti-rejection Medication Therapy in the Adult Solid Organ Transplant Recipient
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Monitoring is done via trough levels, which are drawn just prior to the next 
dose—for example, a patient who takes tacrolimus at 9 am and 9 pm may come to 
the lab to have blood drawn between 8–9 am (or between 8–9 pm if the laboratory 
is open). Trough levels correlate reasonably well with the area under the curve 
(AUC), with total AUC being an accurate measure of drug exposure [9]. Most solid 
organ transplant recipients are accustomed to knowing that they should be having 
trough levels drawn. However, if a patient has a non-trough blood level drawn, as 
might occur in an urgent-care or emergency department visit, then that level may 
need to be discussed with the transplant team, and likely would need to be redrawn 
as a trough level.

The frequency of drug level monitoring should be increased following dose 
adjustments, as well as in the following situations that a primary care provider may 
encounter (Table 3.4) [9]:

It is best to alert the transplant team when one of these situations occurs if they 
are not already engaged. While primary care providers may not be making routine 
dose adjustments, they are frequently involved with changes in interacting drugs, 
intercurrent illnesses, or changes in nutritional status.

The clinical utility of concentration monitoring for mycophenolate has been 
questioned as studies have uncovered conflicting results. There is no high level evi-
dence of a strong association between troughs and outcome or between troughs and 
AUC; therefore, it is not very informative for adjusting doses or predicting toxicity 
[9]. Occasionally, providers will obtain mycophenolate levels to assess adherence 
due to unexpected acute rejection, validate dose reduction due to adverse gastroin-
testinal side effects, or in case of drug interaction [10].

Adherence can be a significant issue. As discussed previously (see Chap. 2), 
medication nonadherence has been reported in 7–36% of transplant recipients, 
with increased rates in younger kidney transplant recipients [11, 12]. Patients who 
are poorly adherent to immunosuppressive medications are more likely to experi-
ence graft failure or rejection, and if nonadherence is not discovered, they are at 
risk of further harm by changes in their immunosuppressive treatment that may not 
have been necessary if their doctor had known [3, 5]. Being aware of common side 
effects (see Table 3.3) can guide primary care providers in knowing what ques-
tions to ask.

Table 3.4 Indications to increase drug level monitoring in solid organ transplant recipients

Suspected adverse events or rejection
Deteriorating graft function
Route of administration or formulation changes
Discontinuation or addition of drugs known to interact with immunosuppressants
If the patient acquires a severe illness such as sepsis that may affect drug absorption/elimination
If nonadherence is suspected

3 Anti-rejection Medication Therapy in the Adult Solid Organ Transplant Recipient
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 Drug-related Complications

Immunosuppressive medications can cause complications from both direct side 
effects (renal insufficiency, diabetes, cardiovascular disease, and others as discussed 
in Chap. 11) as well as persistently low immune defenses (infections and malignan-
cies) [13]. Specific drug-related complications and adverse effects are outlined in 
Table 3.3.

Infection is a common cause of morbidity and mortality among patients receiv-
ing immunosuppression. It is the second cause of death after cardiovascular disease. 
The risk of infection following transplantation depends on the recipient’s degree of 
immunosuppression, epidemiologic exposures, and consequences of invasive pro-
cedures (see Chap. 8) [14].

The risk of malignancy is two- to fourfold higher in transplant recipients than 
age-, sex-, and race- matched individuals from similar geographic areas. Not only 
are cancers common, but they tend to be more aggressive and are associated with 
increased mortality among transplant recipients than in the general population [15]. 
(See Chap. 10).

The incidence of cancer is highest for malignancies related to viral infections, 
including non-Hodgkin lymphoma (Epstein-Barr virus), Kaposi sarcoma (human 
herpesvirus 8), liver (hepatitis B and hepatitis C viruses), and anogenital cancers 
(human papilloma virus). The increased risk of these cancers is related to impaired 
immune control of these oncogenic viruses [14]. Azathioprine and cyclosporine 
also directly enhance the carcinogenic effects of ultraviolet (UV) radiation via 
inhibiting DNA repair resulting in apoptosis of keratinocytes [15].

 Drug Interactions [16, 17]

Interactions affecting drug metabolism are common in solid organ transplant recipi-
ents and typically involve specific elements of the cytochrome P-450 enzyme system 
(CYP) as well as P-glycoprotein (Pg-p). The combination of immunosuppressive 
drugs, which have a narrow therapeutic index, with medications for the treatment of 
common comorbidities such as dyslipidemia, infection, psychiatric conditions, and 
hypertension, can lead to life-threatening drug interactions. It is critical for primary 
care providers to understand these interactions, their impact on patient care, and man-
agement strategies [14]. A summary of common drug interactions is listed in Table 3.5.

 Pregnancy and Breast-Feeding

Pregnancy is generally discouraged in the first year after transplantation, and after-
ward may be considered in select patients. Immunosuppression may need to be 
adjusted during pregnancy. The primary care provider should discuss the desire for 

L. Sun et al.



41

Ta
bl

e 
3.

5 
C

om
m

on
 d

ru
g 

in
te

ra
ct

io
ns

 to
 c

on
si

de
r 

in
 s

ol
id

 o
rg

an
 tr

an
sp

la
nt

 r
ec

ip
ie

nt
s

Im
m

un
os

up
pr

es
sa

nt
In

te
ra

ct
in

g 
dr

ug
(s

)
M

ec
ha

ni
sm

C
on

se
qu

en
ce

s/
m

an
ag

em
en

t

C
yc

lo
sp

or
in

e,
 

ta
cr

ol
im

us
, s

ir
ol

im
us

, 
ev

er
ol

im
us

A
nt

if
un

ga
ls

:

K
et

oc
on

az
ol

e
In

hi
bi

tio
n 

of
 C

Y
P3

A
4

↑ 
im

m
un

os
up

pr
es

sa
nt

 le
ve

ls
, r

ep
la

ce
m

en
t 

of
 k

et
oc

on
az

ol
e 

fo
r 

ot
he

r 
az

ol
e 

de
ri

va
tiv

es
Fl

uc
on

az
ol

e,
 v

or
ic

on
az

ol
e,

 it
ra

co
na

zo
le

, 
cl

ot
ri

m
az

ol
e

In
hi

bi
tio

n 
of

 C
Y

P3
A

4
D

os
e 

re
du

ct
io

n 
of

  i
m

m
un

os
up

pr
es

sa
nt

 is
 

ne
ce

ss
ar

y;
 v

or
ic

on
az

ol
e 

– 
si

ro
lim

us
 

co
m

bi
na

tio
n 

is
 c

on
tr

ai
nd

ic
at

ed
 (

if
 m

us
t b

e 
us

ed
, 5

0–
90

%
 d

os
e 

re
du

ct
io

n 
of

 s
ir

ol
im

us
 

an
d 

cl
os

e 
m

on
ito

ri
ng

)
A

nt
ib

io
ti

cs
:

C
la

ri
th

ro
m

yc
in

, e
ry

th
ro

m
yc

in
, 

az
ith

ro
m

yc
in

In
hi

bi
tio

n 
of

 C
Y

P3
A

4 
Q

T
 p

ro
lo

ng
at

io
n

↑ 
im

m
un

os
up

pr
es

sa
nt

 le
ve

ls
, a

dd
iti

ve
 r

is
k 

fo
r 

Q
T

 p
ro

lo
ng

at
io

n 
(a

ss
es

s 
ba

se
lin

e 
E

C
G

, 
m

on
ito

r 
ro

ut
in

el
y 

if
 a

nt
ib

io
tic

 c
ou

rs
e 

is
 

pr
ol

on
ge

d)

N
ot

e:
 C

Y
P3

A
4 

in
hi

bi
tio

n 
is

 a
 m

or
e 

si
gn

ifi
ca

nt
 r

is
k 

w
ith

 c
la

ri
th

ro
m

yc
in

 a
nd

 
er

yt
hr

om
yc

in
 a

nd
 th

es
e 

ar
e 

ge
ne

ra
lly

 
av

oi
de

d

Q
T

 p
ro

lo
ng

at
io

n 
is

 a
 m

or
e 

si
gn

ifi
ca

nt
 r

is
k 

w
ith

 a
zi

th
ro

m
yc

in
 a

nd
 m

ay
 b

e 
us

ed
 w

ith
 

ca
ut

io
n 

if
 n

ec
es

sa
ry

T
ri

m
et

ho
pr

im
/s

ul
fa

m
et

ho
xa

zo
le

H
yp

er
ka

le
m

ia
A

dd
iti

ve
 r

is
k 

fo
r 

hy
pe

rk
al

em
ia

 (
m

on
ito

r 
cl

os
el

y)
R

if
am

pi
n

In
du

ct
io

n 
of

 C
Y

P3
A

4
↓ 

im
m

un
os

up
pr

es
sa

nt
 le

ve
ls

(c
on

tin
ue

d)

3 Anti-rejection Medication Therapy in the Adult Solid Organ Transplant Recipient



42

Fl
uo

ro
qu

in
ol

on
es

Q
T

 p
ro

lo
ng

at
io

n
A

dd
iti

ve
 r

is
k 

fo
r 

Q
T

 p
ro

lo
ng

at
io

n 
(a

ss
es

s 
ba

se
lin

e 
E

K
G

, m
on

ito
r 

ro
ut

in
el

y 
if

 
an

tib
io

tic
 c

ou
rs

e 
is

 p
ro

lo
ng

ed
)

A
nt

iv
ir

al
 a

ge
nt

s:

R
ito

na
vi

r
In

hi
bi

tio
n 

of
 C

Y
P3

A
4

↑ 
im

m
un

os
up

pr
es

sa
nt

 le
ve

ls
L

ip
id

 lo
w

er
in

g 
ag

en
ts

:

si
m

va
st

at
in

, l
ov

as
ta

tin
In

cr
ea

se
d 

st
at

in
 e

xp
os

ur
e 

by
 c

al
ci

ne
ur

in
 

in
hi

bi
to

rs
, e

sp
ec

ia
lly

 c
yc

lo
sp

or
in

e 
(i

nh
ib

its
 C

Y
P3

A
4)

↑ 
ri

sk
 o

f 
m

yo
pa

th
y 

an
d 

rh
ab

do
m

yo
ly

si
s

Pr
av

as
ta

tin
 o

r 
ro

su
va

st
at

in
 a

re
 p

re
fe

rr
ed

, 
al

th
ou

gh
 o

th
er

 s
ta

tin
s 

ha
ve

 b
ee

n 
us

ed
 

su
cc

es
sf

ul
ly

. I
f 

ot
he

r 
st

at
in

s 
co

ns
id

er
ed

, 
re

du
ce

 d
os

e 
to

 5
0%

 p
ri

or
 to

 s
ta

rt
in

g 
im

m
un

os
up

pr
es

si
ve

 m
ed

ic
at

io
n 

an
d 

m
on

ito
r 

fo
r 

m
yo

pa
th

y 
if

 u
pt

itr
at

io
n 

re
qu

ir
ed

; d
is

cu
ss

 w
ith

 tr
an

sp
la

nt
 te

am

(N
ot

e:
 a

ll 
he

ar
t t

ra
ns

pl
an

t r
ec

ip
ie

nt
s 

re
ce

iv
e 

st
at

in
 th

er
ap

y)
 (

se
e 

C
ha

p.
 1

1)
A

nt
ih

yp
er

te
ns

iv
e 

ag
en

ts
:

A
C

E
-I

/A
R

B
N

ep
hr

ot
ox

ic
ity

A
dd

iti
ve

 r
is

k 
fo

r 
ne

ph
ro

to
xi

ci
ty

 in
 

co
m

bi
na

tio
n 

w
ith

 im
m

un
os

up
pr

es
si

on
 

(P
ra

ct
ic

es
 v

ar
y:

 d
ih

yd
ro

py
ri

di
ne

 c
al

ci
um

 
ch

an
ne

l b
lo

ck
er

s 
su

ch
 a

s 
am

lo
di

pi
ne

, a
nd

 
so

m
et

im
es

 b
et

a 
bl

oc
ke

rs
, a

re
 o

ft
en

 u
se

d 
in

iti
al

ly
 a

ft
er

 tr
an

sp
la

nt
. I

n 
a 

st
ab

le
 p

at
ie

nt
, 

>3
–6

 m
on

th
s 

af
te

r 
tr

an
sp

la
nt

at
io

n,
 A

C
E

-I
 

an
d 

A
R

B
 m

ay
 b

e 
us

ed
 w

ith
 c

ar
ef

ul
 

m
on

ito
ri

ng
 o

f 
po

ta
ss

iu
m

 a
nd

 r
en

al
 f

un
ct

io
n)

D
ilt

ia
ze

m
, v

er
ap

am
il

In
hi

bi
tio

n 
of

 C
Y

P3
A

4,
 f

or
m

at
io

n 
of

 
m

et
ab

ol
ic

 in
te

rm
ed

ia
te

 c
om

pl
ex

↑ 
im

m
un

os
up

pr
es

sa
nt

 le
ve

ls
; v

er
ap

am
il-

 
si

ro
lim

us
 c

om
bi

na
tio

n 
is

 a
ss

oc
ia

te
d 

w
ith

 
in

cr
ea

se
d 

bl
oo

d 
le

ve
ls

 o
f 

ve
ra

pa
m

il
N

if
ed

ip
in

e
In

hi
bi

tio
n 

of
 C

Y
P3

A
4

↑ 
im

m
un

os
up

pr
es

sa
nt

 le
ve

ls

Ta
bl

e 
3.

5 
(c

on
tin

ue
d)

Im
m

un
os

up
pr

es
sa

nt
In

te
ra

ct
in

g 
dr

ug
(s

)
M

ec
ha

ni
sm

C
on

se
qu

en
ce

s/
m

an
ag

em
en

t

L. Sun et al.



43

C
ar

ve
di

lo
l

In
hi

bi
tio

n 
of

 P
g-

p
↑ 

ab
so

rp
tio

n 
of

 o
ra

l c
yc

lo
sp

or
in

e
P

sy
ch

ia
tr

ic
 m

ed
ic

at
io

ns
:

C
ar

ba
m

az
ep

in
e,

 v
al

pr
oi

c 
ac

id
In

du
ct

io
n 

of
 C

Y
P3

A
4

↓ 
im

m
un

os
up

pr
es

sa
nt

 le
ve

ls
Se

le
ct

iv
e 

se
ro

to
ni

n 
re

up
ta

ke
 in

hi
bi

to
rs

 
(S

SR
Is

)
In

hi
bi

tio
n 

of
 C

Y
P3

A
4

↑ 
ta

cr
ol

im
us

/c
yc

lo
sp

or
in

e 
le

ve
ls

Se
rt

ra
lin

e 
an

d 
es

ci
ta

lo
pr

am
 g

en
er

al
ly

 
pr

ef
er

re
d 

du
e 

to
 f

ew
er

 d
ru

g 
in

te
ra

ct
io

ns

Fl
uv

ox
am

in
e 

co
nt

ra
in

di
ca

te
d 

w
ith

 
ta

cr
ol

im
us

/c
yc

lo
sp

or
in

e

C
ita

lo
pr

am
 m

ay
 c

au
se

 Q
T

 p
ro

lo
ng

at
io

n,
 

sh
ou

ld
 b

e 
us

ed
 w

ith
 c

au
tio

n;
 c

on
si

de
r 

Q
T

c 
m

on
ito

ri
ng

Fl
uo

xe
tin

e 
sh

ou
ld

 b
e 

av
oi

de
d;

 if
 n

ec
es

sa
ry

 
sh

ou
ld

 c
on

su
lt 

w
ith

 tr
an

sp
la

nt
 te

am

N
ot

e:
 S

N
R

Is
, m

ir
ta

za
pi

ne
, a

nd
 b

up
ro

pi
on

 
ge

ne
ra

lly
 a

cc
ep

ta
bl

e 
w

ith
 r

eg
ar

d 
to

 d
ru

g 
in

te
ra

ct
io

ns
A

nt
i-

go
ut

 m
ed

ic
at

io
ns

:

C
ol

ch
ic

in
e

U
nc

le
ar

 m
ec

ha
ni

sm
, p

os
si

bl
e 

in
hi

bi
tio

n 
of

 
co

lc
hi

ci
ne

 tr
an

sp
or

t b
y 

Pg
-p

 a
nd

/o
r 

in
hi

bi
tio

n 
of

 c
ol

ch
ic

in
e 

m
et

ab
ol

is
m

 b
y 

C
Y

P3
A

4

M
ay

 in
cr

ea
se

 c
ol

ch
ic

in
e 

le
ve

ls
; a

vo
id

 u
se

 
if

 p
os

si
bl

e

A
ft

er
 th

e 
im

m
ed

ia
te

 p
os

ttr
an

sp
la

nt
 p

er
io

d,
 

sh
or

t c
ou

rs
es

 o
f 

co
lc

hi
ci

ne
 c

an
 s

om
et

im
es

 
be

 u
se

d 
in

 p
at

ie
nt

s 
fo

r 
th

e 
tr

ea
tm

en
t o

f 
ac

ut
e 

go
ut

 if
 n

o 
ot

he
r 

op
tio

ns
H

er
ba

l a
nd

 n
at

ur
al

 p
ro

du
ct

s:

St
. J

oh
n’

s 
w

or
t

In
du

ct
io

n 
of

 C
Y

P3
A

4
↓ 

im
m

un
os

up
pr

es
sa

nt
 le

ve
ls

G
ra

pe
fr

ui
t, 

po
m

el
o,

 p
om

eg
ra

na
te

, s
ta

r 
fr

ui
t

In
hi

bi
tio

n 
of

 C
Y

P3
A

4
↑ 

im
m

un
os

up
pr

es
sa

nt
 le

ve
ls

(c
on

tin
ue

d)

3 Anti-rejection Medication Therapy in the Adult Solid Organ Transplant Recipient



44

P
ro

to
n-

pu
m

p 
in

hi
bi

to
rs

:

O
m

ep
ra

zo
le

, l
an

so
pr

az
ol

e,
 r

ab
ep

ra
zo

le
In

hi
bi

tio
n 

of
 C

Y
P2

C
19

. H
ow

ev
er

, 
m

ag
ni

tu
de

 a
nd

 c
lin

ic
al

 s
ev

er
ity

 o
f 

in
te

ra
ct

io
n 

ap
pe

ar
 to

 b
e 

de
pe

nd
en

t o
n 

an
 

in
di

vi
du

al
 p

at
ie

nt
’s

 C
Y

P2
C

19
 a

nd
/o

r 
C

Y
P3

A
5 

ge
no

ty
pe

s

M
ay

 in
cr

ea
se

 im
m

un
os

up
pr

es
sa

nt
 le

ve
ls

, 
bu

t o
ft

en
 to

le
ra

te
d 

in
 p

ra
ct

ic
e

Pa
tie

nt
s 

w
ith

 lo
ss

-o
f-

fu
nc

tio
n 

C
Y

P2
C

19
 

an
d 

C
Y

P3
A

5 
ge

no
ty

pe
s 

at
 h

ig
he

r 
ri

sk
 f

or
 

m
or

e 
se

ve
re

 P
PI

-t
ac

ro
lim

us
 in

te
ra

ct
io

n
N

SA
ID

S:

Ib
up

ro
fe

n,
 n

ap
ro

xe
n,

 fu
ll

 d
os

e 
as

pi
ri

n
N

ep
hr

ot
ox

ic
ity

A
dd

iti
ve

 r
is

k 
fo

r 
ne

ph
ro

to
xi

ci
ty

 in
 

co
m

bi
na

tio
n 

w
ith

 im
m

un
os

up
pr

es
si

on
 

(a
vo

id
 if

 p
os

si
bl

e,
 u

se
 a

ce
ta

m
in

op
he

n)
A

za
th

io
pr

in
e

A
llo

pu
ri

no
l

In
hi

bi
tio

n 
of

 x
an

th
in

e 
ox

id
as

e
L

if
e-

th
re

at
en

in
g 

m
ye

lo
to

xi
ci

ty
 (

bo
ne

 
m

ar
ro

w
 s

up
pr

es
si

on
)

M
yc

op
he

no
la

te
C

ho
le

st
yr

am
in

e
In

hi
bi

tio
n 

of
 e

nt
er

oh
ep

at
ic

 c
ir

cu
la

tio
n

↓ 
 m

yc
op

he
no

la
te

 le
ve

ls
A

nt
iv

ir
al

 a
ge

nt
s:

ga
nc

ic
lo

vi
r

va
lg

an
ci

cl
ov

ir
M

yc
op

he
no

la
te

-g
lu

cu
ro

ni
de

 in
hi

bi
ts

 r
en

al
 

tu
bu

la
r 

se
cr

et
io

n 
of

 g
an

ci
cl

ov
ir

↑ 
ga

nc
ic

lo
vi

r/
va

lg
an

ci
cl

ov
ir

 le
ve

ls
, ↑

 r
is

k 
of

 to
xi

ci
ty

 (
ne

ph
ro

to
xi

ci
ty

, n
eu

tr
op

en
ia

, 
le

uk
op

en
ia

)
Pr

ed
ni

so
ne

 
m

et
hy

lp
re

dn
is

ol
on

e
A

nt
if

un
ga

ls
:

ke
to

co
na

zo
le

, fl
uc

on
az

ol
e,

 v
or

ic
on

az
ol

e,
 

itr
ac

on
az

ol
e

In
hi

bi
tio

n 
of

 C
Y

P3
A

4
↑ 

co
rt

ic
os

te
ro

id
 le

ve
ls

A
nt

ib
io

ti
cs

:

ri
fa

m
pi

n
In

du
ct

io
n 

of
 C

Y
P3

A
4

↓ 
 c

or
tic

os
te

ro
id

 le
ve

ls
A

nt
iv

ir
al

 a
ge

nt
s:

ri
to

na
vi

r
In

hi
bi

tio
n 

of
 C

Y
P3

A
4

↑ 
co

rt
ic

os
te

ro
id

 le
ve

ls

Ta
bl

e 
3.

5 
(c

on
tin

ue
d)

Im
m

un
os

up
pr

es
sa

nt
In

te
ra

ct
in

g 
dr

ug
(s

)
M

ec
ha

ni
sm

C
on

se
qu

en
ce

s/
m

an
ag

em
en

t

L. Sun et al.



45

Table 3.6 Checklist for assessing medication use outpatient clinic visits for solid organ transplant 
recipients

Ask about:
⧠ Adherence (“how often do you miss a dose of ___?”)
⧠ Side effects (know and ask about common side effects)
⧠ Supplements and prescriptions from other providers
Review:
⧠ Transplant team’s lab monitoring schedule, goal trough levels
⧠ Potential drug interactions before starting any new medications

pregnancy with solid organ transplant recipients who have a uterus and are of child-
bearing age, especially if they are taking mycophenolate or mTOR inhibitors, both 
of which are contraindicated during pregnancy. In almost all cases, the patient 
should be referred back to their transplant specialist as well as an obstetric specialist 
(e.g., maternal-fetal-medicine or high-risk obstetrics specialist) who has experience 
with the transplant population. Often immunosuppressive drug levels are checked 
more frequently during pregnancy.

Breast-feeding cautions are similar to those during pregnancy, with mycopheno-
late and mTOR inhibitors generally avoided. Patients should work closely with their 
transplant team, as well as obstetrics and pediatrics. (Contraception is discussed in 
Chap. 12.)

 Pearls for the Primary Care Provider

For the primary care provider who takes care of solid organ transplant recipients, 
the most important medications to be familiar with are tacrolimus, mycopheno-
late, and prednisone, as these comprise the most common immunosuppression 
regimen. At each clinic visit, adherence should be assessed in a nonjudgmental 
fashion, with recognition that pill burden and side effects may be factors in how 
consistently patients take their medications. Laboratory studies may be done at a 
different location, and the primary care provider may need to start exchanging 
information with the transplant specialist. It is useful to review the transplant spe-
cialist’s documentation for what trough levels of medications are targeted, as 
patients do not always know. As primary care providers work more with this 
patient population, they will build relationships with the transplant team—these 
bridges are essential for when they need to communicate. New medications should 
be checked for drug interactions with the anti-rejection medications using avail-
able databases. If there is uncertainty, then it is advisable to contact the patient’s 
transplant specialist. In larger centers, a transplant pharmacist may be available to 
field questions. Table 3.6 shows recommendations for medication assessment at 
outpatient visits.

3 Anti-rejection Medication Therapy in the Adult Solid Organ Transplant Recipient
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 Conclusion

Success of a transplanted organ depends on many factors and can be enhanced 
under the care of an attentive primary care provider as well as with an adherent 
patient. Primary care clinicians can play a pivotal role in supporting the immuno-
suppressive medication regimen by simplifying nontransplant medications, creating 
a psychologically safe atmosphere, and providing appropriate follow-up based on 
the patient’s medical literacy [18, 19, 20]. Communication around medical prescrib-
ing between the primary care physician and transplant team is key to better patient 
outcomes and quality of life [20].
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Chapter 4
Primary Care of the Adult Kidney 
Transplant and Kidney-Pancreas 
Transplant Recipient

Cary H. Paine and Iris C. De Castro

 Kidney Transplant Recipients

 Introduction

The existence of dialysis as a widely available treatment for end-stage renal disease 
(ESRD) makes kidney failure unique when compared to other types of solid organ 
failure. Although significant advancements have been made in recent years with 
respect to mechanical support devices for heart failure, and to a lesser extent liver 
failure, these treatments pale in comparison to dialysis as a form of treatment for 
end-stage organ failure.

Still, dialysis is clearly not enough. While mortality trends for patients on dialy-
sis have improved over time, with data varying by country, mode and intensity of 
dialysis, and patient age and comorbidities, still the overall mortality remains high. 
In the United States in 2010, overall 5-year survival for patients on hemodialysis 
was 42% [1]. In sharp contrast, the 5-year mortality with kidney transplantation is 
considerably better, and as such, transplantation is considered the treatment of 
choice for all suitable candidates with ESRD [2–4]. Furthermore, transplantation is 
endorsed by the Kidney Diseases Improving Global Outcomes (KDIGO) working 
group, and, in the United States, the Centers for Medicare and Medicaid Services is 
considering referral for transplantation as a quality metric [5, 6].

The first successful transplantation of a kidney from one human to another was 
performed in 1954 by Joseph E.  Murray at the Peter Bent Brigham Hospital in 
Boston, MA.  The left kidney was surgically removed from 23-year-old Ronald 
Herrick and implanted in his identical twin brother, Richard Herrick, who was suf-
fering from kidney failure. Upon completion of the surgical anastomosis, the 
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surgical team “removed the clamps on the vessels and Richard’s blood began to flow 
into his new organ…urine began flowing briskly” [7]. Richard’s condition improved 
dramatically within the first week after surgery and he went on to live for another 
9 years with his brother’s kidney before dying of a heart attack in 1963.

Since then, more than 450,000 kidney transplants have been performed in the 
United States. Kidney transplants account for nearly 60% of all solid organ trans-
plantations performed in the last 30 years, and in 2019 alone 23,401 kidney trans-
plants were performed in the United States (based on OPTN data as of January 1, 
2020). In a typical year, more than two-thirds of the transplanted kidneys come from 
deceased donors, with the remainder coming from living donors, either related or 
unrelated to the recipient. Despite steady annual growth in the number of kidney 
transplants performed, as of January, 2020, there were 94,663 potential kidney 
transplant candidates actively listed and awaiting kidney transplant.

The increasing number of kidney transplantations performed, combined with 
improvements in post-transplant allograft and patient survival, have stretched the 
available infrastructure at kidney transplant centers, such that the long-term care of 
kidney transplant recipients has largely shifted to a multidisciplinary team. 
Accordingly, it is common practice for patients to be followed exclusively by the 
transplant center for the first 3–6 months after surgery, after which the majority of 
care is transitioned to the general nephrologist and primary care provider, both of 
whom will play a critical role in maintaining the function of the kidney allograft and 
the well-being of the patient in the years that follow. It is therefore essential that 
primary care providers be familiar with the unique issues and specialized care needs 
of kidney transplant recipients.

 Pre-transplant Course

While this book focuses on the care of solid organ transplant recipients after trans-
plantation, the pre-transplant clinical history is important to review.

• Indication: The optimal timing for kidney transplantation is uncertain. A person 
must have progressive, irreversible reduction in kidney function to be eligible for 
kidney transplantation. In the United States, candidates are eligible for kidney 
transplantation when the eGFR is ≤20  mL/min or when they are receiving 
chronic dialysis therapy. Often, nephrologists refer patients for pre-transplant 
evaluation when the eGFR is <30 mL/min especially when there is a clear decline 
in kidney function. This allows ample time for evaluation and to address relative 
contraindications. Also, an earlier referral gives the patient the opportunity to 
receive a transplant prior to needing dialysis.

The most common causes of ESRD in the United States are diabetes and 
hypertension, followed by glomerulonephritis, obstructive nephropathy, cystic 
kidney disease, and other less common etiologies [8]. While it is always prefer-
able to make a specific diagnosis, in some cases, the underlying cause of disease 
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is unknown, as a patient may present to medical care with late stage disease, a 
diagnostic workup fails to elucidate a cause, or a kidney biopsy cannot be 
obtained. Unlike most other solid organ transplants, the native kidneys are typi-
cally not explanted to yield a pathologic diagnosis. Nevertheless, the original 
etiology of kidney failure is usually known prior to transplantation and has prog-
nostic significance for the kidney transplant recipient. The underlying diagnosis 
may cause other organ system involvement (for example, cystic disease can 
involve the liver), and it may recur in the kidney allograft (for example, C3 
Glomerulonephritis, FSGS, IgA Nephropathy, etc.) [9, 10].

• Pre-transplant treatment: Most patients who undergo kidney transplant are 
receiving treatment with dialysis at the time of transplant, although a small per-
centage may receive preemptive transplantation prior to dialysis initiation. The 
following information is helpful to obtain:
 – Pre-transplant dialysis: Both the number of years spent on dialysis prior to 

transplant and the dialysis modality—hemodialysis or peritoneal dialysis—
have prognostic implications as it relates to post-transplant cardiovascular 
risk and overall mortality [11]. Increased time on dialysis before transplanta-
tion is associated with decreased patient and graft survival.

 – Dialysis access: Patients who were previously on hemodialysis may still have 
vascular access, such as an arteriovenous graft or fistula, which can develop 
complications over time even when not being used routinely for hemodialysis.

• Waiting list: After placement on the waiting list, the average wait time for a 
deceased donor kidney transplant in the United States is 3.6  years; however, 
there is considerable variability between different regions of the country [12]. 
Factors other than geography can also influence wait time, including recipient 
blood type and immune system sensitization [13]. Wait time for living donor 
kidney transplantation is typically much less, as it relies solely on the availability 
of a suitable donor.
 – Allocation: For other solid organ transplants, there exists no mechanical support 

system equivalent to dialysis. Therefore, organ allocation is prioritized based on 
need (severity of disease). For kidney transplants, however, deceased donors are 
allocated based primarily on time, such that the more time a potential recipient 
accrues on the waiting list, the more likely those potential recipients are to be 
transplanted [14]. This system is designed to favor the principle of equity, rec-
ognizing that treatment with dialysis can allow a patient to survive for many 
years after the onset of organ failure while waiting for a transplant organ.

 – Reducing inequality: In the United States, changes were made to the national 
kidney allocation system in 2014, in an attempt to address several systemic 
inequalities in the prior system [15]. Priority is now given to patients with 
sensitized immune systems for whom it can be difficult to find a suitable 
donor match. This has led to substantial improvements in rates of transplanta-
tions for highly sensitized individuals [16]. As late referral to a nephrologist 
is associated with reduced access to kidney transplantation [17], the new sys-
tem now retroactively gives waitlist credit for time spent on dialysis prior to 
transplant referral, which has helped to improve transplant rates for ethnic 
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minorities that have traditionally had decreased access to care and decreased 
rates of timely transplant referral [18].

 – Longevity matching: Not every donated kidney has the same projected lon-
gevity. In order to allocate kidneys deemed to be of higher quality to recipi-
ents with the longest post-transplant life expectancy, every donor is assigned 
a Kidney Donor Profile Index (KDPI) score which attempts to quantify how 
long an organ from that donor is expected to function, and, similarly, each 
recipient is assigned an Estimated Post-Transplant Survival (EPTS) score.

 Anatomy

• Location: Kidney transplantation is a heterotopic procedure in which the native 
kidneys are left in place and the kidney allograft is placed in the extraperitoneal 
iliac fossa (see Fig. 4.1)

• Anastomoses: In the conventional approach, a curvilinear incision is made in the 
right or left lower quadrant of the recipient and the iliac vessels are exposed. The right 

Fig. 4.1 Kidney 
transplant anastomoses. 
Shown is the end-to-
side anastomosis of the 
donor renal vein to the 
recipient iliac vein or its 
branch (blue), the donor 
renal artery to the 
recipient iliac artery or 
its branch (red). (The 
external iliac vein and 
artery is commonly 
used; anastomoses may 
vary depending on a 
patient’s anatomy.) The 
donor ureter is 
implanted into the 
bladder (brown). (From 
Forsyth, reprinted with 
permission [19])
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side is often preferred because the right iliac vessels are more superficial and thus 
more easily accessed. End- to- side anastomoses are performed between the donor 
renal vein and the recipient’s external iliac vein, followed by the donor renal artery 
and the recipient’s external iliac artery. Less commonly, the surgeon may perform an 
end-to-side anastomosis between the donor renal artery and the recipient’s common 
iliac artery, or an end-to-end anastomosis with to the recipient’s internal iliac artery. 
The ureter is then implanted to the bladder. Although practice varies, many centers 
place a double-J ureteral stent to reduce pressure on the ureteral anastomosis in the 
early post-operative period, and then retrieve it 2–4 weeks after surgery.

• Occasionally, as in instances in which the allograft is too large to be easily placed 
in the pelvis, the kidney may be implanted intraperitoneally.

Recipient nephrectomy is rarely performed but can be considered in cases of 
severe uncontrolled hypertension, large symptomatic polycystic kidneys, or 
recurrent kidney infections.

• A transplant from a deceased donor may include an aortic patch along with the 
renal artery—this longer length of donor vasculature can facilitate an easier 
anastomosis.

 Immunosuppression Regimen

Advances in immunosuppression have been associated with improved graft survival 
and reduced rejection. Figure 4.2 shows 1-year graft survival, rejection within the 
first year, and introduction of immunosuppression medications over a 45-year period.

Immunosuppression typically occurs in two phases: induction and maintenance.
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Fig. 4.2 One-year first cadaveric renal allograft survival and rejection episodes over time. “The 
time that various immunosuppression medications were introduced is indicated by their position 
on the graph.” 6-MP 6 mercaptopurine, ATGAM horse anti thymocyte globulin, AZA azathio-
prine, CY-A cyclosporine, FTY720 fingolimod, MMF mycophenolate mofetil, OKT3 muro-
monab-CD. (From Zand et al. [20]. Reprinted with permission)
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 Induction Immunosuppression

Nearly all kidney transplant recipients require induction immunosuppression to 
mitigate the risk of acute rejection in the first few months after transplant. The 
choice of induction regimen considers the recipient’s risk for rejection, infection, 
malignancy, predilection to adverse effects from the induction medication, and the 
transplant center’s preferences. A recipient receiving a two-haplotype match from a 
living related donor, which confers substantially less risk of rejection, may require 
less initial immunosuppression.

In general, patients at higher risk for acute rejection tend to be younger, African 
American, or have an immunologic profile that confers higher than average rejec-
tion risk such as higher calculated panel reactive antibody (CPRA) or the presence 
of pre-formed donor specific antibodies at the time of transplantation (Table 4.1) 
[21]. The CPRA is based upon unacceptable HLA antigens to which the recipient 
has been sensitized and which, if present in a donor, would represent an unaccept-
able risk for the candidate or the transplant program. The CPRA is computed from 
HLA antigen frequencies among donors in the United States and thus represents the 
percentage of actual organ donors that express one or more of those unacceptable 
HLA antigens [22].

For patients at risk for acute rejection, a common practice is to administer lym-
phocyte-depleting antibody therapy. The most common agent used for induction in 
the United States is rabbit antithymocyte globulin (rATG). (Of note, rATG has been 
approved by the Food and Drug Administration only for the treatment of rejection, 
so although it is widely used for induction immunosuppression, this use is techni-
cally off- label.) rATG is created by immunizing rabbits with human thymocytes and 
then purifying the resultant polyclonal immunoglobulins which, when administered 
to a human recipient, will target T-cells and cause complement-mediated apoptosis. 
Protocols differ between centers with respect to dosing; the most conventional 
approach is to administer three doses: intraoperatively in conjunction with intrave-
nous corticosteroids, followed by subsequent doses on post-operative days. Doses 
may be reduced or held if there is significant leukopenia, thrombocytopenia, or 
adverse effect, such as hemodynamic instability, temporarily related to drug 
administration.

Table 4.1 Possible risk 
factors for acute 
rejection [20]

The number of human leukocyte antigen (HLA) mismatches
Younger recipient age
Older donor age
African-American ethnicity (in the United States)
Panel-reactive antibody (PRA) >30%
Presence of a donor-specific antibody
Blood group incompatibility
Delayed onset of graft function
Cold ischemia time > 24 hours
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Recipients at lower risk for rejection, or those who cannot receive lymphocyte-
depleting therapy due to clinical contraindications such as prohibitive leukopenia, 
thrombocytopenia, or hypotension, are typically administered induction therapy 
with non-depleting antibodies. The most common non-lymphocyte depleting drug 
is basiliximab (Simulect®), an antibody directed against the IL-2 receptor (CD25). 
Basiliximab is dosed intraoperatively and on post-operative day four.

There is a large and growing body of literature comparing the efficacy of various 
induction immunosuppression regimens; a full appraisal of these studies is beyond 
the scope of this chapter. It has been clearly demonstrated that induction with rATG 
reduces the rate of acute rejection when compared with no induction, but is also 
associated with higher rates of leukopenia, thrombocytopenia, and CMV infection 
[23, 24]. IL-2 receptor antagonists have also been shown to be superior to placebo 
with respect to reducing the risk of acute rejection and allograft failure, but have 
been associated with a higher incidence of biopsy-proven, subclinical acute rejec-
tion when compared to other induction agents [25]. rATG appears to be superior to 
other forms of induction therapy, including horse-derived antithymocyte globulin 
(Atgam®), the anti-CD52 humanized, monoclonal antibody alemtuzumab 
(Campath®), and basiliximab with respect to the risk of acute rejection, particularly 
in high risk individuals [26–28]. Results are less clear with respect to risk for 
delayed graft function, long-term allograft survival, and mortality.

Familiarity with what type and dosage of induction immunosuppression is perti-
nent to primary care practice. While under the primary provider’s care, the patient 
may be treated again with rATG if they develop moderate to severe cellular rejec-
tion. Also, it is important to note that the cumulative dose of rATG has been associ-
ated with higher incidence of post-transplant lymphoproliferative disorder (PTLD).

 Maintenance Immunosuppression

Calcineurin inhibitors have formed the backbone of nearly all maintenance immu-
nosuppression regimens for kidney transplant recipients since the 1980s.

• Most kidney transplant recipients will be treated with a three-drug regimen con-
sisting of a calcineurin inhibitor, an antiproliferative agent such as mycopheno-
late mofetil, and a corticosteroid. In 2017, the most recent year for which data is 
available, more than 60% of patients were maintained on the combination of 
tacrolimus, mycophenolate, and a corticosteroid (Fig. 4.3).

• There has been an increased interest in using calcineurin-free and steroid-free 
protocols, with significant differences emerging between different transplant 
centers. The 2009 KDIGO practice guidelines support the use of a three-drug 
immunosuppressive regimen for most patients, but for patients of low immuno-
logical risk who receive induction immunosuppression, it is considered reason-
able to consider discontinuation of glucocorticoids after the first week [21]. 
Programs vary widely in their adoption of such a strategy: in 2017, 30% of 
patients were maintained on steroid-free protocols with just tacrolimus and 
mycophenolate (Fig. 4.3).
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• Tacrolimus versus cyclosporine: In the last two decades, tacrolimus has almost 
completely replaced cyclosporine as the calcineurin inhibitor of choice after kid-
ney transplantation, with 92% of kidney recipients receiving tacrolimus and only 
2% cyclosporine [13]. Compared to cyclosporine, the use of tacrolimus confers 
a significantly lower risk of acute rejection and a modest improvement in the rate 
of allograft failure at 6 months and all later time points [29–31]. Although tacro-
limus is associated with slightly higher rates of side effects, including neurotox-
icity, infections, and new onset diabetes after transplant (NODAT), these risks 
are generally thought to be offset by the superiority of tacrolimus with respect to 
preservation of allograft function [24]. Occasionally, a patient who experiences 
intolerable side effects from tacrolimus, such as severe neurotoxicity, may be 
switched to cyclosporine, although there is relatively little data to support this 
practice.

• Calcineurin inhibitor dosing: Dosing of tacrolimus or cyclosporine can vary sig-
nificantly between patients due to genetic differences and the presence of other 
medications, both of which may affect drug metabolism. In general, tacrolimus 
is dosed twice daily with serial monitoring of 12-hour trough levels. There is an 
extended release, once a day preparation available as an alternative. Specific 
trough targets may vary depending on factors such as the type of induction 
immunosuppression, the risk of rejection related to the patient’s immunopheno-
type, and the transplant center protocol. A common approach is to target a trough 
level of 8–10 ng/mL for the first 3 months and then a level of 5–7 ng/mL after 
1 year post-transplant.

• Nephrotoxicity: The most common side effect of calcineurin inhibitors that can 
limit their long-term use is the development of nephrotoxicity in the kidney 
allograft. Alternate immunosuppression strategies have been proposed to help 
reduce or completely eliminate exposure to calcineurin inhibitors in select 
patients. The two most common calcineurin-free approaches involve the use of 
either mammalian target of rapamycin (mTOR) inhibitors such as sirolimus or 
everolimus, or belatacept, a selective blocker of T-cell co-stimulation. Although 
some centers use these agents as first-line components in their maintenance 
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immunosuppression regimens, the use of mTOR inhibitors as initial agents is 
generally discouraged, as it has been associated with increased rates of delayed 
graft function and poor wound healing [32]. Similarly, early use of belatacept has 
been associated with an increased rate of acute rejection within the first year, but 
a substantially higher eGFR thereafter [33, 34]. As such, the most common strat-
egy is to start with a calcineurin inhibitor-based regimen and switch to an alter-
nate agent if nephrotoxicity develops.

Table 4.2 summarizes common immunosuppression regimens in kidney trans-
plant recipients. Protocols vary by transplant center and patient factors. For a gen-
eral overview of anti-rejection medications, see Chap. 3.

 Graft Function Surveillance

The typical approach to monitoring the function of the kidney allograft varies 
depending on the amount of time since transplant and the stability of allograft 
function.

• Immediate post-transplant period: While primary care providers are not likely to 
be involved in the patient’s care, it is helpful to review the transplant records. In 
the first week following transplantation, kidney transplant recipients are moni-
tored in the hospital, with daily measurement of the serum creatinine and quan-
tification of the urine output, taking into consideration any residual pre-transplant 
urine production. Immediate graft function is defined as not requiring dialysis 
post-transplant, while delayed graft function (DGF) is defined as the need for 
dialysis within 1 week following transplant, excluding those patients that require 
a single dialysis procedure for acute hyperkalemia. Risk factors for DGF include 
increasing donor age and KDPI, male sex, increasing cold ischemia time, and 

Table 4.2 Examples of immunosuppression regimens in kidney transplant recipients

Induction immunosuppression Maintenance immunosuppression

Standard or high rejection risk:
  Rabbit antithymocyte globulin 

(rATG) +  intravenous 
corticosteroids

  OR
  Alemtuzumab 

(Campath) + intravenous 
corticosteroids

Low rejection risk or unable to 
receive rATG:
  Basiliximab (Simulect®) +  

intravenous corticosteroids

Standard:
  Calcineurin inhibitor (tacrolimus or cyclosporine)
  Anti-metabolite (mycophenolate or azathioprine)
  Corticosteroid (prednisone)
Others:
  Steroid-freea

   Calcineurin inhibitor (tacrolimus or cyclosporine)
   Anti-metabolite (mycophenolate or azathioprine)
  Calcineurin-freea

   Mammalian target of rapamycin inhibitors (MTORi) 
(sirolimus or everolimus)

   Antimetabolite (mycophenolate or azathioprine
   OR
   Belatacept + mycophenolate + prednisone

aMay have increased risk of rejection compared to other regimens
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receipt of a deceased donor transplant as compared to an allograft from a living 
donor [13, 35, 36].

• First weeks to months post-transplant: After hospital discharge, in the first weeks 
to months post-transplant, the serum creatinine is monitored serially, usually 
once or twice per week, and is expected to decrease in the setting of a properly 
functioning allograft until it reaches steady state, at which time the post-trans-
plant baseline creatinine is established. Some patients will never reach a “nor-
mal” post-transplant serum creatinine—the nadir will depend on such variables 
as the overall quality of the donor organ as well as donor-recipient size mismatch 
(a kidney from a smaller donor will yield a higher baseline creatinine when 
implanted in a larger recipient). During this time the recipient’s urine is moni-
tored for the presence of blood, which is expected initially but should resolve in 
the weeks following removal of the double-J ureteral stent, and proteinuria. The 
early onset of proteinuria, particularly when it is progressive in patients with a 
history of an underlying glomerular disease such as FSGS, can indicate recur-
rence of primary disease or de novo glomerular disease and should prompt fur-
ther workup.

• Six months post-transplant and beyond: As time from transplant increases 
beyond 6 months, the need for regular surveillance of allograft function persists; 
however, the frequency of laboratory testing will decrease. It is in this period that 
the care of kidney transplant recipients is transitioned to the general nephrologist 
and the primary care physician. Although protocols vary by center and depend-
ing on specific patient variables, a typical kidney transplant recipient will require 
monthly testing of serum creatinine, electrolytes, complete blood counts, uri-
nalysis, urine protein quantification, and immunosuppressive drug levels for at 
least the first 2 years and then not less than every 3 months thereafter. Primary 
care providers should be comfortable interpreting the results of these tests and 
should partner with transplant specialists when an abnormality triggers the need 
for further testing.

• Clinical evaluation: In addition to routine laboratory testing, patients should be 
seen and examined regularly, as many risk factors for allograft dysfunction and 
other post-transplant complications have easily identifiable manifestations on 
physical examination. As is the case with laboratory monitoring, if a patient is 
doing well the frequency of in-person follow-up visits may decrease as time from 
surgery increases, with most long-term follow-up patients requiring in-person 
visits approximately once every 3 months (Table 4.3). Close attention should be 
paid to assessment of peripheral volume status, including weight, as both volume 
excess and depletion may cause allograft dysfunction. Patients should be moni-
tored for physical signs of medication toxicity, such as the development of tremor 
with calcineurin inhibitors, as there is often an association between the develop-
ment of neurotoxicity and the incidence of nephrotoxicity [37]. Blood pressure 
should be monitored at every visit and patients should also be encouraged to 
measure blood pressure at home. Daily home blood pressure monitoring is stan-
dard practice in most programs for at least the first 3 months after transplant [38]. 
Patients may additionally be encouraged to continue monitoring home blood 
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pressure indefinitely at a frequency determined by the patient and the trans-
plant center.

• Immune surveillance: Some transplant programs incorporate routine post-trans-
plant immune surveillance in addition to general monitoring of allograft func-
tion. Historically, it was common to perform protocol-driven kidney biopsies. 
While some programs continue this practice, it is becoming less common as less 
invasive methods of surveillance are developed, shifting the risk/benefit ratio.
 – Donor-specific antibodies (DSA): The serial measurement of donor-specific 

antibodies has become increasingly popular as support for protocol biopsies 
has waned [39]. This is a semi-quantitative test that monitors the recipient’s 
serum for presence and level of antibodies against donor HLA. Flow cytom-
etry using microparticles (“beads”) coated with recombinant or soluble HLA 
antigens representative of the donor HLA are used. Measurement of donor-
specific antibodies for patients with apparently normal allograft function may 
allow for earlier detection of otherwise silent immunological phenomena and, 
when positive, may provide pre-clinical evidence of an allograft that is at risk 
for developing overt, clinical antibody-mediated rejection. By definition this 
type of protocol-driven testing is performed for all patients, even those with 
normal allograft function and is fundamentally different from testing that is 
done “for cause,” as in the setting of worsening allograft function, at which 
time further specialized testing is strongly indicated regardless of surveillance 
protocol. Although primary care providers are not typically the ones ordering 
these more specialized tests, generalists should become familiar with the spe-
cific transplant center surveillance protocols.

 – Biopsies: Common indications for renal allograft biopsy are increasing creati-
nine and increasing proteinuria. Risk of performing kidney allograft biopsies 
has diminished over recent years, with the routine use of smaller gauge biopsy 
needles and ultrasound guidance for the biopsy procedure. The allograft kidney 
is located closer to the body surface than the native kidney, making localization 
of the organ for biopsy more straightforward than for native kidney [40]. 
Protocol biopsies, as opposed to “for cause” biopsies, are used by several cen-
ters for research purposes, in highly sensitized patients, and in patients on ste-
roid- or CNI-free maintenance regimens. The purpose of protocol biopsies is to 
identify patients with subclinical rejection (SCR) and chronic allograft nephrop-
athy (CAN) for whom treatment or immunosuppression adjustment may result 

Table 4.3 Suggested 
frequency of monitoring for 
stable kidney transplant 
recipientsa

Time after 
transplant

Lab and 
immunosuppression 
monitoring frequency Clinic visit frequency

0–4 weeks 1–2 per week 1–2 per week
4–12 weeks Every 1 week Every 1–2 weeks
3–6 months Every 2–4 weeks Every 1–2 months
6–12 months Every 2–4 weeks Every 2–4 months
>1 year Every 1–3 months Every 3–6 months

aProtocols may vary by transplant center
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in improved allograft survival. Subclinical rejection is when there are histologic 
signs of rejection without overt clinical signs of allograft dysfunction such as 
increased creatinine or proteinuria. With newer and almost uniform use of 
induction immunosuppression, the incidence of subclinical rejection has 
declined. Protocol biopsies have not been shown to improve long-term graft 
function and the benefits of treating SCR detected by protocol biopsy in par-
ticular are not clear-cut [41]. Moreover, the optimal timing of protocol biopsies 
and reliable methods to quantify the histologic changes observed in biopsy 
specimens have yet to be determined. The cost, risk, and patient inconvenience 
of surveillance biopsies must be weighed against potential gains from early 
interventions guided by the findings [42].

 Allograft Dysfunction

The differential diagnosis for kidney allograft dysfunction, which is typically evi-
denced by an increase in the serum creatinine or increase in proteinuria, is quite 
broad and influenced by the time since transplant. Just as with native kidneys, kid-
ney allograft dysfunction can be characterized as acute or chronic and can range 
from mild to severe. It is important to remember that kidney transplant recipients 
remain at risk for all of the common medical conditions to which native kidneys are 
susceptible, including ischemic acute tubular necrosis and prerenal azotemia from 
intravascular volume depletion, as well as more specific causes of kidney allograft 
dysfunction such as surgical complications and rejection. Indeed, as patient and 
allograft survival continue to improve, transplant recipients are at increased risk of 
developing chronic allograft dysfunction due to common causes such as diabetic 
kidney disease and hypertension-related kidney disease [43].

 Surgical Complications

Most surgical complications are diagnosed early in the post-transplant course and 
thus may not come to the attention of primary providers. Still, it is important to 
have some knowledge of specific complications that a patient has experienced, as 
there may be implications for the likelihood of developing downstream complica-
tions later on.

• Lymphoceles: At the time of transplantation, the recipient undergoes extensive 
dissection of the lymphatic network surrounding the iliac vessels. This can lead 
to the leakage of lymph and the formation of lymphoceles in approximately 
5–15% of patients [44]. Lymphoceles often resolve without intervention, 
although sometimes will persist and may require drainage if there is compression 
of local structures including the ureter or the renal vein. Uncommonly, patients 
may develop chronic lymphedema after kidney transplant, thought to be related 
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to impaired lymphangiogenesis. Several case reports have suggested that this 
may be more common in patients treated with mTOR inhibitors [45].

• Urine leak: Early urine leak is not uncommon, occurring in approximately 1–3% 
of kidney transplants [46]. Urine leak is usually diagnosed when serum creati-
nine fails to improve, and there is high post-operative output from the surgical 
drains adjacent to the kidney. Diagnosis can be made by measuring the creatinine 
level in the drain fluid; if the drain fluid contains urine, then the creatinine level 
will be considerably higher than the creatinine level measured in the serum. 
Urine leaks are commonly addressed with either ureteral stenting or surgical 
revision, and patients requiring more complicated revision may be at risk for 
future complications such as stenosis at the site of the ureteral anastomosis.

• Vascular: Vascular complications such as anastomotic stricture are one of the few 
anatomical complications that can develop many years after transplantation. As with 
native kidney renal artery stenosis, stenosis in the transplant renal artery can be 
associated with worsening hypertension and fluid retention with an exaggerated 
sensitivity to medications that interfere with the renin-angiotensin-aldosterone sys-
tem, such as ACE inhibitors and angiotensin receptor blockers [47]. A bruit is some-
times present; however, the absence of a bruit does not rule out stenosis and the 
presence of worsening hypertension in a kidney transplant recipient should prompt 
further investigation including duplex ultrasonography of the transplanted kidney 
vasculature and consultation with the nephrologist involved with the patient’s care.

 Acute Rejection

As with many issues related to kidney transplantation, the type of rejection to which 
a kidney allograft is most susceptible depends on the time since transplantation.

• Hyperacute rejection is caused by preformed donor-specific antibodies, as in the 
case of an ABO incompatible donor. It presents immediately within the first 
hours after transplantation. This complication is relatively rare in the modern era 
of transplantation, as preformed antibodies will be routinely detected by the 
complement-dependent cytotoxicity (CDC) crossmatch, and a positive cross-
match is considered a contraindication to transplant.

• Acute rejection tends to present in the first weeks to months after transplantation, 
but it can also occur years after transplant especially when patients are not com-
pliant with their immunosuppression regimen or new medications have resulted 
in sub therapeutic levels of immunosuppression. Acute rejection may be cellu-
lar—caused by the activation and proliferation of T-cells, antibody mediated—
caused by the development of antibodies against donor HLA antigens, or both. 
Acute rejection may present with decreased urine output, allograft tenderness, or 
fever. However, in the era of modern immunosuppression, most episodes of acute 
rejection are asymptomatic and are identified only after an increase in the serum 
creatinine is observed. Creatinine elevation is generally thought to be a late 
marker for injury, at which time there is likely already considerable histological 
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injury—hence the move towards earlier detection strategies such as DSA moni-
toring protocols discussed above.

When there is suspicion for acute rejection—for example, an acute rise in the 
creatinine is found—the transplant team should be contacted urgently to discuss 
arranging a kidney biopsy. Standardized histological definitions for acute cellular 
and antibody-mediated rejection have been established by the Banff consortium 
[48, 49]. In general, acute cellular rejection is associated with the presence of 
inflammation in the renal tubules (tubulitis) and in the renal arteries (arteritis). 
Antibody-mediated rejection is suggested by the deposition of C4d, a split product 
in the complement cascade, in the peritubular capillaries, typically in association 
with donor-specific antibodies.

Treatment of acute rejection depends on the specific type of rejection (cellular 
vs. antibody-mediated) and the histological severity. Treatment for cellular rejection 
often mirrors induction immunosuppression, with mild cases receiving pulse doses 
of corticosteroids and more severe cases necessitating the use of lymphocyte-
depleting antibody preparations such as rATG [50–52]. Treatment for antibody-
mediated rejection also depends on severity, as determined both by histology and by 
antibody titers, and tends to target both the existing antibodies and the B-cells 
responsible for antibody production. Protocols vary between centers but will typi-
cally employ a combination of intravenous immunoglobulin (IVIG), anti-CD20 
antibodies such as rituximab, and plasmapheresis [53].

Rejection episodes have important clinical and prognostic significance. The 
development of one episode of acute rejection increases the risk for subsequent 
rejection episodes. Furthermore, the cumulative effect of additional immunosup-
pressive agents used to treat rejection can significantly increase the risk of develop-
ing short-term infectious complications, as well as long-term complications such as 
malignancy (see Chaps. 8 and 10).

 Chronic Allograft Nephropathy

The most common cause of kidney allograft failure after the first year is a poorly 
defined and incompletely understood entity that has historically been termed chronic 
allograft nephropathy, transplant glomerulopathy, or chronic rejection, and more 
recently has been referred to as chronic allograft injury [54, 55]. As there are no 
consensus clinical or histopathological criteria for this diagnosis, the exact inci-
dence and pathophysiology remain uncertain. In general, a diagnosis of chronic 
allograft injury is made when there is allograft dysfunction after the first 3 months 
post-transplant and no evidence of acute rejection or acute drug-related injury. The 
histological criteria for diagnosis are complex, and under frequent revision; how-
ever, the hallmark of chronic allograft nephropathy is the development of interstitial 
fibrosis and tubular atrophy (IFTA) which may be graded as mild, moderate, or 
severe [46].
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The mechanisms underlying the development of chronic allograft nephropathy 
are not fully understood; however, one unifying factor seems to be the presence of 
chronic inflammation in the allograft leading to progressive IFTA as described 
above [56]. Some of this inflammation is likely to be immune-mediated, as it has 
been observed that less well-matched allografts are more likely to develop chronic 
allograft nephropathy [57]. Moreover, removal of immunosuppression, as in cases 
of medication nonadherence, has been associated with the accelerated development 
of chronic allograft nephropathy, underscoring the importance of life-long immuno-
suppression [58].

 Other Complications and Pearls

 BK Nephropathy

BK virus, a ubiquitous human polyomavirus, is a unique cause of complications in 
kidney transplant recipients. Although most humans have been exposed to poly-
omaviruses, these viruses tend only to cause disease in immunocompromised indi-
viduals. In kidney transplant recipients, the following complications may occur:

• BK virus nephropathy (BKVN): BK virus nephropathy is a form of tubulointer-
stitial nephritis which occurs in the kidney allograft of approximately 5% of 
kidney transplant recipients [59].
 – Risk factors and pathophysiology: Primary BK virus exposure typically 

occurs at a young age via respiratory secretions. The virus persists in the renal 
epithelium and thus post-transplant complications associated with BK virus 
are thought most likely to be derived from the donor. Although retrospective 
studies have attempted to find an association with specific immunosuppres-
sive regimens, the most significant risk factor for the development of BKVN 
appears to be a high degree of immunosuppression, regardless of the particu-
lar type or number of agents used [60, 61].

 – Clinical presentation and diagnosis: BKVN typically presents as a slow, pro-
gressive increase in the serum creatinine. Definitive diagnosis is made on kid-
ney biopsy which will demonstrate the presence of characteristic 
histopathologic changes and a positive immunohistochemical stain for the 
SV40 antigen. A positive SV40 stain is highly specific for polyoma virus 
nephropathy but is less sensitive, owing to the patchy nature of BKVN and the 
potential for absent virus on a small sample of kidney tissue [62]. The diagno-
sis is supported by the presence of BK virus DNA in the urine and in the 
blood, as detected by quantitative PCR.

 – Screening: The presence of BK viruria and viremia should significantly pre-
date the development of clinically evident BKVN. For this reason, it is com-
mon practice at most transplant centers to screen routinely for BK virus in the 
urine every 3–6 months during the first 2 years after transplant. When BK 
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viruria is detected in the setting of normal allograft function, it may prompt 
further testing for BK viremia, and/or preemptive reduction in 
immunosuppression.

 – Treatment: When BKVN nephropathy is diagnosed, the mainstay of treatment 
is reduction in immunosuppression. Antiviral therapies such as leflunomide or 
cidofovir are sometimes used for persistent cases, although data is lacking and 
largely anecdotal [63].

• There are infrequent case reports of immunocompromised individuals develop-
ing BKVN in the native kidney—this evaluation may be challenging and is best 
left to the managing nephrologist [64].

• Ureteral stenosis is a relatively rare complication associated with BK virus. It 
can present with hematuria and hydronephrosis with or without increase in serum 
creatinine.

 Cardiovascular Disease

When compared to the treatment of patients with ESRD with dialysis, kidney 
transplantation is associated with a significant decrease in the incidence of cardio-
vascular events. However, cardiovascular disease remains the leading cause of 
morbidity and mortality in kidney transplant recipients [65]. This risk is due in part 
to the prevalence of cardiovascular disease and comorbidities such as diabetes 
within the ESRD population, as well as exacerbation of risk factors such as hyper-
tension and dyslipidemia by immunosuppressive medications. Furthermore, sev-
eral studies have demonstrated significant variability in the rates of cardioprotective 
medication use among kidney transplant recipients, including angiotensin-convert-
ing enzyme (ACE) inhibitors/angiotensin receptor blockers (ARBs), statins, and 
aspirin [66].

Most kidney transplant recipients should be treated with a statin, regardless of 
post-transplant lipid levels, although it should be noted that the data to support this 
recommendation is limited. The only randomized, controlled trial to assess cardio-
vascular events in post-kidney transplant patients with dyslipidemia is the ALERT 
trial which randomized patients to receive either fluvastatin or placebo and showed 
a significant reduction in LDL in the treatment group, and a trend towards reduc-
tion of cardiovascular events that failed to reach statistical significance [67]. 
Several subsequent meta-analyses have shown a reduction in cardiovascular mor-
tality with statin use in kidney transplant recipients, but results have been mixed 
with respect to all-cause mortality [68]. Still, despite the weak supporting evi-
dence, it is the recommendation of the KDIGO work group that all post-kidney 
transplant patients be treated with statin therapy [69]. The optimal statin choice 
and dosing strategy is not known, but regardless of agent, it is generally recom-
mended to start with a lower dose than that recommended for the general popula-
tion in order to reduce the likelihood of adverse events. If the patient is treated with 
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a calcineurin inhibitor (tacrolimus or cyclosporine) and statin therapy is indicated, 
then pravastatin or rosuvastatin are preferred as they have a lower risk of drug 
interaction, although other statins have also been used successfully (see Chap. 3).

Hypertension is common after kidney transplant and should be treated aggres-
sively. Risk factors for hypertension include anatomical causes such as renal artery 
stenosis and the use of calcineurin inhibitors. In the absence of an anatomical 
lesion, pharmacological treatment should be used to target a blood pressure of less 
than 130/80 [68]. While the optimal antihypertensive agent is not known, in gen-
eral the treatment of hypertension in transplant recipients should mirror that in 
non-transplant recipients, with the first-line agent typically being a dihydropyri-
dine calcium channel blocker such as amlodipine, particularly in the first 6 months. 
The use of beta blockers for hypertension has fallen out of favor in the most recent 
American College of Cardiology (ACC)/American Heart Association (AHA) 
guidelines [70], although their use is still relatively common in kidney transplant 
recipients, as heightened concerns about side effects from diuretics, ACE inhibi-
tors, or ARBs can limit use of these medications early after transplantation. ACE 
inhibitors and ARBs should be used cautiously in the early post-transplant period, 
as they carry some risk of decreased GFR due to renal arteriolar vasoconstriction, 
as well as hyperkalemia, both of which are exacerbated by calcineurin inhibitor 
use. However, ACE inhibitors and ARBs are generally well tolerated after 
3–6  months post-transplantation and should be strongly considered in patients 
with proteinuria.

 Diabetes

Diabetes is the number one cause of ESRD in the United States. Accordingly, dia-
betes is highly prevalent in kidney transplant patients. Even those patients without 
antecedent diabetes are at risk for developing diabetes post-transplant, with esti-
mated rates of New Onset Diabetes After Transplant (NODAT) ranging from 5% to 
50% at 1 year post-transplantation, although the incidence appears to be decreasing 
[13, 71]. NODAT is a distinct entity from the phenomenon of transient, glucocorti-
coid-associated hyperglycemia in the immediate post-transplant period. The devel-
opment of NODAT is multifactorial and is associated with traditional risk factors 
for type 2 diabetes, including obesity and a positive family history of diabetes, as 
well as unique, transplant-specific risk factors including the use of certain immuno-
suppressive medications. Beyond glucocorticoids, calcineurin inhibitors have the 
strongest association with the development of NODAT, with several studies sug-
gesting increased rates of diabetes with tacrolimus as compared with cyclosporine 
[72]. NODAT is managed similarly to diabetes in the non-transplant population, 
with a stepwise progression first focused on lifestyle modification followed by oral 
therapy and then insulin if needed to target a hemoglobin A1C of less than 7%. 
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Newer medications may be considered with caution as there is relatively less data in 
the post kidney transplant population.

 The Kidney Transplant Recipient Presenting with an Increase 
in Creatinine

An elevated serum creatinine found on routine surveillance blood tests will likely be 
managed by the ordering nephrologist. However, there may be other times when an 
elevated creatinine is obtained on testing at other times, such as urgent care or emer-
gency department visits. When a kidney transplant patient is found to have a creati-
nine that is elevated over baseline, if the time course is uncertain, then evaluation for 
typical causes of acute kidney injury is indicated, including assessment for pre-
renal, intrinsic renal, and post-renal causes based on history, examination, and labo-
ratory studies, as well as evaluating for infection. Additionally, one should strongly 
consider early consultation with the transplant nephrologist to determine whether 
evaluation for rejection is needed.

For a more general discussion of metabolic complications in solid organ trans-
plant recipients, see Chap. 11. For further details pertaining to infectious complica-
tions, see Chap. 8.

Clinical pearls for the outpatient evaluation of kidney transplant recipients are 
shown in Table 4.4.

Table 4.4 Clinical pearls for the primary care provider—evaluating kidney transplant recipients 
at outpatient clinic visits (see text for details; also see Chap. 2 for discussion of general 
history-taking)

Initial visit:
  Review pre-transplant and initial post-transplant course: Indication for transplant, pre-

transplant dialysis, dialysis access (if still present), type of donor, anatomic location of 
transplant, type of induction immunosuppression

  Creatinine nadir
  Early complications (delayed graft function, surgical complications, infection, rejection)
  Symptoms, exam, medications, laboratory studies similar to follow-up visits
Follow-up visits:
  Symptoms: Urine output, hematuria, pain, symptoms of volume depletion or excess, side 

effects of medications, symptoms of infection
  Exam: Blood pressure, heart, lung, abdomen exam, volume status
  Medications: Current regimen, adherence, side effects, goal trough levels
  Laboratory and other studies: Adherence to surveillance schedule set forth by the transplant 

team; surveillance for rejection (biopsy vs. donor-specific antibodies); creatinine, proteinuria, 
BK virus (if checked)

  Home blood pressure: Review readings (if being followed)
  Metabolic complications: Assess and treat
   If sudden worsening of hypertension, consider renal artery duplex
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 Pancreas Transplant Recipients

 Introduction

Although there have been remarkable advancements in the medical treatment of 
diabetes mellitus in recent years, pancreas transplantation remains the only defini-
tive treatment that allows for restoration of euglycemia without the potential risk of 
life-threatening hypoglycemia. As such, pancreas transplantation is the treatment of 
choice for patients with type 1 diabetes mellitus and select patients with insulin-
dependent type 2 diabetes mellitus.

The first successful pancreas transplantation was performed in 1966 at the 
University of Minnesota by Drs. William Kelly and Richard Lillehei as part of a 
multi-visceral procedure that included the transplantation of a pancreas, duodenum, 
and kidney from a deceased donor to a patient with type 1 diabetes and diabetic 
nephropathy [73]. Blood glucose levels in the recipient were noted to decrease 
almost immediately upon completion of the surgery and the patient went on to live 
for 3 months before dying of an apparent pulmonary embolism. In the following 
years, as immunosuppressive strategies have improved, so too has the success of 
pancreas transplantation, such that in the last three decades there have been more 
than 32,000 pancreas transplantations performed in the United States based on 
OPTN data as of January 1, 2020. Interestingly, the number of annual pancreas 
transplantations in the United States peaked in 2014, with 1483 transplants per-
formed, and then decreased steadily over the ensuing decade. In 2018, the most 
recent year for which data is available, there were 1015 pancreas transplants per-
formed, with recent data suggesting 85–90% of allografts survive the first year [74].

Pancreas transplant recipients can be categorized as belonging to one of three 
distinct groups. The first, and largest category, are those patients with insulin-
dependent diabetes mellitus and ESRD who receive a simultaneous pancreas-kid-
ney (SPK) transplant from a single deceased donor. SPK transplants accounted for 
more than 80% of all pancreas transplantations last year. The second group includes 
those patients with ESRD who have already received a kidney transplant—typically 
a living donor kidney transplant—who undergo pancreas after kidney (PAK) trans-
plantation. Both SPK and PAK recipients will require life-long immunosuppression 
for maintenance of the kidney allograft; therefore, the risk associated with the addi-
tion of pancreas transplantation is limited primarily to the increased surgical risk. 
The third group includes patients with relatively preserved kidney function who 
receive a pancreas transplant alone (PTA). These patients would not otherwise be 
receiving immunosuppressive therapy and thus there should be serious consider-
ation in weighing the potential benefits of PTA, which include improved quality of 
life and decreased end-organ complications from diabetes, against the attendant 
risks inherent in committing an individual to life-long immunosuppression, includ-
ing increased rates of infection and malignancy [75]. A fourth group of patients 
should be noted briefly, as isolated pancreatic islet cell transplantation has become 
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a viable treatment option for some patients. However, this procedure remains exper-
imental and must be performed as part of an FDA-approved clinical trial, the details 
of which are beyond the scope of this chapter.

 Benefits of Pancreas Transplantation

There is some debate as to the long-term benefit of pancreas transplantation for 
treatment of insulin-dependent diabetes mellitus. It is generally agreed upon that 
SPK transplantation improves quality of life compared with kidney transplantation 
alone; however, the data regarding mortality is less clear and is limited by ethical 
considerations preventing randomized controlled trials of SPK versus kidney trans-
plant alone [76, 77]. Still, it appears to be true that 4-year patient survival after 
pancreas transplant is better for all three groups—SPK, PAK, and PTA—when 
compared to individuals remaining on the waitlist [78]. Additionally, there is some 
evidence that pancreas transplantation can reduce the severity of end-organ compli-
cations associated with diabetes, including nephropathy, neuropathy, and athero-
sclerotic cardiovascular disease, particularly in instances in which the allograft is 
functioning properly and able to maintain euglycemia for more than 5 years [79–
81]. This risk-benefit discussion will no doubt continue as medical treatments for 
diabetes are continually advancing.

 Anatomy

Surgical technique for pancreas transplantation is the same, regardless of whether or 
not the patient is receiving a dual organ transplantation. The pancreas is removed 
from the donor complete with a small segment of duodenum (surgically closed at 
each luminal end) and placed in the pelvis of the recipient. In the United States, it is 
common to use systemic venous drainage with anastomosis to a branch of the iliac 
vein, as opposed to portal venous drainage. In theory, portal venous drainage is 
more physiologic and avoids the risks associated with systemic hyperinsulinemia; 
however, it has been associated with a higher risk of thrombosis and thus more than 
90% of pancreas transplants in the United States use systemic venous drainage [82]. 
Drainage of pancreatic exocrine secretions is accomplished either by attaching the 
small duodenal segment to the bladder or to the small bowel in a side to side fash-
ion. Historically, bladder drainage was preferred as it has the advantage of allowing 
for early detection of rejection via monitoring of urinary amylase levels; however, 
this technique has been associated with increased rates of multiple complications 
including the development of a hyperchloremic metabolic alkalosis, recurrent uri-
nary tract infections, pancreatic leaks, and allograft pancreatitis [83]. Allograft sur-
vival rates appear to be similar regardless of drainage type. However, given the 
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reduction in associated complications, more than 80% of pancreas transplantations 
performed in the United States are enteric drained [84] (Fig. 4.4).

 Immunosuppression

Immunosuppression strategies for pancreas transplantation closely mirror those for 
kidney transplantation. Nearly all transplant centers advocate induction immuno-
suppression for every pancreas transplantation, with the vast majority of pancreas 
recipients (more than 85%) receiving T-cell depleting antibodies such as rATG [86]. 
The remainder will typically receive IL-2 receptor antibodies such as basiliximab, 
although basiliximab has been associated with an increased rate of acute rejection 

rSB

rCIA
rCIV
YG

dD

dSMA

dSMV

dSV

dPV

dSA

Fig. 4.4 Pancreas transplant anatomy. Surgical techniques vary. In this illustration, the arterial 
anastomosis is created by using a “Y graft” (YG), using the donor’s common, internal, and external 
iliac artery, to connect the donor superior mesenteric artery (dSMA) and the donor splenic artery 
(dSA) into a single vessel that connects end-to-side to the recipient common iliac artery (rCIA). 
The donor superior mesenteric vein (dSMV) and the donor splenic vein (dSV) join the donor portal 
vein (dPV) intact, and the donor portal vein is anastomosed end-to-side to the recipient common 
iliac vein (rCIV) (venous anastomoses vary). The portion of the donor duodenum (dD) attached to 
the donor pancreas is anastomosed directly to the recipient small bowel (rSB). Other variations, 
such as bladder drainage of the exocrine pancreas, are not shown. (From Dillman and Elsayes [85], 
reprinted with permission)
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within the first year when compared to rATG, so its use is generally reserved for 
those patients with strong contraindications to rATG [87].

Most patients undergoing SPK or PAK transplant will be maintained on a three-
drug maintenance immunosuppression regimen including a calcineurin inhibitor, an 
antimetabolite (typically mycophenolate), and prednisone. As with kidney trans-
plantation, there is significant variability between centers, particularly with respect 
to the long-term use of glucocorticoids. Approximately three fourths of pancreas 
transplant recipients will remain on triple immunosuppression for the life of the 
allograft [86]. Tacrolimus is the first-line calcineurin inhibitor of choice due to 
decreased rates of acute rejection and increased allograft survival at 1 year when 
compared with cyclosporine [88]. The popularity of alternate agents such as mTOR 
inhibitors has declined considerably in recent years, likely related to concerns about 
side effects such as proteinuria, poor wound healing, and dyslipidemia in patients 
with diabetes, such that fewer than 10% of pancreas recipients receive an mTOR 
inhibitor within the first year [84].

 Allograft Function and Rejection

Freedom from insulin dependence is the hallmark criterion for pancreas allograft 
survival; however, it is generally agreed upon that the development of hyperglyce-
mia is a late manifestation of allograft dysfunction. Because of the clinically silent 
nature of pancreatic dysfunction, routine laboratory monitoring is essential for sur-
veillance of allograft function, with patients typically followed once or twice weekly 
for the first several months and then every 2–4 weeks thereafter for the first year. 
Most programs will perform serial monitoring of lipase, amylase, and fasting serum 
glucose. Some transplant centers will also perform routine monitoring of DSAs, as 
has become common for kidney transplant recipients. When recipients with a his-
tory of type 1 diabetes present with hyperglycemia or other evidence of allograft 
dysfunction, it is common to perform tests for anti-insulin, anti-islet cell, and anti-
glutamic acid decarboxylase antibodies to assess for recurrent disease.

Most instances of allograft dysfunction, including those caused by acute rejec-
tion, are asymptomatic, although occasionally a patient will experience tenderness 
at the site of the allograft. Other nonspecific symptoms such as fever, malaise, or 
nausea can indicate allograft dysfunction. The most common laboratory abnormal-
ity is new elevation in pancreatic enzyme levels with or without new onset hypergly-
cemia. The differential diagnosis for elevated pancreatic enzymes should include 
acute pancreas allograft rejection, pancreas allograft vascular thrombosis, or steno-
sis as well as other causes of intraabdominal pathology including ileus, enzyme 
leak, small bowel obstruction, fluid collection, native pancreatitis, chemical-, alco-
hol- or hyperlipidemia-induced native or allograft pancreatitis, and infection includ-
ing CMV pancreatitis and abscess.

When acute rejection is suspected based on laboratory findings or history, addi-
tional workup is warranted. This should include abdominal imaging, typically with 
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ultrasound of the pancreas allograft with Doppler and a contrast enhanced CT scan 
of the abdomen and pelvis, followed by a biopsy when imaging is inconclusive. CT 
scan of the abdomen and pelvis can also detect if any inflammation is occurring in 
the native pancreas. In SPK recipients, it is common to first perform a kidney biopsy, 
as this procedure is less technically complicated than a pancreas biopsy and is asso-
ciated with fewer complications. However, rates of discordance of up to 30% have 
been reported between kidney and pancreas biopsies, such that a pancreas biopsy 
should still be performed if results of the kidney biopsy fail to reveal a suitable 
explanation for pancreatic dysfunction [89].

When compared to kidney transplantation, acute rejection is much more com-
mon in pancreas transplant recipients, with an estimated 15–20% of patients expe-
riencing an episode of acute rejection by 1  year [90, 91]. Randomized trials 
comparing treatment strategies for acute rejection in pancreas transplantation are 
lacking, so treatment protocols are typically based on the treatment of acute rejec-
tion in kidney transplant recipients. In general, acute cellular rejection is treated 
with corticosteroids and ATG, whereas acute antibody-mediated rejection is treated 
with the combination of plasmapheresis, IVIG, and rituximab. Response to treat-
ment correlates with the extent of injury on biopsy, and outcomes tend to be better 
when pancreatic dysfunction is detected early.

 Conclusion

Care of the kidney and kidney-pancreas transplant recipient requires a thorough 
review of the patient’s transplant history, knowledge of typical transplant protocols 
and medications and their adverse effects, and meticulous evaluations of the patient 
combined with timely communication with the transplant team. Primary care pro-
viders can partner with nephrologists to take care of a range of issues for these 
patients, including metabolic and cardiovascular complications, as well as onset of 
new medical concerns. Indeed, the wide range of prescribing practices of cardiovas-
cular medications suggests the need for more rigorous studies of the post-kidney 
transplant population. Collaboration between transplant specialists and primary 
care providers should be an ongoing process of research and clinical care to improve 
longevity and quality of life in kidney transplant recipients.
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Chapter 5
Primary Care of the Adult Liver 
Transplant Recipient

Lauren A. Beste and Anne M. Larson

 Introduction

Chronic liver disease affects 30–35 million individuals in the United States (USA), 
29 million in the European region, and an even greater number of persons world-
wide [1]. The liver is the second most commonly transplanted solid organ in the 
USA, representing roughly one fifth of solid organ transplants since 1999 [2]. The 
demand for liver transplantation—up to 15,000 patients yearly—far exceeds the 
supply of 6000 to 6500 organs [3]. Contrasting with dialysis for kidney failure, no 
mechanical organ substitutes exist for liver failure. Excluding kidney transplants, 
the waiting list for liver transplant contains two times as many individuals as all 
other solid organ listings combined [3].

The most common indications for adult liver transplantation include chronic liver 
failure, hepatocellular carcinoma, and acute liver failure (most often due to toxic 
ingestion). The most common etiologies of chronic liver disease in the USA include 
hepatitis C virus infection (HCV), non-alcoholic steatohepatitis (NASH), and alco-
hol-related liver disease (ALD). HCV has historically been the leading indication 
for liver transplantation, but the advent of direct acting antiviral therapies has led to 
a decline in the proportion of transplants performed for HCV, from 23.9% in 2014 
to 12.4% in 2017 [4]. Recent trends suggest that NASH disease has surpassed HCV 
as a cause for liver transplantation and shows no sign of slowing (Fig. 5.1) [5, 6].

L. A. Beste (*) 
Department of Medicine, Division of General Internal Medicine, University of Washington, 
Seattle, WA, USA

General Medicine Service, Veterans Affairs Puget Sound Health Care System, 
Seattle, WA, USA
e-mail: Lab25@uw.edu 

A. M. Larson 
Hepatology & Liver Transplantation, Division of Gastroenterology,  
University of Washington, Seattle, WA, USA
e-mail: amlarson@uw.edu

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-50629-2_5&domain=pdf
https://doi.org/10.1007/978-3-030-50629-2_5#DOI
mailto:Lab25@uw.edu
mailto:amlarson@uw.edu


78

Survival after liver transplantation is generally excellent, with 1- and 5-year post- 
transplant survival at 90.4% and 75.9%, respectively, [4] while the rate of 10-year 
survival is over 50% [20]. Post-liver transplant complications are divided into acute 
(the first 3–6 months post-transplant) and chronic or long term. Liver transplant 
centers typically bear responsibility for managing the patient’s immunosuppressive 
regimen and for addressing any hepatic or biliary complications that arise after liver 
transplantation [7]. Primary care providers (PCPs) should expect to manage the 
long-term metabolic side effects of immunosuppression, and to oversee preventive 
care such as vaccinations and cancer screenings. In addition, PCPs may be the first 
point of contact for patients when new symptoms arise.

 Liver Transplant Anatomy

Deceased donor transplants comprise 95% of all liver transplants in the USA [4]:

• The donor liver is placed in the orthotopic position (same location as the 
native organ).

• Four surgical anastomoses must be created between the donor allograft and the 
recipient to implant the new liver: inferior vena cava/hepatic veins, hepatic artery, 
portal vein, and common bile duct (Fig. 5.2):
 – There are two predominant caval reconstructions: the conventional technique 

(caval replacement, in which the relevant portion of the recipient’s inferior 
vena cava is resected and replaced with the donor portion; Fig. 5.3a) and the 
piggyback technique (Figs. 5.3b, c).
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Fig. 5.1 Total liver transplants by diagnosis. ALD alcoholic liver disease, HCV hepatitis C virus, 
Chol cholestatic, HCC hepatocellular carcinoma; Other/unknown includes non-alcoholic steatohepa-
titis. (Data from: Scientific Registry of Transplant Recipients. Available at: https://srtr.transplant.hrsa.
gov/annual_reports/2017/Liver.aspx#LI_50_tx_counts_diag_1_b64 Accessed July 1, 2019)
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 – The caval technique has largely been supplanted by the piggyback technique. 
The donor vena cava is closed inferiorly. The superior portion of the donor 
cava (including the hepatic veins) is anastomosed end-to-end to the recipient 
hepatic vein (Fig.  5.3b) or side-to-side (Fig.  5.3c) with the recipient vena 
cava. This technique reduces the need for veno-venous bypass.

• Both the donor and recipient gallbladder are removed at the time of surgery.
• In some settings, hepaticojejunostomy with Roux-en-Y reconstruction is 

necessary.
• Arterial or venous thromboses, stricture, or leakage from any of these anastomo-

ses are a common source of early post-transplant complications.

Living donor liver transplants (i.e., transplanting a portion of a healthy person’s 
liver) are performed less often due to risk to the donor, including death. Segmental 
living donor liver transplantation is occurring with increasing frequency, however, 
accounting for 401 liver transplants in 2018 [3]. The surgical anastomoses vary in 
this type of transplant depending on the hepatic segment used. This chapter focuses 
on transplantation from deceased donors in which the entire donor organ is 
implanted.
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Fig. 5.2 Anatomy and blood supply of the transplanted liver. (Reproduced with permission from: 
Berry et al. [47])
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 Early Post-transplant Period: 6–12 Months

Transplant recipients are closely monitored as inpatients during the immediate post- 
operative period for hemodynamic stability and acute complications. This manage-
ment is carried out by a multidisciplinary team that includes surgeons, hepatologists, 
intensivists, pharmacists, dietitians, and nursing staff. In addition to the periopera-
tive complications inherent in any surgery, such as bleeding, infection, or poor 
wound healing, liver transplant recipients have additional early risks. Very early 
post-transplant complications, within 3  months, include opportunistic infection, 
graft dysfunction, transplant-related surgical complications such as hepatic vascular 
thrombosis or biliary leaks, acute rejection, and other organ dysfunction (e.g., renal, 
pulmonary, neurologic) [8].

a

c

b

Fig. 5.3 Variations in caval reconstruction. (a) conventional technique. (b) piggyback technique 
with the superior portion of the donor cava anastomosed end-to-end to the recipient hepatic vein. 
(c) piggyback technique with the superior portion of the donor cava anastomosed side-to-side with 
the recipient vena cava (Reproduced with permission from: Chan et al. [48])
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 Typical Immunosuppressive Course

Transplant centers vary in their choice of immunosuppression in the first year post- 
transplant. Induction therapy is used during the first week post-liver transplant in 
some recipients, depending on the transplant center protocol. Induction therapies 
include antilymphocyte sera such as antithymocyte globulin or monoclonal antibod-
ies (e.g. basiliximab) which act by blocking interleukin-2 receptors. Corticosteroids 
are often used immediately after liver transplantation and then tapered over the next 
3–12 months.

 Infections

Infection remains a significant risk in the setting of liver transplantation. Sources of 
infection include (a) the donor organ, (b) reactivation of prior infection in the recipient, 
and (c) de novo infection by exogenous or endogenous organisms. During the first 
month, infections are typically nosocomial. Viral infections (e.g., cytomegalovirus 
[CMV], Epstein-Barr virus [EBV]) predominate during the second to sixth month 
post-transplant, followed by fungal, bacterial, and parasitic infections [9]. Because of 
the risk of opportunistic infection, post-liver transplant patients routinely receive viral, 
bacterial, and fungal prophylaxis. Protocols vary by institution. In general, prophylaxis 
is provided for pneumocystis jirovecii. Prophylaxis is used against candida species and 
tailored by the center if endemic fungi are prominent (i.e., histoplasmosis, cryptococ-
cus). CMV prophylaxis is typically given for seronegative recipients receiving CMV-
positive livers, or those undergoing induction immunosuppression with a T-cell specific 
agent such as thymoglobulin [10, 11]. Acyclovir prophylaxis for herpes simplex is 
given if CMV prophylaxis is not used. The prophylactic agents are subsequently dis-
continued over the next 3–12  months, depending upon center  protocol. After six 
months post-liver transplantation, infections are typically similar to those of the gen-
eral population (see Chap. 8).

 Graft Dysfunction

Primary nonfunction is one of the most serious immediate post-liver transplant com-
plications, occurring in up to 10% of recipients. In this circumstance, the graft fails 
to function immediately following reperfusion, and the patient develops acute liver 
failure and must be urgently retransplanted. Additionally, subacute graft failure can 
develop in about 7.3% of liver transplant recipients by 6 months and 9.6% by 1 year 
and may require retransplantation [4]. Because early graft dysfunction may be 
asymptomatic, liver function is carefully monitored with frequent laboratory studies 
and imaging. Timing of studies varies, but, in general, laboratory testing ranges from 
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weekly to every 3  months depending on how long has elapsed since transplant. 
Imaging is generally done every 3–6  months the first year—or for cause—then 
yearly. Protocol liver biopsies, used in the past to assess for rejection, are no longer 
performed. Factors associated with graft dysfunction include donation after cardiac 
death, donor macrovesicular steatosis, total ischemia time > 10 hours, reperfusion 
damage, older donor age (>60 years), and recurrent primary liver disease.

 Vascular Complications

Post-transplant arterial complications include thrombosis, stenosis, pseudoaneu-
rysm, and arterial rupture. Hepatic arterial pseudoaneurysms predispose to life- 
threatening hemorrhage and may require urgent endovascular or surgical 
intervention. Hepatic artery thrombosis (HAT) occurs in roughly 3–12% of liver 
transplant recipients and is a leading cause of early graft failure, requiring re- 
transplantation in up to 70% of cases [12]. The liver has a dual blood supply from 
both portal vein and hepatic artery, with only the hepatic artery carrying oxygenated 
blood. Even transient interruption of hepatic arterial flow may result in anoxic injury 
to the sensitive small bile ducts, especially if occurring within 4 weeks post- 
transplant (“early” HAT). The clinical consequences of HAT vary widely. Early 
HAT often leads to ischemia and necrosis of the allograft. Thrombolysis, thrombec-
tomy, or surgical intervention may be attempted followed by anticoagulation; how-
ever, failure to recanalize the artery necessitates urgent retransplantation.

If thrombosis occurs later, it typically leads to biliary complications with pre-
served hepatic synthetic function. Complications of HAT include bile duct necrosis, 
intrahepatic bilomas, ischemic cholangiopathy, secondary biliary cirrhosis, and 
death unless corrected rapidly through surgical or interventional radiologic inter-
vention. Therefore, most centers monitor laboratory results and routine duplex 
ultrasounds of the hepatic vessels in the early post-transplant setting (e.g., day 1 and 
day 5–7 post-transplant). Late hepatic artery thrombosis can present years after 
transplantation, although it may not require retransplantation if a collateral blood 
supply has developed. Late hepatic artery thrombosis is most often detected by rou-
tine duplex ultrasound or laboratory studies.

Portal vein thrombosis or stenosis occurs in up to 12% of liver recipients and is 
associated with increased risk of graft failure as well as increased mortality [12, 13]. 
Severe cases may result in portal hypertension with its subsequent complications of 
ascites and varices. The hepatic veins and inferior vena cava may also develop 
thromboses or stenoses, but this is less common.

 Biliary Complications

Biliary complications develop in up to 30% of recipients and include bile leaks, 
bilomas (bile-filled fluid collections resulting from a biliary leak), strictures, and 
recurrent cholestatic liver disease [13]. They can be associated with hepatic arterial 
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disease but may be related to technical aspects of the operation itself. Biliary com-
plications may develop at any time post-transplant and often present with abnormal 
liver studies, fevers or abdominal pain. Abdominal imaging, magnetic resonance 
cholangiopancreatography (MRCP), and endoscopic retrograde cholangiopancrea-
tography (ERCP) can all be helpful in determining the correct diagnosis. Strictures 
may be either anastomotic (80%) or non-anastomotic, with anastomotic strictures 
more often associated with biliary leakage. Hepatic arterial disease is causally asso-
ciated with up to 53% of cases of refractory biliary disease, as hypoperfusion of the 
bile ducts leads to biliary strictures [14]. Additionally, biliary complications are 
associated with increased risk of infection.

 Allograft Rejection

Early rejection is defined as development of acute cellular rejection (ACR) within 
the first year after liver transplantation. This type of rejection is cell-mediated and 
can frequently be reversed with appropriate immunosuppressive therapy. One or 
more episodes of ACR occur in 11.7%–26.9% of recipients, most commonly within 
the first 4–6 weeks post-liver transplantation [4, 15]. Patients are frequently asymp-
tomatic but may rarely present with fever, malaise, or abdominal symptoms. Ongoing 
laboratory surveillance is performed regularly to identify early signs of hepatocel-
lular injury. Timing of testing varies by center, but in general it is twice weekly for 
the first several weeks post-transplant, decreasing in frequency to every 3 months 
over the first year. Liver biopsy remains the gold standard for diagnosis if ACR is 
suspected. If confirmed, it is treated with high-dose corticosteroids followed by 
intensification of the patient’s baseline immunosuppressive regimen. If corticosteroid- 
resistant ACR develops, T-cell directed therapies such as IL-2 inhibitors or antithy-
mocyte globulin may be used. Acute rejection is associated with increased risk of 
graft failure (up to 10%), all-cause mortality, and transplant-related mortality [15].

 Late Post-transplant Period

 Survival and Cause of Death

Long-term survival continues to improve due to advancements in transplant tech-
nique and management. In addition to liver disease recurrence, long-term complica-
tions are generally associated with the use of immunosuppression: diabetes mellitus, 
systemic hypertension, dyslipidemia, obesity, de novo cancers, and nephrotoxicity. 
In the recipient who has survived 5  years or more after transplant, the primary 
causes of death are liver-related disease (27.3%), malignancy (21.1%), renal failure 
(10.2%), cardiovascular disease (8.6%), and infection (8.6%) [16]. It is anticipated 
that liver-related disease as a cause of post-transplant death will improve with the 
eradication of HCV infection.
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 Typical Immunosuppressive Course

In general, after the initial induction period, the backbone of maintenance immu-
nosuppressive regimens includes the calcineurin inhibitor (CNI), tacrolimus, 
which has largely replaced cyclosporine. Because of the long-term toxicities of 
calcineurin inhibitors, antirejection regimens may include an antimetabolite 
medication to spare the dose of the calcineurin inhibitor. The antimetabolite, 
azathioprine, has almost universally been replaced by either mycophenolate 
mofetil or mycophenolic acid. If calcineurin inhibitors are contraindicated or 
intolerable side effects develop, alternative agents such as the mammalian target 
of rapamycin (mTOR) inhibitors (sirolimus or everolimus) can be substituted as 
second-line options. The most common immunosuppressive regimens in adult 
liver transplant recipients in the United States include tacrolimus, mycopheno-
late mofetil and corticosteroids, or tacrolimus plus mycophenolate mofetil [4]. It 
is now much more common to avoid use of long-term corticosteroids. Sample 
immunosuppressant drug targets are shown in Table 5.1. (See Chap. 3 for further 
discussion of mechanisms of action, side effects, and drug interactions. Metabolic 
complications are discussed in Chap. 11).

 Evaluation of Liver Test Abnormalities

Any liver test abnormality in the post-liver transplant setting must be thoroughly 
evaluated. The testing performed will depend on the severity and type of abnormal-
ity. After the first post-transplant year, liver tests are typically monitored every 3 
months or if new symptoms develop. Evaluation should be conducted in conjunc-
tion with the transplant center.

Table 5.1 Sample immunosuppressant trough targetsa by time post-liver transplant

Time post-liver transplant

Regimen 0–3 mo 3–6 mo 6–12 mo 12–24 mo >24 mo

Tacrolimus 
level

Tacrolimus 5–8 ng/mL 5 ng/mL 3–5 ng/mL

Tacrolimus- 
MMF (or 
AZA)-steroid

≤8 ng/mL 5 ng/mL 3–5 ng/mL

Tacrolimus- 
sirolimus

5–8 ng/mL 5 ng/mL 3–5 ng/mL

Sirolimus level Sirolimus- 
MMF- steroid

5–10 ng/mL

Sirolimus- 
tacrolimus

5–8 ng/mL 5 ng/mL 3–5 ng/mL

Cyclosporine 
level

CsA-MMF (or 
AZA)-steroid

150–200 ng/
mL

150 ng/mL 100 ng/mL 80–100 ng/mL 60–80 ng/
mL

aImmunosuppressive drug targets are individualized and generally managed by the patient’s liver 
transplant center. The targets shown are for general information, not meant to guide clinical care.
Abbreviations: MMF mycophenolate mofetil, AZA azathioprine, CsA cyclosporine, ng/mL nano-
grams per milliliter, mo month
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In the asymptomatic patient with mildly elevated transaminases or bilirubin:

• If found on routine testing, the patient should be evaluated in person to confirm 
that he or she is asymptomatic, and to evaluate medication use, including new 
medications or supplements, as well as adherence to immunosuppressive medi-
cations, substance use (including alcohol), and for symptoms of recent 
infections.

• If truly asymptomatic and elevations in liver enzymes are mild, it may be reason-
able to recheck liver tests in 1–2 weeks. If they normalize, further evaluation is 
unnecessary.

• Ongoing liver test abnormalities should be investigated with a duplex ultrasound 
to evaluate the liver, biliary tree, and the hepatic vessels. Additional testing may 
include immunosuppressive drug levels or tests for infection, such as hepatitis B 
virus (HBV), CMV, or EBV PCR.

• Any biliary abnormalities should prompt further evaluation of the biliary tree, 
such as magnetic resonance cholangiopancreatography or endoscopic retrograde 
cholangiopancreatography.

• Liver biopsy is often required to determine whether the test abnormality is sec-
ondary to rejection versus another cause. With appropriate immunosuppression 
management after transplant (Table 5.1), rejection episodes are generally mini-
mized in the majority of patients.

Patients with severe transaminase or bilirubin elevation, or who are symptom-
atic, should immediately be referred for urgent evaluation either to the managing 
hepatologist or the emergency department, depending on the patient’s clinical sta-
bility. If uncertain, then the hepatologist should be contacted to assist with triage 
and initial management.

 Chronic Rejection

Chronic rejection can occur at any time post-liver transplantation, but generally 
presents more than 6 months after transplantation. Its pathogenesis remains unclear. 
This type of rejection leads to obliterative angiopathy and loss of the intrahepatic 
bile ducts (ductopenia). It presents predominantly with clinical and biochemical 
cholestasis. It is more common in patients with a history of steroid-refractory ACR 
and in patients with chronic viral hepatitis or autoimmune hepatitis (AIH) [17, 18]. 
Treatment remains difficult and retransplantation may be required.

 Recurrence of Chronic Liver Disease

The underlying disease that resulted in liver failure may still be present after trans-
plant. Recurrence can lead to significant morbidity and mortality following trans-
plant and must be managed appropriately.
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• Viral hepatitis: Viral hepatitis invariably returns after liver transplantation. In the 
past, recurrent HCV resulted in accelerated liver damage, cirrhosis, and rapid 
deterioration of the graft. With the advent of direct-acting antiviral (DAA) thera-
pies, patients are either treated for HCV in anticipation of transplant or treated 
immediately afterwards. HCV treatment should only be carried out in collabora-
tion with the transplant center since some DAAs may alter the levels of calcineu-
rin inhibitors. HBV infection makes up less than 10% of US liver transplants, 
whereas it is the most common indication in Asia. Patients with HBV infection 
must remain virally suppressed indefinitely post-liver transplantation to prevent 
damage to the allograft. The combination of hepatitis B immune globulin at the 
time of transplantation plus chronic HBV antiviral medication prevents liver 
injury in nearly all liver transplant patients with chronic HBV.

• Nonalcoholic steatohepatitis: NASH is the fastest-growing etiology leading to 
liver transplantation, predicted to be the leading cause of liver transplantation by 
2020–2030 (Fig. 5.1) [4, 14, 19]. Many comorbidities associated with NASH 
(e.g., obesity, diabetes, dyslipidemia, and hypertension) not only remain present 
post-transplant but may be exacerbated by antirejection drugs. Diabetes may 
result from corticosteroids or tacrolimus. CNIs can lead to systemic hypertension 
and sirolimus causes hyperlipidemia. Additionally, up to 70% of recipients will 
gain excessive weight over the first year post-transplant [20]. As a result, NASH 
frequently recurs post-transplant or can develop de novo [21]. Recurrent NASH 
may cause elevated liver tests and can lead to fibrosis; however, cirrhosis is 
uncommon in the first 5 years following liver transplantation. Primary care pro-
viders, therefore, have a critical role in helping to manage obesity and metabolic 
conditions post-liver transplantation to prevent recurrence or development 
of NASH.

• Autoimmune liver disease: The recurrence of autoimmune liver disease (primary 
sclerosing cholangitis [PSC], AIH, and primary biliary cholangitis [PBC]) varies 
from patient to patient. Recurrence of PSC has been reported in up to 50% of 
recipients by 5 years post-transplant, with graft loss seen in up to 25% [22, 23]. 
Patients with PSC and inflammatory bowel disease require annual colonoscopy 
after liver transplantation to screen for colon cancer. Recurrence of PBC devel-
ops in about 18% of liver transplant recipients and can be treated with ursodiol, 
similar to that used pre-transplant [19]. AIH recurs in 17–33% of patients post- 
transplant, with 6% requiring retransplantation [24]. Liver biopsy is often neces-
sary to distinguish recurrent autoimmune liver disease from rejection.

• Hepatocellular carcinoma: Hepatocellular carcinoma (HCC) is a leading cause 
of liver transplantation. Patients with HCC must meet stringent criteria for the 
size and number of HCC lesions to be eligible for liver transplantation [25]. 
However, in many cases liver transplantation is an ideal choice to cure both HCC 
as well as underlying cirrhosis, if present. Patients with HCC who are trans-
planted within select criteria have been shown to have equivalent 5-year survival 
rates compare to liver transplant recipients overall [26]. Patients with a history of 
HCC must be screened carefully for recurrence after transplant, typically with 
multiphase CT or MRI of the liver every 6 months for at least 3 years. Post- 
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transplant HCC recurs in 6–18% of patients and may behave aggressively in the 
immunocompromised patient [27]. Management of post-transplant  recurrent 
HCC requires a multidisciplinary approach.

• Alcohol-related liver disease: Patients transplanted for ALD have an overall 
survival similar to that of recipients without ALD [28]. To meet transplant 
eligibility requirements, all prospective liver transplant patients are closely 
screened for substance use disorders, insight into their drinking, psychosocial 
support, and typically must demonstrate a documented period of sobriety. 
Patients with ALD frequently lose the urge to drink while they have decom-
pensated liver disease but are at risk for return to alcohol use post-transplant. 
In meta-analysis, the pooled prevalence of self-reported alcohol use after liver 
transplantation for those transplanted for ALD was 26.3% (95% CI 18–36.7%) 
over a median follow-up of 6 years [29]. The causes of death in ALD patients 
who return to heavy drinking tend to be liver-related [30]. All liver transplant 
recipients are recommended to undergo regular screening for alcohol misuse 
and to engage in behavioral health intervention and treatment to support 
sobriety, if indicated.

 Late Surgical Complications

Biliary and vascular complications can develop at any time in the post-trans-
plant period and are managed as discussed above. Incisional hernia may develop 
after liver transplantation. If repair is desired, surgeons typically recommend 
waiting approximately a year after transplantation to allow for abdominal wall 
healing, stable liver function, and reduced risk of infection. In the meantime, 
abdominal binders provide symptomatic management until surgery can be per-
formed. Patients should be educated about the possibility of bowel 
incarceration.

 Preventive Care for the Liver Transplant Recipient

Primary care providers are frequently the first point of contact for liver transplant 
recipients when new health concerns arise, especially if the patient resides far from 
their transplant center. Adult liver transplant recipients are most commonly between 
50 and 64 years at the time of transplantation and may have non-hepatic comorbidi-
ties [4]. Among patients who survive more than 5 years after liver transplant, the 
most common causes of death include malignancy, cardiovascular disease, and 
renal failure. Close coordination with the transplant center is advised when consid-
ering new medications or liver-directed workup. A summary of clinical pearls for 
outpatient assessment of the liver transplant recipient is shown in Table 5.2, and 
typical testing intervals are shown in Table 5.3.
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 Immunosuppression Management

Liver transplant recipients remain on immunosuppression for the rest of their lives, 
with rare exception. Immunosuppressive medication adjustment is typically man-
aged by the transplant center (sample trough target levels are described in Table 5.1) 
(see Chap. 3).

PCPs should be aware of drugs that may alter the levels of CNIs, and thus poten-
tially provoke rejection or drug toxicity. Typical culprits include antiseizure medica-
tions (phenobarbital, phenytoin, carbamazepine) and anti-infectives (isoniazid, 
fluconazole). The use of vitamins and supplements should be assessed at every visit, 
as many will interact with calcineurin inhibitors (e.g., St. John’s wort, kava kava, 
echinacea) [31]. Tobacco and cannabis use are specifically assessed in the pre- 
transplant setting, but may be associated with complications post-transplant. All 
patients should be queried regarding use of alcohol, tobacco, and recreational drugs 
(including all forms of cannabis) at each post-transplant visit. Liver transplant 
recipients should be advised to avoid any substance use, including tobacco and alco-
hol. Most programs recommend complete avoidance of cannabis as well. There is 

Table 5.2 Clinical pearls for the primary care provider—evaluating liver transplant recipients at 
outpatient clinic visits

Initial visit:
  Review pre-transplant and initial post-transplant course:
  Indication for transplant
  Pre-transplant complications
  Type of donor
  Induction immunosuppression
  Early complications (surgical complications, infection, rejection)
  Symptoms, exam, medications, laboratory studies similar to follow-up visits
Follow-up visits:
  Symptoms: Pain, symptoms of volume depletion or excess, side effects of medications, 

symptoms of infection, symptoms of liver dysfunction, including jaundice, confusion, 
bleeding

  Exam: Blood pressure, heart, lung, abdomen exam, volume status
  Medications: Current regimen, adherence, side effects, goal trough levels
  Substance use: assess for alcohol and other substance use
  Mental health screening: Screen for and treat depression and other mental health conditions
  Laboratory and other studies: Adherence to routine surveillance schedule set forth by the 

transplant team; surveillance for rejection (see Table 5.3)
  Surveillance: Adherence to surveillance for underlying conditions, if applicable (e.g., HCC, 

PSC) (see Table 5.3)
  Metabolic complications: Assess and treat
   Address obesity, diet, exercise, and other risk factors for NASH
   Hypertension, dyslipidemia, diabetes, osteoporosis

See text for details, also see Chaps. 2,  10, 11 and 12
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very little data on the use and safety of edible or topical forms of cannabis in this 
setting. Patients who continue to use these substances against transplant center rec-
ommendations and require a second transplant may place their candidacy at risk.

 Immunizations

Although this book focuses on the care of post-transplant recipients, it is worth not-
ing that primary care providers should encourage potential liver transplant patients 
to undergo any necessary vaccinations in the pre-transplant setting since live virus 
vaccines are contraindicated post-liver transplant. Pre-transplant vaccinations 
include pneumococcus, hepatitis A virus, HBV, tetanus/diphtheria/pertussis, human 
papilloma virus, varicella virus, and herpes zoster.

Table 5.3 Typical post-liver transplant monitoring*

Test Recommended frequency

Laboratory studies
  Liver panel with GGT and INR
  CBC/ differential
  Basic metabolic panel
  Immunosuppression trough levels

Multiple times per week immediately post- 
transplant, ultimately every 3 months by year 1

Hemoglobin A1c Every 3 months for first year, then annually
Lipid profile Annually
Blood pressure Every visit
24-hour urine protein OR
urine protein-to-creatinine ratio

Annual to monitor for proteinuria, especially if 
treated with mTOR inhibitor

DEXA Every 2–3 years if normal bone density
Annually if low bone density or treated with 
steroids

Skin survey Annually
Colonoscopy Annually if history of inflammatory bowel 

disease
Every 5–10 years if average risk

Cervical cancer screening Annual Papanicolaou test (with HPV co-testing 
if ≥30 years old) for 3 years, then every 3 years 
if normal, at minimum through age 65

Liver biopsy As indicated by transplant center. Routine 
protocol biopsies are no longer performed

Abdominal imaging Yearly to assess vasculature and liver
 If history of HCC before transplant: Liver 
protocol CT or MRI q6 months for 3–5 years
 If recurrent cirrhosis: Liver ultrasound and 
alpha-fetoprotein every 6 months

Visit to transplant hepatologist Every week for first 1–3 months, then every 
3–12 months depending on stability and 
co-management setup

*Note testing varies by transplant center and by patient indications
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Following transplant, inactivated virus vaccines may be given safely, the excep-
tion being the recombinant shingles (herpes zoster) vaccine, because of the potential 
for its immune response to precipitate rejection. The safety of the shingles vaccine is 
still being explored at this writing. All recipients should receive an annual influenza 
vaccination and repeat vaccinations for other diseases at appropriate intervals (e.g., 
pneumococcus). Vaccination guidelines are in place for the management of trans-
plant recipients [32]. As vaccination recommendations change frequently, primary 
care providers should check the Centers for Disease Control and transplant guide-
lines regularly. (See Chap. 12 for further discussion of routine immunizations.)

 Cancer Screening

As discussed in other chapters (Chaps. 10 and 12), liver transplant recipients have a 
dramatically elevated risk of skin cancer, solid organ tumors, and hematologic malig-
nancy. Cancer may develop de novo or recur from prior disease. The incidence of de 
novo cancer is higher than that seen in the nontransplant population, increasing to 
11–20% by 10 years post-transplant. Skin cancers – predominantly squamous and 
basal cell carcinomas – are the most common malignancy in this population. All liver 
transplant recipients should undergo annual skin survey, use sunscreen, and avoid sun 
exposure. Post-transplant lymphoproliferative disorder (PTLD) is associated with 
EBV.  PTLD occurs in 1% of liver transplant  recipients by post-transplant year 5 
(roughly 2% for individuals without EBV antibodies) [4]. Screening for colon, pros-
tate, and breast cancer is consistent with standard guidelines in most average- risk 
individuals with the exception of yearly colonoscopy for those with inflammatory 
bowel disease. Women on long-term immunosuppressive therapy are less likely to 
clear human papilloma virus (HPV) compared to average risk women, placing them 
at increased risk for cervical dysplasia and cancer. Women should receive annual cer-
vical cancer screening via Papanicolaou test for 3 years (with HPV co-testing if 
≥30 years old), then every 3 years if normal, at minimum through age 65. Surveillance 
for recurrent HCC is discussed above. Screening for malignancies in the liver trans-
plant recipient is summarized in Table 5.3.

 Fertility, Pregnancy, and Breast-Feeding

Liver failure is associated with reduced fertility and sexual dysfunction. Free testos-
terone levels improve in men and fertility returns in nearly all individuals by 1 year 
following transplant [33]. Sexual dysfunction may not resolve. Women who con-
ceive after liver transplantation are at increased risk for obstetrical complications 
(up to 19%), including pregnancy-induced hypertension, pre-eclampsia, low birth-
weight, preterm delivery, and fetal demise although overall pregnancy outcomes are 
favorable [34–37].
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All premenopausal liver transplant recipients who are at risk for conception 
should receive counseling to prevent unplanned pregnancy. Preferred contraceptive 
options include long-acting reversible contraceptives such as intrauterine devices or 
progesterone implants, barrier methods, progestin-only hormonal contraceptives, 
and tubal ligation. Combined hormonal contraceptives may be options in patients 
with stable allograft status and without contraindications such as uncontrolled 
hypertension or thromboembolic risks, though this should be discussed with the 
managing hepatologist prior to initiation [38]. Estrogen-containing contraceptives 
do not appear to significantly affect immunosuppression levels [10]. Emergency 
contraception appears to be safe in liver transplant recipients [38].

Liver transplant recipients who desire pregnancy should receive pre-conception 
counseling. Ideally, women should avoid pregnancy for 1–2 years post-transplant to 
ensure stable liver function and a consistent immunosuppressive regimen [38]. A 
higher proportion of women who conceive more than a year after transplantation 
have live births compared to those who conceive sooner (98% vs. 80%) [37]. All 
women who become pregnant after liver transplantation should be referred to a 
high-risk obstetrician or maternal-fetal-medicine specialist for management.

Immunosuppression must be continued and managed carefully during preg-
nancy. Medications with a category D status (known teratogen) should be avoided, 
particularly mycophenolate mofetil. Immunosuppressants that appear  to be rela-
tively safe in pregnancy at contemporary clinical dosing include corticosteroids, 
azathioprine, cyclosporine, and tacrolimus. Pregnancy is not associated with an 
increased risk for graft failure, but immunosuppression levels may fluctuate during 
pregnancy. Allograft function and CNI  serum levels should be checked every 
4 weeks until 32 weeks and then every 2 weeks until delivery [19]. Allograft func-
tion should be checked weekly for at least 1 month after delivery until stability is 
demonstrated.

Breastfeeding is not contraindicated in the liver transplant recipient. Although no 
immunosuppressants are labeled for use in lactation, there have been no infant 
adverse effects reported for breastfeeding with azathioprine, cyclosporine, or tacro-
limus, despite trace amounts detectable in breastmilk [39]. Breastfeeding is not rec-
ommended with mycophenolate mofetil, everolimus, or sirolimus due to inadequate 
data on drug excretion in breastmilk [34]. Guidance can be sought though the 
LactMed database maintained by the National Institutes of Health [40].

 Systemic Disease and Overall Health

 Obesity and Nutrition

In 2017, 35.9% of liver transplant recipients were obese at the time of transplanta-
tion (BMI ≥30 kg/m2) and 14.0% were severely obese (BMI ≥35 kg/m2) [4]. As 
noted above, the rate of the metabolic syndrome (diabetes, hypertension, obesity, 
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and dyslipidemia) increases after transplant [41]. Additionally, about 20% of lean 
transplant recipients will become obese by 2–3  years after liver transplantation. 
Patients should be counseled regarding dietary and lifestyle modifications. Those 
who are already obese may require referral to a behavioral weight-loss program or 
nutritionist. Bariatric surgery is not contraindicated in this setting, although the 
optimal timing and type of procedure is unknown.

 Diabetes Mellitus

Diabetes in the post-liver transplant setting consists of pre-existing diabetes mellitus 
(DM) and new onset diabetes after transplant (NODAT). Insulin-requiring diabetes 
mellitus persists following transplant, and many patients who were on oral hypogly-
cemic medications pre-transplant may require transition to insulin. The prevalence 
of NODAT in the transplant recipient varies from 5% to 26% and may remit over 
time [14, 42]. Diabetes is negatively associated with all-cause mortality after trans-
plant as well as mortality secondary to cardiovascular, infectious, and allograft- 
related events [41]. Similar to the non-transplant population, careful control of 
blood glucose likely decreases both morbidity and mortality. Both DM and NODAT 
adversely affect long-term survival following liver transplant. Management of post- 
transplant diabetes is similar to management of diabetes in the general population. 
Many experts recommend a hemoglobin A1c target of <7.0% as there appears to be 
no additional advantage to tighter glucose control [19].

 Systemic Hypertension

Hypertension develops in the majority of recipients by 2–3 years post-transplant. 
The presence of hypertension in liver transplant recipients is associated with an 
increased risk of chronic kidney disease as well as both fatal and nonfatal cardiovas-
cular events. Management is similar to the non-transplant setting. Lifestyle modifi-
cations with weight loss and sodium restriction should be encouraged. When 
treating hypertension, calcium channel blockers are preferred as the first line agent 
because these drugs counteract the vasoconstrictive effects of the CNIs [43]. Beta- 
blockers or thiazide diuretics can be added as second-line therapy. Angiotensin 
receptor blockers and angiotensin-converting enzyme inhibitors should be used 
cautiously or avoided altogether due to the risk of hyperkalemia and acute kidney 
injury in combination with calcineurin inhibitors [31].
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 Dyslipidemia

Dyslipidemia develops in up to 70% of liver transplant recipients [21, 44]. It is 
associated with an increase in cardiovascular morbidity and mortality. mTOR inhib-
itors are particularly implicated in causing markedly elevated triglyceride levels. 
For isolated hypertriglyceridemia, fish oil or fibric acid derivatives can be consid-
ered. Medication therapy should be considered if the low-density lipoprotein cho-
lesterol level is >100  mg/dL, with or without elevated triglycerides. HMG-CoA 
reductase inhibitors are not contraindicated after liver transplantation if otherwise 
indicated. However, rosuvastatin and pravastatin are preferred due to lower risk of 
rhabdomyolysis caused by interaction with CNIs. If lipid control is suboptimal, the 
addition of ezetimibe to the statin can improve results [19].

 Chronic Kidney Disease

The majority of liver transplant recipients will develop chronic kidney disease 
(CKD), with a prevalence of up to 80% [34]. Up to 10% will develop end-stage 
renal disease during the first 10 years post-transplant, necessitating hemodialysis. 
The etiology of CKD is multifactorial, including diabetes mellitus, calcineurin 
inhibitor use, hypertension, and perioperative acute kidney injury. Patients should 
have careful monitoring of their renal function. Many transplant centers require 
annual 24-hour urine collection for creatinine clearance and proteinuria. At mini-
mum, a spot urine-protein-to-creatinine ratio should be evaluated at least once a 
year [45].

 Infectious Disease

See Chap. 8 for further details. As noted above, recipients of liver transplantation 
are most at risk of infectious complications in the first 6 months following trans-
plant. Pathogens seen during this time frame include opportunistic viruses (CMV, 
HSV, herpes zoster), fungi (Aspergillus, Cryptococcus), and bacteria (Nocardia, 
Listeria, mycobacteria). The use of prophylactic anti-infective medications mini-
mizes the risk during this time period. Infectious risk declines after this, and the 
most common infections are then due to community-acquired pathogens.
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 Mental Health

Depression is common both before and after liver transplantation. Selective sero-
tonin reuptake inhibitors may be used post-transplant, but side effects and drug 
interactions should be taken into consideration (see Chap. 3) [31].

 Pain Management

Pain is a frequent complaint after liver transplant. Once liver function has been 
restored, a wide range of pain medications may be used as indicated. Acetaminophen 
is safe in doses up to 2000 mg per day. Non-steroidal anti-inflammatory drugs inter-
act with calcineurin inhibitors and should be avoided or used with extreme caution 
to avoid nephrotoxicity [46]. Narcotic pain relievers are discouraged for chronic use 
in most patients due to tolerance concerns and an unfavorable side effect profile, but 
they will be metabolized normally by a well-functioning transplanted liver. Patients 
are frequently severely deconditioned prior to transplantation due to the muscle 
wasting that occurs in liver failure, as well as the effects of malnutrition and pro-
longed hospitalizations. Physical therapy and rehabilitation are often beneficial after 
transplantation to promote improvement in function as well as pain management.

 Summary

Liver transplantation is a lifesaving and life-prolonging treatment for patients with 
liver failure. Long-term survival following transplant is outstanding and patients 
now routinely live beyond 10 years. Primary care providers are more likely than 
ever to have liver transplant recipients in their practice and are key to their overall 
management. In addition to close collaboration between the transplant center and 
the primary care provider, familiarity with common acute and chronic health issues 
in the liver transplant recipient is essential for all primary care providers who care 
for these patients.
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Chapter 6
Primary Care of the Adult Heart 
Transplant Recipient

Vidang P. Nguyen, Andy Y. Lee, and Richard K. Cheng

 Introduction

Heart failure is one of the most common causes of morbidity and mortality through-
out the world. With an aging population and advances in treatment options includ-
ing revascularization, neurohormonal blockade, and advanced device therapies, the 
prevalence of individuals living with heart failure is increasing [1]. In the United 
States, people over the age of 40 have a > 20% lifetime risk of developing heart 
failure [2]. Over 650,000 Americans are newly diagnosed with heart failure each 
year [3] with a worldwide prevalence of 26 million [4].

The New York Heart Association (NYHA) functional classification system 
describes patient symptoms: NYHA class I includes asymptomatic patients, with 
progressive limitation for NYHA class II and III. NYHA class IV includes patients 
with heart failure symptoms at rest who are unable to perform activities of daily 
living. In contrast to the NYHA classification, the American College of Cardiology 
(ACC) and American Heart Association (AHA) have described stages that outline 
structural changes of chronic heart failure [5]. ACC/AHA stage A and stage B heart 
failure include asymptomatic patients without and with structural heart changes, 
respectively. Stage C heart failure patients are those with symptoms of heart failure 
and stage D with refractory end-stage heart failure.
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When patients with heart failure progress to stage D, specialist intervention is 
often required due to the high morbidity and mortality in this population. There is 
increasing use of mechanical circulatory support (MCS) devices such as the left 
ventricular assist device (LVAD). MCS devices have been used as both “destination 
therapy” (not eligible for heart transplantation) as well as “bridge-to- transplantation” 
(BTT) [6]. While successive generations of MCS devices have improved outcomes 
since the first LVAD was approved in 2004, the overall survival for heart transplan-
tation exceeds that of destination therapy. Therefore, heart transplantation remains 
a critically important option for patients with stage D heart failure.

Heart transplantation was first made possible with the development of vascular 
anastomosis for the transplanted heart. Alexis Carrel and Charles Guthrie first 
described this technique in 1905 when they succeeded in transplanting a heart from 
one dog to another by connecting the donor’s heart vessels to the recipient’s carotid 
artery and jugular vein [7, 8]. Despite a successful anastomosis with adequate coro-
nary artery perfusion, the heart was not able to provide circulatory assistance [9].

The surgical technique was continuously refined leading to the first orthotopic 
heart transplantation by Dr. Christiaan Barnard in 1967. With evolving surgical 
techniques and advances in immunosuppression, post-heart transplant survival has 
improved to approximately 90% at 1 year, with a median survival of greater than 
15 years [10–12]. Heart transplantation volumes have grown in recent years with 
over 5000 transplantations performed worldwide in 2016 [13].

The increasing numbers of patients who have received heart transplantation, 
combined with improving survival, will lead to a growing population of heart trans-
plant recipients expected to be at least partly evaluated and treated in the primary 
care setting.

 Pre-transplant Course

While this chapter focuses on the treatment of post-heart transplant recipients, it is 
useful to review the patient’s pre-transplant course.

 Common Indications

Coronary artery disease is one of the most important contributors to heart failure, 
with highly prevalent population-attributable risk factors of hypertension, diabetes 
mellitus, obesity, and smoking. Therefore, it is no surprise that ischemic heart dis-
ease is the most common diagnosis in patients being evaluated for heart transplanta-
tion in developed countries. With improved revascularization techniques over the 
last several decades, the proportion of patients with ischemic cardiomyopathy being 
transplanted has decreased over time, whereas the non-ischemic cardiomyopathy 
(NICM), valvular cardiomyopathy, and restrictive cardiomyopathy (RCM) cohorts 
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are increasing [10]. Patients with RCM and congenital heart disease (CHD) have a 
higher risk of death on the waitlist for heart transplantation as they typically do not 
benefit from MCS therapies [14]. As would be expected, the proportion of HF etiol-
ogy varies by age group, with NICM being the most dominant diagnosis until age 
60, after which ischemic cardiomyopathy becomes more common; this mirrors the 
findings of most large heart failure registries. In contrast, the diagnoses of RCM, 
CHD, hypertrophic cardiomyopathy, and myocarditis are more common among 
heart transplant recipients than the general heart failure population [10]. Following 
heart transplantation, there is a low likelihood of the underlying disease returning in 
the transplanted heart for most causes of heart failure. The risk is higher for certain 
diagnoses, such as giant cell myocarditis where one third of patients will have recur-
rence of the disease [15]. Even though quality of life and longevity are generally 
improved, there is an inherent trade-off to heart transplantation: replacing the symp-
toms and morbidity of chronic HF with the lifelong need for immunosuppression 
and its associated risks. Common indications for transplantation in North America 
are shown in Table 6.1.

Pre-transplant Workup and Treatment:
• Comprehensive cardiac evaluation is performed to identify potentially reversible 

causes prior to referral for heart transplantation. It is worthwhile reviewing a 
patient’s indication, as well as his or her time on the waiting list, and any prior 
complications. Specific indications for heart transplantation include cardiogenic 
shock requiring inotropic therapy or MCS, refractory New York Heart Association 
(NYHA) functional class IV heart failure, end-stage congenital heart disease, 
poor cardiopulmonary exercise test (CPET) results, an anticipated one-year sur-
vival less than 80% due to progressive heart failure, refractory angina without 
options for further revascularization, or intractable life-threatening arrhythmias.

• Comorbid conditions that may be a barrier to heart transplantation are assessed 
thoroughly prior to transplantation, including cerebrovascular disease, peripheral 
vascular disease, chronic kidney disease (CKD), diabetes, obesity, cancer, and 
chronic infections.

• Mechanical circulatory support: LVAD as BTT may be a reasonable strategy for 
patients who are either anticipated to have a long wait time on the transplant list 
due to blood group and/or body type or as a “bridge-to-candidacy” for those who 
are not candidates at the time of evaluation, but have modifiable barriers that can 

Table 6.1 Indications for heart transplantation in 
transplanted recipients 2009–2017 in North 
America [13]

Non-ischemic cardiomyopathy 49%
Ischemic cardiomyopathy 35%
Restrictive cardiomyopathy 4%
Retransplant 3%
Congenital heart disease 3%
Hypertrophic cardiomyopathy 3%
Valvular heart disease 2%
Other 1%
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be overcome [16]. Despite a slightly higher 90-day post-transplant mortality, 
BTT LVAD patients have a similar 5-year conditional survival (conditional on 
90-day survival), functional status, and quality of life in comparison to “de novo” 
primary heart transplant patients [17]. Review of the pre-transplant course should 
include whether the patient had MCS therapy prior to transplantation.

 Anatomy

Early heart transplantations used the biatrial technique, consisting of a simple anas-
tomosis at the mid-level of the left atrium and right atrium. The pulmonary artery 
and aorta were anastomosed above the semi-lunar valves. This surgical technique 
often led to long-term complications of tricuspid regurgitation and atrial arrhyth-
mias due to distortion of the right atrial anatomy. It was replaced by the bicaval 
technique several years later, which preserves the donor right atrium by anastomosis 
of the superior and inferior vena cava (Fig. 6.1) [18].

Anastomoses (Bicaval Method):
• The donor left atrium is anastomosed to the recipient’s pulmonary veins. In the 

most common method, the recipient’s left and right paired pulmonary veins are 

a

b

c

d

e

f

Fig. 6.1 Step-wise illustration of the bicaval orthotopic heart transplantation. (a) Donor heart 
(posterior view). The superior vena cava is divided above the azygos vein and the distal end is 
enlarged by cutting into the azygos vein stump. The pulmonary veins are joined on each side. (b) 
Recipient heart explanted. The vena cavae are transected circumferentially. The left atrium is com-
pletely removed, leaving only two left atrial cuffs, which include the ostia of the pulmonary veins. 
(c) Left pulmonary venous anastomosis to the corresponding orifice in the left atrium of the donor’s 
heart. (d) Right pulmonary venous anastomosis. (e) The superior and inferior venae cavae are 
anastomosed in an end-to-end fashion. (f) Aorta and pulmonary artery reconstructed, and implan-
tation of the cardiac allograft completed. (Adapted from Magliato and Trento [104]. Reprinted 
with permission)
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left attached to a portion of the recipient left atrium—an atrial “cuff,” to facilitate 
anastomosis to the donor left atrium. The donor left atrium pulmonary vein ori-
fices are joined to create a matching left and right anastomosis for the atrial cuffs.

• The inferior and superior vena cavae are joined end-to-end between the donor 
and recipient.

• The donor aorta above the level of the coronary sinuses is anastomosed end-to- 
end to the recipient’s ascending aorta.

• The donor main pulmonary artery is anastomosed end-to-end to the recipient’s 
main pulmonary artery.

Certain patients who do not have favorable anatomy for a bicaval anastomosis 
may still require biatrial anastomosis. In extremely rare occasions, a heterotopic 
heart transplantation may be necessary, which involves preservation of the native 
heart and engraftment of the donor allograft in parallel to allow for biventricular 
support. This technique is considered in select situations when the donor is consid-
ered unstable or the recipient is rapidly deteriorating or has fixed pulmonary hyper-
tension, and for this reason heterotopic heart transplantations carry a particularly 
high mortality when compared to orthotopic heart transplantation [19].

Denervation:
Because the native innervation of the heart muscle is transected at the time of car-
diac transplant, the cardiac sympathetic and parasympathetic responses are lost. As 
the vagus nerve predominantly modulates the sinoatrial and atrioventricular node to 
slow native heart rate, parasympathetic activity is lost and the donor heart becomes 
persistently tachycardic at rest. Moreover, due to loss of sympathetic innervation, 
the donor heart rate is high at baseline and becomes reliant on circulating catechol-
amines in order to provide a sympathetic response, particularly during exertion. 
Therefore, heart transplant recipients frequently develop chronotropic incompe-
tence and diminished exercise capacity. Due to this denervation, the ability to sense 
angina is lost, and patients may develop obstructive cardiac allograft vasculopathy 
without appreciable clinical symptoms after transplantation. Another impact of 
denervation is the loss of nocturnal decreases in blood pressure [20]. Interestingly, 
some recipients may reinnervate the donor heart, but this response is variable and 
unpredictable [21, 22]. In studies where this controversial phenomenon is described, 
reinnervation is not seen until at least 18 months post- transplant and increases with 
time. In addition, cardiac reinnervation is more likely to occur in young recipients 
who have an uncomplicated implantation surgery and low frequency of rejec-
tion [12].

Pericardium:
During heart transplantation surgery, the pericardium is left open and not typically 
reanastomosed. However, pericardial effusions are not uncommon post- transplant, 
especially during the acute post-operative period and as a result of early endomyo-
cardial biopsies [23]. Chronic pericardial complications are uncommon, but there 
have been rare reports of constrictive pericarditis causing heart failure symptoms in 
heart transplant recipients in the late post-transplant period. This diagnosis may be 
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confounded by chronic graft rejection and thus the optimal management of these 
patients is uncertain [24].

 Typical Anti-rejection Course

While anti-rejection medication therapy will typically be managed by the cardiolo-
gist or heart transplant specialist, it is important for primary care providers to under-
stand treatments that the heart transplant recipient will likely be receiving. This 
section focuses on standard induction regimens and maintenance immunosuppres-
sion, with alternative regimens for special circumstances. Medications are discussed 
in Chap. 3. Almost all the medications used in heart transplantation are common to 
other solid organ transplants, with particular overlap with renal transplantation, with 
which many regimens are shared.

 Induction

The purpose of induction for heart transplantation is to provide intense immunosup-
pression early after transplant, when the risk for rejection is the highest. The routine 
use of induction therapy with T-cell-depleting agents remains controversial among 
heart transplantation programs. Based on the International Society for Heart and 
Lung Transplantation (ISHLT) transplant registry data from 2018, approximately 
50% of heart transplant recipients receive induction, with no difference in survival 
for induction compared to no induction [17]. Induction is associated with lower rates 
of acute rejection and thereby decreased risk of long-term cardiac allograft vascu-
lopathy. Induction may also allow for a delay in loading with calcineurin inhibitors 
in patients with renal dysfunction. However, studies have suggested higher rates of 
infection and long-term malignancy after induction therapy due to this early deple-
tion of T-cells and associated augmented immunosuppression [25–28].

The ISHLT guidelines suggest that induction can be useful for patients who are 
at (a) increased risk for rejection or (b) high risk for renal dysfunction in order to 
delay introduction of calcineurin inhibitors. However, the routine use of induction 
in all patients has not been shown to be superior to no induction, and no randomized 
trial has been completed at this time [29]. Overall, the use of induction immunosup-
pression varies by transplant center and may take into account individualized patient 
risk factors such as younger age, race, history of HLA mismatch, and history of 
long-term support on LVAD. Hence, a selective approach may yield the best risk/
benefit ratio [30].

One common induction regimen is to routinely administer rabbit anti-thymocyte 
globulin (rATG) immediately after heart transplantation in uncomplicated cases. 
Rabbit ATG may be avoided in patients who have significant bleeding or an open 
chest due to concerns for potentially worsening instability or infection. In such 
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cases, basiliximab, an IL-2 antagonist, may be used for induction. Epstein-Barr 
virus (EBV) mismatched patients (Donor+/Recipient−) will typically not receive 
induction due to increased risk for long-term post-transplant lymphoproliferative 
disorder (PTLD). Other protocols exist for induction that utilize rituximab or alem-
tuzumab but are less commonly used and are beyond the scope of this chapter.

 Maintenance

The calcineurin inhibitors (CNIs), tacrolimus and cyclosporine, remain the corner-
stone of maintenance immunosuppression in heart transplant recipients. Tacrolimus 
is associated with increased risk of diabetes mellitus, but less hypertension and 
dyslipidemia relative to cyclosporine (Table 6.2). Calcineurin inhibitors can result 
in long-term renal dysfunction. In the current era, tacrolimus is preferred over 
cyclosporine in heart transplant recipients due to lower rates of rejection [31, 32].

Antimetabolite agents are frequently utilized in combination with calcineurin 
inhibitors. These medications include azathioprine, mycophenolate mofetil (MMF) 
or mycophenolic acid (MPA). All antimetabolite agents can lead to significant 
myelosuppression and leukopenia. Mycophenolate formulations are preferred over 

Table 6.2 Common side effects of immunosuppression

Drug Side effects Monitoring

Calcineurin inhibitors

Tacrolimus (FK-506) Nephrotoxicity, neurotoxicity, hyperkalemia, 
hypomagnesemia, hypertension, 
hyperglycemia, anorexia, alopecia, hemolytic 
uremic syndrome, hyperlipidemia

Basic metabolic panel, 
lipid panel, liver function 
tests, blood glucose, 
12-hour trough FK levels

Cyclosporine (CSA) Nephrotoxicity, neurotoxicity, hyperkalemia, 
hypomagnesemia, hypertension, 
hyperglycemia, hirsutism, hemolytic uremic 
syndrome, gum hyperplasia, hyperlipidemia

Basic metabolic panel, 
lipid panel, liver function 
tests, blood glucose, 
12-hour trough CSA 
levels

Alkylating agents

Cyclophosphamide Leukopenia, anemia, thrombocytopenia, 
alopecia, hemorrhagic cystitis

Complete blood count

DNA synthesis blockade/anti-metabolites

Azathioprine (AZA) Leukopenia, anemia, thrombocytopenia, 
alopecia, nausea/vomiting, pancreatitis, 
hepatotoxicity

Baseline TPMT activity, 
complete blood count

Mycophenolate 
mofetil (MMF)

Leukopenia, anemia, thrombocytopenia, 
nausea/vomiting, diarrhea

Complete blood count, 
MPA levels

Mycophenolate 
sodium (MPA)

Leukopenia, anemia, thrombocytopenia.
Lesser degree of nausea/vomiting and 
diarrhea compared to MMF

Complete blood count, 
MPA levels

(continued)
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azathioprine as they are associated with better survival and lower rates of rejection 
[33]. Mycophenolate mofetil commonly causes nausea and/or diarrhea, and when 
patients cannot tolerate these gastrointestinal side effects, the MMF dose may be 
divided (e.g., changing from twice daily to a lower dose administered four times 
daily) or patients can be switched to MPA, an enteric-coated formulation that may 
be better tolerated. MMF is typically the initial form of mycophenolate chosen due 
to lower cost and greater availability. Although both mycophenolate and azathio-
prine can increase the risk for post-transplant malignancy, antimetabolite agents 
have remained one of the mainstay drugs in heart transplantation [34].

A standard maintenance immunosuppression regimen at time of discharge after heart 
transplantation commonly consists of tacrolimus, MMF, and prednisone. During the first 
year, patients are routinely tapered off prednisone starting at 1 month after heart trans-
plantation with dose reductions after each endomyocardial biopsy (EMB). The majority 
of patients are able to discontinue corticosteroids after 6–12 months post-transplant. In 

Table 6.2 (continued)

Drug Side effects Monitoring

Non-specific inhibitor of immune function

Corticosteroids Mood disturbance, hypertension, 
hyperglycemia, hallucinations, decreased 
wound healing, edema, moon facies, acne, 
increased appetite, weight gain, osteoporosis, 
cataracts

Lipid panel, blood 
glucose

mTOR inhibitors

Sirolimus Peripheral edema, hyperlipidemia, 
leukopenia, anemia, thrombocytopenia, 
mouth ulcers, decreased wound healing, 
dermatitis, joint pain, pleural effusions, 
proteinuria

Complete blood count, 
lipid panel, liver function 
test

Everolimus Peripheral edema, hyperlipidemia, 
leukopenia, anemia, thrombocytopenia, 
mouth ulcers, decreased wound healing, 
dermatitis, joint pain, pleural effusions, 
proteinuria
Black box warning: increased risk of 
mortality if used as de novo 
immunosuppression within the first 3 months 
of heart transplantation

Complete blood count, 
lipid panel, liver function 
test

Anti-lymphocyte polyclonal antibody

Anti-thymocyte 
globulin (ATG)

Leukopenia, anemia, thrombocytopenia, 
infusion associated reactions—headache, 
fevers, chills, blood pressure changes, 
shortness of breath, rarely cytokine release 
syndrome

Complete blood count, 
CD3 count

Anti-HLA antibody modulator

Immunoglobulin 
(IVIG)

Hypotension, shortness of breath, acute renal 
failure, possible anaphylaxis, chest tightness, 
tachycardia, headache, nausea, fever, chills, 
back pain

Administer in a 
monitored setting, 
epinephrine should be 
available
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patients with prior episodes of graft rejection or who develop antibodies against the 
donor graft, lifelong maintenance prednisone therapy should be considered.

A common long-term maintenance regimen consists of two complementary 
immunosuppression agents, typically tacrolimus and MMF. There are specific cir-
cumstances when alternative regimens besides the combination of tacrolimus and 
mycophenolate are utilized. Patients with renal dysfunction are sometimes switched 
to a calcineurin inhibitor-sparing regimen using either sirolimus or everolimus, anti- 
proliferative agents in the mammalian target of rapamycin (mTOR) inhibitor class. 
Because sirolimus can potentiate the nephrotoxic effects of calcineurin inhibitors, a 
common regimen pairs sirolimus with MMF.  Sirolimus can be associated with 
lower extremity edema, myelosuppression, dyslipidemia, oral ulcerations, and 
impaired wound healing [35]. Everolimus is less commonly used in the heart trans-
plant population, partly because of a United States Food and Drug Administration 
(FDA) black box warning of increased mortality for patients started on high-dose 
everolimus as de novo immunosuppression within the first 3 months of heart trans-
plantation. However, it appears to be safe in the longer-term setting [36]. Everolimus 
has a similar side effect profile to sirolimus, but they have not been directly com-
pared in head to head trials. Since mTOR inhibitors can worsen proteinuria, both are 
contraindicated in the presence of significant baseline proteinuria.

For heart transplant recipients with cardiac allograft vasculopathy, transitioning 
to mTOR inhibitors can slow disease progression and decrease acute coronary 
events [35, 37, 38]. A nonrandomized, retrospective study demonstrated that con-
version of CNI to sirolimus prior to 2 years after transplant was associated with 
attenuated CAV progression and improved survival compared to conversion after 
2 years. However, the impact on pre-existing CAV disease remains unclear [39, 40]. 
Hence, the heart transplant specialist may transition patients who demonstrate evi-
dence of early CAV on angiography to either a sirolimus/MMF regimen, with the 
additional benefit of protecting renal function, or a tacrolimus/sirolimus regimen for 
those at high risk for rejection. In addition to the benefits of preserving renal func-
tion and decreasing the risk of CAV, switching to mTOR inhibitors may decrease 
the risk for post-transplant de novo malignancy [41–43].

There is some evidence that select patients may be able to receive tacrolimus 
monotherapy [44]. Additional studies are needed to further assess the safety and 
potential candidates for tacrolimus monotherapy. Tacrolimus monotherapy can be 
considered in carefully selected patients at low risk for rejection after 1 year post- 
heart transplant who do not tolerate a second immunosuppressive agent.

 Long-Term Dose Adjustments

Tacrolimus is dosed based on time since heart transplantation and routine monitor-
ing consists of checking serum trough levels. Higher therapeutic targets are used 
early after transplantation and decreased over the first year to a long-term mainte-
nance level. In patients with clinical rejection, relatively higher target levels are 
maintained compared to standard protocol. Conversely, the use of mycophenolic 
acid levels for dosing MMF or MPA remains controversial, and most centers do not 
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adjust dosing of MMF or MPA based on serum levels although a high trough can 
indicate toxicity. Dose reductions are considered in patients who experience signifi-
cant myelosuppression (see Chap. 3).

The Cylex Immuknow™ assay is a T-cell functional assay that is a marker of 
T-cell activation by measuring ATP release from activated CD4+ T-lymphocytes 
[45]. Limited data suggest that this assay may predict infectious risk in heart trans-
plant recipients, although its association with rejection risk is inconclusive [46]. 
The Cylex™ assay can provide a target immunological response zone for minimiz-
ing infectious risk due to over-suppression of T-cells in heart transplant recipients, 
and some transplant centers titrate the MMF dose based on the Cylex™ assay [47]. 
For example, older patients who have a degree of immune senescence typically 
have low Cylex™ values and may require dose reduction of their 
immunosuppression.

 Rejection

 Pathophysiology

There are two classes of rejection in cardiac transplantation: acute cellular rejection 
(ACR) and antibody-mediated rejection (AMR) (Table 6.3). ACR is the more com-
mon form of rejection and is defined as a T-cell mediated immune response to donor 
cardiomyocytes with lymphocyte and macrophage infiltration leading to myocardial 
injury and eventual necrosis. AMR is a more obscure and indolent form of rejection 
as defined by graft dysfunction due to capillary injury related to antibody binding and 
complement activation [48]. The identification of AMR is transplant 

Table 6.3 Summary of acute cellular rejection vs. antibody-mediated rejection

Acute cellular rejection Antibody-mediated rejection

Mechanism T-cell-mediated reaction against 
donor cardiomyocytes
Monocytes > PMNs

Antibody binding of donor HLA, leading to 
complement activation and endothelial 
injury
PMNs > monocytes

Histology Interstitial infiltration Capillary inflammation, C4d positive 
staining

Time course Acute Indolent
Presentation Graft dysfunction, heart failure and 

arrhythmias
Graft dysfunction, heart failure and 
arrhythmias

Monitoring Endomyocardial biopsy, gene 
expression profiling

Donor-specific antibody (anti-HLA 
antibody) levels

Treatment High dose corticosteroids, 
T-cell-depleting therapy (such as 
ATG)

IVIG, plasmapheresis, rituximab, 
bortezomib, steroids, ATG can be 
considered
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center-dependent due to variations in histopathologic staining and laboratory diagno-
sis protocols. As a result, less is known regarding the true etiology and effective treat-
ment for AMR.

 Clinical Presentation

Although ACR and AMR differ at a histopathologic level, clinically they may be 
indiscernible except that ACR tends to be more acute in nature, whereas AMR is a 
more indolent process. Rejection typically occurs between 6 months and 1 year fol-
lowing heart transplantation and may largely be subclinical. Possible presenting 
symptoms include atrial or ventricular tachyarrhythmias and heart failure symptoms 
such as elevated jugular venous pressure, peripheral fluid retention, hypotension, 
peripheral hypoperfusion, orthopnea, paroxysmal nocturnal dyspnea, and presyn-
cope or syncope. It is important to emphasize that angina is rare in this cohort of 
patients due to the lack of cardiac innervation, and rejection may in fact be clini-
cally silent.

 Evaluation

When there is clinical concern for allograft rejection, the patient should be urgently 
referred to their transplant center, and diagnostic testing should be performed imme-
diately. The workup should include transthoracic echocardiography, electrocardio-
gram (ECG), cardiac enzyme testing, donor-specific antibody testing, and right 
heart catheterization with endomyocardial biopsy. There are newer strategies to the 
diagnosis of rejection which are in development, such as cell-free DNA (discussed 
in sect. Rejection Surveillance) and cardiac magnetic resonance imaging [49].

 Rejection Surveillance

 Cellular Rejection

Similar to induction use, a large degree of center-by-center variation exists in sur-
veillance of allograft rejection. Surveillance methods include endomyocardial 
biopsy (EMB), as well as growing interest in the use of noninvasive methods to 
minimize risk and exposure associated with EMB.

• Endomyocardial biopsy: EMB remains the gold standard for rejection monitor-
ing early after heart transplantation. The ISHLT guidelines for cellular rejection 
surveillance and an example protocol are shown in Table 6.4 [29].
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• Gene expression profiling (GEP): Gene expression profiling can be considered as 
an alternative to EMB to monitor for ACR in appropriate low-risk patients at 
2 months to 5 years post HTx. GEP (commercially available as Allomap®) is an 
FDA-approved, noninvasive alternative to EMB for monitoring for ACR in heart 
transplant recipients. The Allomap® test assesses gene expression by measuring 
RNA from peripheral blood mononuclear cells, with possible scores ranging 
from 0 to 40. Higher scores are correlated with histologic rejection. An Allomap® 
score below 30 has a negative predictive value of 99.6% for significant histologic 
rejection. Identification of genes that correlate with rejection was developed in 
the CARGO study (Cardiac Allograft Rejection Gene Expression Observation) 
which showed that such gene expression techniques could discriminate between 
no rejection versus moderate-to-severe rejection [50]. Trials of heart transplant 
recipients who are at low risk of rejection have shown that the use of GEP moni-
toring was noninferior to EMB for the development of rejection with hemody-
namic compromise, graft dysfunction, death, or retransplantation [51]. Thus, 
GEP may be an option for noninvasive monitoring for cellular rejection that is 
non-inferior to EMB and, based on the trials’ inclusion criteria, may be useful as 
soon as approximately 2  months after heart transplantation. Subsequent trials 
have sought to clarify whether the thresholds should change based on time inter-
val post- transplant [52] or patient risk factors [53]. Additionally, GEP score-to-
score variability is associated with future events of allograft dysfunction or 
death, and this risk is independent of the probability of rejection at the time of 
testing [54]. Since the Allomap® platform is based on GEP of leukocytes, other 
clinical events that impact the immune system can alter the score such as an 
acute infection. Hence, the assay is best used at steady-state on an outpa-
tient basis.

• Cell-free DNA (cfDNA): There is growing interest in using cell-free DNA as a 
noninvasive test for monitoring for rejection. cfDNA is released from tissues in 
the presence of cell turnover or pathological cell death, which can result from 
myocardial injury in the case of heart transplant, ischemia, infarction, or any 
rejection. cfDNA testing can be used to detect donor-specific signatures by a 
novel method of comparing DNA variability, and in addition, cfDNA levels will 
increase in the setting of acute rejection [55, 56]. cfDNA levels have been found 

Table 6.4 Endomyocardial biopsy guidelines for routine rejection surveillance

ISHLT guidelines Example EMB protocol (varies by center)

0–12 months Periodic EMB First month: 1 week, 2 weeks, 4 weeks
Month 2–5: Monthly until 6 months
Month 6–12: Every 2 months

1–5 years Every 4–6 months in patients 
with risk factors for late 
rejection

Year 2: Every 3 months
Year 3–5: Every 6 months

>5 years Not well defined No routine surveillance unless high risk with a 
recent history of rejection, in which case the 
schedule is individualized based on risk
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to correlate to events of biopsy-based diagnosis of acute cellular rejection, and in 
a subset of patients, cfDNA was also increased in the setting of antibody- 
mediated rejection [57]. Although approved for use in renal transplantation, the 
use of cfDNA for monitoring in heart transplant recipients is not yet FDA- 
approved and is an area of active research [5].

• Cardiac imaging: The use of cardiac imaging to monitor for rejection is dis-
cussed later in this chapter and often viewed as a complementary modality, but 
does not replace EMB or GEP.

 Antibody-Mediated Rejection

In the contemporary era, antibody-mediated rejection is increasingly recognized as 
an important contributor to adverse outcomes after heart transplantation. Antibody- 
mediated rejection develops when recipient antibodies are directed against donor 
HLA antigens on the endothelium, resulting in complement activation, an inflam-
matory response, and tissue injury. Antibody-mediated rejection is confirmed patho-
logically by intravascular macrophages and positive staining for C4d/C3d, which 
indicates complement activation [58].

Donor-specific antibodies (DSAs): Independent from a pathologic diagnosis of 
antibody-mediated rejection, the presence of circulating donor-specific antibodies is 
associated with allograft injury, antibody-mediated rejection, cardiac allograft vas-
culopathy, and decreased survival [58, 59]. Testing for donor-specific antibodies is 
performed by checking the recipient’s blood for antibodies against HLA antigens 
that are known to be part of the donor’s HLA profile. Despite consensus on the 
importance of monitoring these anti-HLA antibodies, additional work is necessary 
to determine the optimal monitoring schedule and to clarify indications to treat if 
donor-specific antibodies are found. A consensus conference from ISHLT recom-
mended that donor-specific antibodies should be routinely tested at 2 weeks, then 1, 
3, 6, and 12 months post-transplant, annually and when antibody-mediated rejection 
is suspected [48]. An American Heart Association consensus statement recom-
mends checking for donor-specific antibodies at 3, 6, and 12 months and annually 
or in accordance with the transplant center’s surveillance protocol. This statement 
also recommends staining for C4d and C3d on the EMB sample during the first 
90 days after heart transplantation or when AMR is suspected, and it is reasonable 
to perform immunopathologic assessment for AMR at months 3, 6, and 12 [58]. 
Additionally, it is reasonable to not only screen for DSAs as part of routine post 
heart transplant follow-up at time intervals based on the ISHLT and AHA recom-
mendations, but also to consider screening more frequently for patients that are at 
increased risk for AMR (history of allosensitization, multiparity, multiple blood 
transfusions, history of LVAD).
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 Overall Rejection Surveillance Strategies

The overall surveillance methods will vary by transplant center and individual 
patient factors. As described above, the transplant center will monitor for both acute 
cellular rejection as well as antibody-mediated rejection. In some cases, patients 
may be able to transition to noninvasive testing alone; for example, a patient whose 
Allomap® scores are stable and correlate well with endomyocardial biopsy results, 
and who have higher risk of complications from biopsies may be able to be moni-
tored with noninvasive surveillance alone. However, patients with variable Allomap® 
scores and positive donor-specific antibodies will likely need to continue routine 
endomyocardial biopsies. Additionally, Allomap® is used as a screening tool and is 
not confirmatory for acute cellular rejection; for patients with a change in their 
Allomap® score from baseline, they still require further evaluation with a biopsy for 
confirmation. Allomap® only screens for cellular rejection and does not detect 
antibody- mediated rejection. For the primary care provider, reviewing the trans-
plant team’s documentation is useful to make sure that the patient is following the 
recommended surveillance protocol.

 Graft Function Surveillance

In addition to evaluating the heart transplant recipient for rejection, the transplant 
team routinely monitors for overall donor allograft function by echocardiography 
and right heart catheterization. The surveillance frequency is protocolized accord-
ing to time lapsed following transplantation. As such, the intervals of surveillance 
may differ depending on whether complications arose at different time periods.

 Impact of Timing

The interval of time between heart transplantation and onset of graft dysfunction 
may make a particular diagnosis more likely (Fig. 6.2). For example, because the 
first year following heart transplantation is the highest risk period for rejection, right 
heart catheterization is frequently performed in conjunction with EMB to assess 
graft hemodynamics to guide dose reductions in immunosuppression. Imaging 
assessment of graft function does not replace invasive surveillance for rejection 
given the lack of strong correlation between echocardiographic data and evidence of 
rejection on EMB [60]. However, any graft dysfunction as defined by ventricular 
dysfunction or abnormal hemodynamics may suggest pathology including rejec-
tion. Likewise, an ECG is useful to detect arrhythmias such as atrial fibrillation, 
atrial flutter, or premature atrial contractions, which may reflect graft dysfunction 
and/or possible rejection as well [61]. However, a screening ECG is not sensitive for 
graft dysfunction or rejection.
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Echocardiograms and coronary angiograms are routinely performed to ensure 
stable graft function. In particular, CAV is an independent etiology of graft dysfunc-
tion [62]. Both noninvasive and invasive methods are vital for the detection of CAV 
and carry treatment implications that will be discussed later. Most donor organs are 
from healthy donors free of major comorbidities. However, with the continued 
expansion of the donor population, more grafts may be from older donors with 
comorbidities. More donor hearts may therefore be predisposed to graft dysfunction 
or CAV and monitoring may need to be intensified for the recipient.

 Cardiac Imaging and Biomarkers

Echocardiography has been the primary noninvasive imaging modality for cardi-
ologists in the last several decades and its utility applies to heart transplant recipi-
ents as well. Advanced techniques within echocardiography, including stress 
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echocardiography, diastolic function measurements, and myocardial strain, adds 
further value in the assessment of graft function, and abnormal results may 
increase suspicion for acute allograft rejection [63–65]. Some centers will per-
form a limited echocardiogram with every EMB for graft surveillance. At the 
authors’ transplant center, echocardiograms are obtained 1 week after transplant, 
repeated prior to discharge, then at 1 year and yearly thereafter, and additionally 
as needed if there are clinical changes or concern for rejection or graft dysfunc-
tion. An echocardiogram can be a useful adjunct test in cases suspicious for rejec-
tion, but does not replace endomyocardial biopsy, which allows for pathological 
assessment.

Although data suggest that cardiac magnetic resonance imaging (CMR) is a use-
ful tool for cases of rejection, not many programs have utilized CMR. Currently, 
EMB remains the gold standard for suspected rejection [49]. Overall, guideline- 
driven protocols for graft function surveillance are lacking, and many centers rely 
on their noninvasive laboratory expertise to develop a protocol suitable for their 
needs. Per the ISHLT guidelines, the use of echocardiography or cardiac biomarkers 
(BNP, troponin-I) in place of performing endomyocardial biopsy for routine rejec-
tion monitoring is not recommended [29].

 Complications Specific to Heart Transplantation

 Cardiac Allograft Vasculopathy (CAV)

• Background: CAV is a complication unique to heart transplantation involving 
obstruction of the coronary arteries of the allograft. Although it may appear simi-
lar to coronary artery disease, its mechanistically different pathophysiology dic-
tates a unique diagnostic and treatment approach. With recent improvements in 
immunosuppression strategies and therapies to extend life after heart transplant, 
CAV is becoming increasingly recognized, with 46.8% of patients having CAV 
10  years after heart transplant, independently contributing to about 1–2% of 
deaths [66].

• Pathophysiology: CAV is a complex process that is driven in part by immuno-
logical factors. At the time of heart implantation, the donor heart sheds HLA 
antigens and heat shock proteins that lead to activation of T-cells within the 
recipient. Donor arrest, ischemic time, and reperfusion trigger an inflammatory 
process within the endothelial cell layers of the graft and ultimately lead to 
smooth muscle proliferation, lipid deposition, and thrombosis [67]. This process 
is indolent in nature, and in contrast to atherosclerotic coronary artery disease, 
CAV leads to diffuse narrowing of large epicardial coronary vessels and “prun-
ing” of the distal vessels and smaller coronary arteries. Histologically, CAV 
involves thickening of the intima whereas typical coronary atherosclerosis dis-
rupts the intima (Figs. 6.3 and 6.4).

V. P. Nguyen et al.



115

• Monitoring: Because of these histological differences, transplant centers may 
elect to monitor for CAV not only angiographically but also with intravascular 
ultrasound (IVUS). IVUS has the advantage of assessing both the luminal diam-
eter and cross-sectional area as well as the ability to perform virtual histology of 
the vessel including intimal and adventitial thickness and in certain circum-
stances differentiation between donor atherosclerosis and CAV.

• Prognostic significance: Depending on the findings at the time of coronary 
angiogram or IVUS, CAV may be graded for management implications and 
prognostic value [68, 69]. Increased vessel thickness and luminal narrowing is 
associated with higher risk of needing retransplantation and mortality. The typi-
cal time-course for CAV is variable but more common at later time periods after 
transplantation, while earlier onset CAV carries a worse prognosis [70].

Epicardial CAV in the left circumflex artery

a b

Fig. 6.3 (a) Coronary angiogram in the right anterior oblique (RAO) caudal view demonstrates 
epicardial CAV involving the left circumflex artery. (b) An RAO cranial view of the same patient, 
which shows the left anterior descending artery free of obstructive disease. These angiographic 
findings are from a heart transplant recipient who presented with dyspnea on exertion and fatigue. 
His echocardiogram showed hypokinesis of the lateral wall

Fig. 6.4 Intravascular 
ultrasound of the same 
patient’s left anterior 
descending artery 
(LAD), showing 3 mm 
of CAV at the level of 
the LAD just distal to 
the take-off of the 
diagonal branch
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• Risk factors: Risk factors associated with CAV include older age, CMV mis-
match, diabetes, hypertension, dyslipidemia, and any prior episodes of rejection 
despite successful treatment. Thus, early prevention of any rejection episode is 
crucial and early intervention is indicated to prevent the longstanding effects on 
the allograft endothelium. Although some of these risk factors overlap with those 
related to coronary atherosclerosis, it is important to understand that CAV is an 
immunologically-mediated process possibly related to a mismatch of HLA sub-
types; moreover, donor-specific antibodies, when present, are often associated 
with CAV and carry a worse prognosis [71, 72]. Once CAV has developed, treat-
ment is often ineffective and thus, prevention is key.

• Non-invasive imaging: In addition to coronary angiography and IVUS, noninva-
sive methods such as stress echocardiography, CMR, and coronary computed 
tomography angiography (CCTA) have been shown to have utility. Preferences 
for specific choice of modality vary between transplant centers. Although nonin-
vasive stress testing is not considered the gold standard for the detection of CAV, 
their application in the monitoring of CAV progression is still beneficial as CAV 
may occur subclinically [68]. More recently, multi-detector gated CCTA allows 
for accurate imaging of the coronary macrovasculature and may be useful for the 
detection of CAV in appropriate patients [73]. However, more work is needed to 
refine the imaging resolution and to produce a uniform CAV diagnosis with this 
noninvasive method. Positron emission tomography (PET) based stress testing 
can provide incremental information by estimating coronary flow reserve of the 
vasculature, which can reflect not only macrovascular disease but microvascular 
disease.

• Guidelines: The ISHLT guidelines assign a class I recommendation to perform 
coronary angiography either annually or biannually for the first 3–5 years after 
heart transplantation. Non-invasive stress testing with imaging is an option in 
patients who are unable to tolerate invasive coronary angiography (Class IIa-B 
recommendation). As the utility of CCTA continues to improve, it may eventu-
ally become a reasonable option in patients who have normal heart rates, as 
tachycardia can distort CCTA acquisition (Class IIb-C recommendation). Certain 
centers may elect to perform initial coronary angiography at 4–6 weeks post- 
transplant with or without IVUS to evaluate for donor CAD (Class IIa-B 
recommendation).

• Prevention: The 2010 ISHLT guidelines recommend cardiovascular risk factor 
modification and statin therapy for the prevention of CAV.  Pravastatin is the 
 best- studied medication for post-transplant patients and is preferred in terms of 
safety and drug-drug interactions. There is limited data on high-intensity statin 
use in this cohort and thus should be considered on a case-by-case basis with the 
clinician and transplant pharmacist.

• Treatment: CAV is treated by modifying the anti-rejection regimen by replacing 
one of the immunosuppression medications with a proliferation signal inhibitor 
such as sirolimus or everolimus (Class IIa-B recommendation). With obstructive 
CAV, percutaneous coronary intervention (PCI) or coronary artery bypass graft-
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ing (CABG) may be performed as palliation, although the only definitive treat-
ment for severe CAV is retransplantation (Class IIa-C recommendation). PCI for 
CAV may be done with bare-metal or drug-eluting stents and typically requires a 
year of dual anti-platelet therapy. Repeat coronary angiography should be per-
formed 6 months after PCI to assess stent patency and exclude progression of 
disease [29]. Although evidence supports the use of statin drugs to prevent CAV, 
it is less certain whether intensifying statin therapy after CAV develops is effec-
tive. Once CAV develops, switching to mTOR inhibitors is considered to slow 
CAV progression, however these patients may still develop graft failure over time.

 De Novo Coronary Atherosclerosis

In addition to CAV, there is a possibility of developing new onset atherosclerotic 
coronary artery disease (CAD).

Pre-existing coronary artery disease in the donor is unlikely, as donor hearts with 
pre-existing CAD are typically not accepted for transplantation. However, with 
increasing efforts to expand the donor pool, the use of older donors will likely 
increase the prevalence of donor atherosclerosis. Potential heart donors with risk 
factors for CAD such as diabetes, hypertension, male gender, tobacco use, and adult 
age should ideally have a coronary angiogram to screen for CAD prior to accepting 
the organ. Transplant centers may elect to perform coronary angiography 4–6 weeks 
following heart transplantation to screen for donor coronary atherosclerosis if not 
performed prior to transplantation.

More commonly, de novo coronary atherosclerosis may occur similar to the 
general population. As discussed above, donor atherosclerosis may be distin-
guished from CAV by intravascular imaging techniques such as IVUS and optical 
coherence tomography (OCT). In general, statins, which have been shown to 
decrease progression of CAV, should also limit the progression of existing coro-
nary atherosclerosis. Pravastatin and rosuvastatin are preferred over other statins 
in heart transplant recipients due to a lower risk of interactions with other medica-
tions. Consistent with recommendations for the general population, lifestyle mod-
ification and tobacco cessation are of the utmost importance in limiting the 
progression of heart disease. Pharmacologic management of hyperlipidemia con-
sists of statin therapy as discussed in other areas of this chapter, and ezetimibe and 
PCSK-9 inhibitors have demonstrated safety in this population as well [74, 75].

 Arrhythmias

Monitoring the electrical activity of the donor graft is vital for detecting any poten-
tial pathology associated with graft function. Possible types of cardiac arrhythmias 
include atrial and ventricular arrhythmias.
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• Supraventricular tachycardias (SVTs) may include regular, narrow complex 
rhythms including atrial flutter, atrioventricular reentrant tachycardia (AVRT) or 
atrioventricular nodal reentrant tachycardia (AVNRT). These re-entrant rhythms 
are often related to myocardial scar near the suture-line as a result of cardiac 
surgery or native pathways within the donor graft. Electrophysiologists may 
manage persistent arrhythmias with either antiarrhythmic medical therapy or 
catheter ablation [76].

• The occurrence of atrial fibrillation following cardiac transplantation is less 
common than re-entrant rhythms since donors tend to be young without substan-
tial atrial fibrosis. When atrial fibrillation does occur, there is an association with 
allograft rejection—therefore, any new onset atrial fibrillation must prompt fur-
ther work up by the transplant cardiologist [61]. In the event that a non-heart 
transplant center is responsible for treating a heart transplant recipient for rapid 
ventricular rates in the acute setting, beta-blockers and nondihydropyridine cal-
cium channel blockers are permissible but must be used with caution. In particu-
lar, there is upregulation of beta-adrenergic receptors in the donor allograft due 
to chronic lack of innervation, which may predispose to particular sensitivity to 
beta-blockade. Depending on the temporality of the atrial arrhythmia, antiar-
rhythmic medications may be used for a limited duration. Digoxin and atropine 
are not effective given their chronotropic effects being mediated by the parasym-
pathetic nervous system in a denervated heart.

• Atrial bradyarrhythmias may be a cause for concern, as denervation of the heart 
normally leads to higher resting heart rates as discussed previously. For this reason, 
bradyarrhythmias require prompt cardiology consultation. In the acute post- heart 
transplant period, sinus node dysfunction such as sinus bradycardia, sinus arrhyth-
mia, or sino-atrial block may occur. Sinus node dysfunction is due to a combination 
of cardiac denervation, ischemia at the time of organ procurement, myocardial 
edema along the conduction system, and surgical technique (in particular with 
patients receiving a biatrial anastomosis) [77]. Most atrial bradyarrhythmias are 
self-resolving and are treated medically in the early post-heart transplant period 
with chronotropic agents such as isoproterenol, theophylline, or terbutaline. 
However, if atrial bradyarrhythmias persist without evidence of recovery, a perma-
nent pacemaker may be indicated for advanced conduction disease. Fortunately, 
permanent pacemaker implantation does not impact long-term outcomes [78]. As 
the bicaval anastomosis is increasingly favored over the biatrial anastomosis, the 
incidence of heart transplant recipients requiring a permanent pacemaker is low.

 Valvular Disease

Valvular heart disease is seldom seen in the heart transplant recipient due to careful 
donor selection in which donor hearts with significant valve dysfunction are not 
procured. The most common post-heart transplant valve dysfunction is tricuspid 
regurgitation, which is frequently iatrogenic as a complication from EMB or 
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damage during the time of surgery. New right-sided heart failure symptoms in a 
heart transplant recipient following routine EMB should prompt a referral for urgent 
echocardiogram and follow up with their heart transplant physician. Prior case stud-
ies suggest that tricuspid valve repair or replacement is feasible and may be benefi-
cial if severe tricuspid regurgitation occurs [79].

 Complications and Clinical Pearls

At outpatient primary care visits, primary care providers can assist with evaluation 
of the heart transplant recipient’s graft function, adherence to medications, and pre-
ventive health measures, in addition to managing comorbidities. At each outpatient 
visit, the following should be assessed (Table 6.5):

Table 6.5 Clinical pearls for the primary care provider—evaluation of the heart transplant 
recipient at outpatient clinic visits (see text for details; also see Chap. 2 for discussion of general 
history-taking)

Initial visit:

  Review pre-transplant and initial post-transplant course:
   Indication for transplant, type of induction immunosuppression
   Early complications (surgical complications, infection, rejection)
  Symptoms, exam, medications, laboratory studies, metabolic complications, and general 

preventive health similar to follow-up visits
Follow-up visits:

  Dyspnea, angina, edema, dizziness, palpitations, syncope; localizing symptoms of infection or 
fever

  Symptoms:
  Exam: Heart rate (may have high resting heart rate—determine the baseline), blood pressure, 

cardiovascular (higher than usual resting heart rate, or tachyarrhythmias should be evaluated 
further), lungs, abdomen, volume status

  Medications:
   Review immunosuppressive medication regimen, adherence, side effects, goal trough levels
   Review opportunistic infection prophylaxis, if prescribed
   Aspirin and statin unless contraindicated
   Endocarditis prophylaxis
  Laboratory and other studies:
   Adherence to surveillance schedule set forth by the transplant team; surveillance for 

rejection (endomyocardial biopsy, gene expression profiling (ACR), donor-specific antibodies 
(AMR))

   Surveillance for graft function
   Renal function, complete blood count (monitor for cytopenia)
  Metabolic complications:
   Assess and treat if present, including hypomagnesemia, gout, osteopenia or osteoporosis, 

diabetes, hypertension, chronic kidney disease
  General preventive health:

   Immunizations, skin exams, other routine screening
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• History: At the initial visit, the pre-transplant history and post-transplant course 
should be reviewed. Patients should be asked about cardiac and pulmonary 
symptoms, adherence to medications, and ensure that they understand the sur-
veillance schedule developed by their transplant cardiologist. Knowledge of 
common side effects of anti-rejection medications can assist in asking about 
adherence. Symptoms of infection or malignancy should be asked.

• Examination: As with all patients, vital signs and clinical stability should be 
assessed. As noted above, the denervated heart will have a higher than normal 
resting heart rate. Chest exam will show scars from the median sternotomy, 
smaller scars at the site of prior chest tubes or mediastinal drains. In most cases, 
cardiac implantable electronic devices (CIED) such as implantable pacemakers 
or cardioverter-defibrillators are removed at the time of surgery. However, in 
cases of significant device fibrosis, the leads may be left behind. For heart trans-
plant recipients who need an MRI, it is important to determine if they have any 
retained wires from prior CIED devices. New cardiac murmurs, signs of volume 
overload, or a new S3 gallop, should be evaluated expediently by the trans-
plant team.

• Medications: In addition to asking about adherence, the medication list should be 
reviewed for aspirin and statin therapy, both of which should be present unless 
there are contraindications or intolerances. Look for medications that may have 
been prescribed by other providers for potential drug-drug interactions with the 
anti- rejection medications. In most cases, heart transplant recipients should not 
take over-the-counter supplements unless approved by their transplant team.

• Laboratory and other studies: While the primary care provider will likely not be 
ordering the routine surveillance blood tests, echocardiograms, and biopsies, 
tests performed by the transplant team should be reviewed.

• Assess and treat metabolic complications: Diabetes, hypertension, chronic kid-
ney disease, osteopenia, and osteoporosis are common. For more details, see 
Chap. 11.

 Prevention and Treatment of Infections

In the early period after transplantation, common complications and morbidity are 
driven by graft dysfunction, rejection and infection. Long-term immunosuppression 
puts the recipient at a higher risk for infection [80], and the risk of death from infec-
tion is higher in older patients due to age-related senescence of the immune system 
[81, 82].

All age-appropriate vaccines are administered, including vaccines against pneu-
mococcal pneumonia, tetanus, hepatitis A and hepatitis B, although live vaccines 
are contraindicated and the recombinant herpes zoster vaccine is not recommended 
because of concern that its immune response may increase the risk of rejection. 
Heart transplant recipients should avoid exposure to known sick contacts (see 
Chaps. 8 and 12).
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Cardiovascular disease:

The underlying disease process and clinical course for CAV were described earlier 
in this chapter.

• HMG CoA reductase inhibitors (statins): Statins should be prescribed for all 
heart transplant recipients for primary prevention regardless of baseline lipid 
profile. Both pravastatin and simvastatin have been shown to decrease the risk of 
CAV if started soon after heart transplantation [83]. In addition, pravastatin has 
the additional benefit of inhibiting natural killer cells to reduce the inflammatory 
process [84]. Because of drug interactions with calcineurin inhibitors, simvas-
tatin is not recommended first-line, although patients who have been taking it 
along with their immunosuppressant medications without problem may continue 
it. Pravastatin and rosuvastatin (if a higher potency statin is indicated) are pre-
ferred statins in most solid organ transplant recipients because of a lower risk of 
drug-drug interactions.

• Aspirin: Aspirin is also prescribed for all heart transplant recipients.
• Symptoms of heart disease should be assessed at each visit.

 – CAV may present with very vague or atypical symptoms. Therefore, it is 
essential to have a high level of suspicion for CAV in heart transplant recipi-
ents who present with new-onset shortness of breath, angina, or malaise.

 – Heart failure symptoms or signs should be discussed urgently with the trans-
plant team, as the patient may be having graft dysfunction.

 – As noted above, the resting heart rate may be elevated due to lack of vagus 
stimulation. If the heart rate is elevated over baseline, however, an ECG 
should be obtained to look for both worsening sinus tachycardia as well as 
other arrhythmias, both of which can be associated with rejection

• As discussed previously, CAV and rejection may be asymptomatic, resulting in 
the need for surveillance even without symptoms.

 Chronic Kidney Disease

Due to CNI-associated nephrotoxicity and pre-transplant cardiorenal syndrome in 
many cases, CKD is common in patients after heart transplantation and is seen in 
two thirds of patients 10 years after transplantation. After a decade, 10% of patients 
will either require dialysis or consideration for renal transplantation [85]. The devel-
opment of CKD is associated with non-modifiable risk factors, such as age, gender, 
and time since transplant as well as modifiable risk factors, including diabetes and 
hypertension [86, 87]. While the transplant cardiologist will tailor the immunosup-
pression regimen if needed because of the onset or worsening of CKD, the primary 
care provider can collaborate in the management of hypertension, diabetes, and 
other comorbidities that affect renal function. All heart transplant recipients should 
avoid any use of non-steroidal anti-inflammatory medications.
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 Cancer

Malignancy is the fourth most common cause of death after transplantation and 
occurs in the setting of chronic immunosuppression [13]. Skin malignancies are the 
most common cancer followed by lymphoma, and any history of pre-transplant 
malignancy increases the risk of malignancy after transplant [88]. Male gender and 
recipient age > 50 years may also be associated with an increased risk of cancer 
[89]. Heart transplant recipients should receive an annual dermatology examination. 
The risk of malignancy may potentially be mitigated by varying the immunosup-
pression regimen. Emerging data show that conversion to sirolimus is associated 
with decreased risk for de novo malignancies and post-transplant lymphoprolifera-
tive disorders, with improved long-term survival; however, routine use is limited by 
medication intolerance due to side effects. Sirolimus is not used as first-line therapy 
as it impairs wound healing immediately post-transplant, and there has been mixed 
data suggesting a possible increased risk for rejection compared to CNI’s [43] (see 
Chap. 10).

 Hypertension

Due to abnormal cardiorenal neuroendocrine reflexes, heart transplant recipients 
have a decreased natriuretic and diuretic response and therefore have particularly 
salt-sensitive hypertension [90]. In addition, blood pressure is often elevated due to 
the impact of calcineurin inhibitors and glucocorticoids. Cyclosporine and tacroli-
mus are associated with an especially high incidence of hypertension after trans-
plantation [91]. Although glucocorticoids are weaned over time, long-term 
calcineurin inhibitor therapy is expected. Treatment of hypertension is especially 
important because both calcineurin inhibitors and systemic hypertension can con-
tribute to the development of chronic kidney disease [92]. The author group typi-
cally favors treating hypertension with respect to comorbidities: i.e., ACE-inhibitor 
(ACEi) or ARB in patients with diabetes or CKD, thiazide diuretics for patients with 
a tendency to retain volume. Amlodipine or hydralazine is considered for patients 
who are intolerant or do not benefit from those therapies. There are data suggesting 
that ACEi/ARB or dihydropyridine calcium channel blockers may protect against 
CNI-induced vasoconstriction, so these medications may be considered preferen-
tially. Beta blockers are uncommonly used after heart transplantation, but when 
used for hypertension, a nonselective agent such as carvedilol is preferred. Caution 
must be exercised with patients early-post heart transplant with beta-blockers as 
many patients are dependent on their higher heart rate and can be very sensitive to 
beta-blockers from upregulation of their beta-receptors due to relying on circulating 
catecholamines driven by donor heart denervation. It is important to avoid agents 
that may be implicated in drug-drug interactions such as diltiazem which is a 
CYP3A4 inhibitor (see Chap. 11).
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 Diabetes

Due to glucocorticoid therapy, heart transplant recipients are at risk for hyperglyce-
mia and diabetes. Although diabetes may resolve over time as patients are weaned 
off their steroids, calcineurin inhibitors may cause ongoing post- transplant diabetes 
(PTDM). The risk of developing PTDM parallels the degree of pre-transplant glu-
cose intolerance and confers an increased long-term mortality risk in heart trans-
plant recipients [93, 94]. However, with improved PTDM management, this 
mortality risk can be mitigated [95]. For primary care providers, strict glucose con-
trol should be considered, even if insulin therapy is required. Treatment of PTDM 
mirrors that of non-transplant cardiac patients and includes insulin, glipizide, 
glinides, thiazolidinediones if graft function is normal, and metformin if tolerated 
by the renal function. (See Chap. 11).

 Infectious Endocarditis Prophylaxis

Compared to the general population, heart transplant recipients have a higher inci-
dence of infective endocarditis (IE) [96]. Although the risk of dental procedures is 
not well known, infective endocarditis in the transplanted heart can have devastating 
effects and is associated with increased mortality. Based on the 2007 AHA guide-
lines, heart transplant recipients should receive infective endocarditis prophylaxis 
for all dental procedures that involve manipulation of dental tissues [97]. A sug-
gested regimen is amoxicillin 2000 mg given orally 1 hour prior to dental procedures.

 Pregnancy

Pregnancy is generally not encouraged in women of child-bearing age after heart 
transplantation. Nevertheless, if a patient desires pregnancy, she should discuss with 
her heart transplant specialist about her individualized risks, and in most cases, 
perinatal care should be coordinated by a multidisciplinary team of providers, 
including a transplant cardiologist, maternal fetal medicine specialist, neonatolo-
gist, psychologist, and social worker [98]. Throughout pregnancy and in the imme-
diate post-partum period, the patient should be closely monitored for graft 
dysfunction and rejection. We recommend close monitoring of the left ventricular 
function. As most immunosuppressive therapy regimens have some degree of tera-
togenic potential, certain changes can be made to increase the chance of successful 
pregnancy [99]. Given the rare occurrence of pregnancy in this population, no offi-
cial guidelines exist on this topic. Mycophenolate should be stopped and the patient 
can often be maintained on tacrolimus monotherapy.
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 Activity and Exercise

As with other patients who undergo open-heart surgery, there are strict sternotomy 
precautions following discharge from the hospital. During this early recovery 
period, patients are most likely primarily cared for by the transplant team. Following 
heart transplantation, patients are referred to cardiac rehabilitation on discharge. 
Although rehabilitation has not been shown to improve quality of life at 1 year, 
exercise-based cardiac rehabilitation does improve exercise capacity in the recovery 
period [100]. Due to the issues of denervation and chronotropic incompetence, 
patients should warm up prior to physical activity to stimulate catecholamine circu-
lation and increase their heart rate. Abrupt transition from stop-to-start may not be 
well tolerated due to the lack of normal sympathetic innervation. When the heart 
transplant recipient returns to primary care, the primary care provider should review 
the transplant team’s recommendations for activity level for a given patient.

 Diet

Most end-stage heart disease patients experience cardiac cachexia prior to heart 
transplantation, and as patients recover from their surgery, this condition typically 
reverses with improved functional status [101]. Dedicated dietary counseling may 
improve metabolic derangements and should be considered [102]. For prevention of 
infection, heart transplant recipients should not consume raw meats or raw fish. Any 
meat from a deli should be microwaved prior to consumption. Early after transplant, 
patients must follow a carbohydrate-managed diet while they are on high-dose glu-
cocorticoids, and although the glucocorticoid dose is typically weaned over time, 
risk of diabetes persists and patients should still have a heart healthy diet without 
excessive carbohydrates. Many patients require additional dietary modifications if 
they develop chronic kidney disease. Salt should be avoided in the presence of fluid 
retention and hypertension.

 Case Studies

 1. A 40-year-old man underwent heart transplant 6 months ago and now presents to 
the primary care setting with diarrhea. He had end-stage heart failure due to 
familial cardiomyopathy, and was bridged with LVAD prior to transplantation. 
His initial course was complicated by early graft dysfunction, but this improved 
several days after surgery. He was discharged to home and has had regular fol-
low- up with the transplant team. His routine surveillance for rejection has been 
negative. He is CMV D+/R−. He now has frequent episodes of watery diarrhea, 
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up to eight episodes per day, without abdominal pain, melena, hematochezia, 
nausea, or emesis. His weight has been stable. He has no chest pain, dyspnea, or 
fever. On examination he is afebrile with a normal blood pressure and a heart rate 
of 90 which is baseline for him since transplantation. His cardiac, pulmonary, 
and abdominal exams are normal.

How should this patient be managed?
In a heart transplant recipient who presents with diarrhea, it is important to 

exclude infection. If the patient is stable, a serum cytomegalovirus (CMV) DNA 
quantification test should be sent, as well as a stool enteric pathogen panel. Stool 
pathogen panels vary by laboratory—for acute diarrhea, a standard bacterial 
panel should be tested; if recent antibiotics or hospitalization, then Clostridium 
difficile PCR should be tested. Testing for parasitic infections should strongly be 
considered for chronic diarrhea, especially in endemic regions or if there are any 
exposures to susceptible food or water sources. Diagnosis of CMV colitis is 
confirmed on pathology—therefore consultation with a gastroenterologist may 
be needed to perform a colonoscopy. The transplant team should be alerted to 
this workup, and if testing is negative, they may consider reassessing his medica-
tions, as mycophenolate mofetil and magnesium oxide are common causes of 
diarrhea in transplant recipients. Unstable patients should be transferred to an 
acute care setting such as the emergency department in case volume resuscita-
tion or a more rapid workup and treatment are needed.

In his case, the infectious studies are negative. He is switched from MMF to MPA 
and his magnesium supplementation is changed to a slow-release formulation. In 
addition, he is prescribed loperamide as needed and supplemental fiber. On a follow-
up phone call several days later, the patient notes his stools are much improved (see 
also Chap. 9).

 2. A 69-year-old man with history of ischemic cardiomyopathy undergoes heart 
transplantation. He received rATG induction and was started on a standard 
 regimen of tacrolimus, MMF, and prednisone. His initial course was notable for 
leukopenia thought to be secondary to the rATG induction. He required tempo-
rarily holding and then dose reduction of his mycophenolate mofetil; addition-
ally, valganciclovir was stopped, sulfamethoxazole/trimethoprim was switched 
to dapsone, and his counts recovered. Eight months later, he presents to primary 
care and asks to review his most recent labs. He had been seen in urgent care for 
a respiratory infection and had a CBC drawn. His respiratory symptoms have 
since resolved.

The primary care provider reviews his transplant course to date, notable for no 
rejection episodes and good graft function. His laboratory studies show a white 
blood cell count of 1300/μl and an absolute neutrophil count of 700/μl.

How should this patient be managed?
There are many potential causes of cytopenias in the heart transplant recipi-

ent. Leukopenias may be caused by several factors. rATG induction is a common 
cause of leukopenia in patients early post-HTx. The primary care provider is 
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likely not involved closely in care at that point in time, but if there are episodes 
of rejection requiring additional rATG, then PCPs should be aware that recurrent 
leukopenia can occur.

In addition, other routine post-transplant medications that can result in neu-
tropenia include MMF, prophylactic valganciclovir, and sulfamethoxazole/trim-
ethoprim. The medication list should be reviewed for the presence of any 
non-transplant medications that may cause cytopenias themselves or have drug 
interactions with the transplant medications. In a stable patient, the CBC should 
be repeated. If persistent or severe leukopenia is seen, then the PCP should dis-
cuss this urgently with the transplant team. The PCP should not adjust any trans-
plant medications without consultation.

In this case, the patient’s MMF was held, but he continued to have recurrent 
leukopenia when rechallenged. Based on the TICTAC study and his advanced age, 
his transplant team transitioned him to tacrolimus monotherapy, which in turn 
increases his baseline risk for rejection. He does well on monotherapy without any 
clinical rejection. If there were concern for rejection on monotherapy going for-
ward, an alternative regimen would be tacrolimus in combination with sirolimus 
with close monitoring of renal function, diabetes, and wound healing. Conversely, 
azathioprine would not be a good option as it is also myelosuppressive.

 Case #3

A 40-year-old woman with a history of non-ischemic cardiomyopathy underwent 
heart transplantation. Her post-transplant course was unremarkable.

One year later, she presents with progressive dyspnea on exertion and fatigue. 
She denies any lower extremity edema, abdominal bloating, palpitations, presyn-
cope or syncope. She has consistently taken all her anti-rejection medications. Her 
examination shows normal lung and heart exam, no peripheral edema, or elevated 
jugular venous pressure.

How should this patient be managed?
An ECG should be obtained in clinic. A routine chest X-ray and laboratory stud-

ies to look for anemia should be obtained. If the patient is unstable or develops 
progressive shortness of breath, then more urgent in evaluation in an emergency 
setting should be facilitated. This patient’s presentation is concerning for cardiac 
allograft vasculopathy given her symptoms without any signs of heart failure. As 
she is clinically stable, an expedited outpatient workup may be performed. The 
transplant cardiologist should be contacted.

In this case, an urgent echocardiogram is obtained and shows new hypokinesis of 
the lateral wall. She undergoes urgent cardiac catheterization and is found to have 
left circumflex disease consistent with CAV. Unfortunately, despite percutaneous 
coronary intervention, she develops progressive, diffuse coronary vasculopathy and 
ultimately undergoes retransplantation.
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 Conclusion

Survival following heart transplantation continues to improve over time [13]. The 
median survival is expected to be 15 years in the current era [103]. Following heart 
transplantation, most patients experience a significant improvement in their quality 
of life. However, close monitoring for complications and preventive healthcare 
remains essential to maintain this quality of life. Primary care providers can contrib-
ute greatly in the assessment and management of the health of heart transplant 
recipients as they partner with the transplant team.
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Chapter 7
Primary Care of the Adult Lung 
Transplant Recipient

Erika D. Lease

 Introduction

Lung transplantation has become an increasingly frequent treatment for patients 
with a variety of end-stage lung diseases. In 2016, there were over 4600 lung trans-
plants worldwide reported to the registry for the International Society for Heart and 
Lung Transplantation (ISHLT) with nearly 2600 of those performed in North 
America [1]. The registry data also shows that the face of the lung transplant recipi-
ent has been changing over time. In 1987 the median age of lung transplant recipi-
ents was 43 years and in 2017 this had risen to 59 years, with the largest increase in 
lung transplants performed proportionally occurring in patients older than 65 years. 
As of 2016, as reported to the ISHLT, idiopathic pulmonary fibrosis (IPF) is the 
most common indication for lung transplantation in ~30%, followed by chronic 
obstructive pulmonary disease (COPD) in ~25%, and cystic fibrosis (CF) in ~15%. 
This propensity for lung transplantation in patients with IPF is increased in the 
United States as reported to the Scientific Registry of Transplant Recipients (SRTR). 
Between July 1, 2018, and June 30, 2019, over half of patients undergoing lung 
transplantation in the United States had a diagnosis of IPF, approximately one- 
quarter with COPD, and 10% with CF. [2]

Survival after lung transplantation has improved but is still limited as compared 
to other solid organ transplant recipients. In the most recent era defined as 2009 to 
June 2016, the median life expectancy for a lung transplant recipient is 6.5 years [1]. 
This survival is improved from a median of 4.3 years during the era of 1990–1998. 
For patients who survive the first year after a lung transplant, the median survival 
improves to 8.6 years in the most recent era for which data is available, 1999–2008. 
Survival following lung transplantation varies based on underlying lung disease, 
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ranging from an overall median survival of 5.2  years for patients with IPF to a 
median survival of 9.5 years for patients with CF. For patients who survive the first 
year after a lung transplant, the median survival ranges from 7.2 years for patients 
with IPF to 12.2 years for patients with CF. There are many longer living lung trans-
plant survivors, however. The longest living post-lung transplant and post-heart-
lung transplant survivors at the author’s center will be 27  years and 30  years 
post-transplant in early 2020 respectively.

Chronic lung allograft dysfunction (CLAD) is a significant contributor to mor-
bidity and mortality after lung transplantation, occurring in 40% of patients by 
5 years post-transplant [1]. It is the leading cause of death after the first year, being 
reported as the cause of death in approximately 25–30% of patients. CLAD is one 
of the primary reason lung transplant recipients require such intensive monitoring 
for the remainder of their life following lung transplantation.

With increased rates of transplantation and improving survival, it is increasingly 
likely that the primary care provider will assist in caring for recipients of a lung 
transplant.

 Lung Transplant Anatomy

Lung transplantation is performed in the orthotopic position. There are various sur-
gical techniques. The most common approach for a bilateral lung transplant is 
through bilateral anterior thoracotomies with transverse sternotomy (the “clam-
shell” incision in the front of the chest), or, if a unilateral transplant, a posterolateral 
thoracotomy incision. This chapter does not cover heart-lung transplantation or 
living-related lobar lung transplantation.

 Anastomoses (Fig. 7.1)

• Pulmonary artery: The donor pulmonary artery is anastomosed to the corre-
sponding recipient’s pulmonary artery.

• Pulmonary veins: There are different techniques to anastomose the pulmonary 
veins and may depend on the anatomic variant found during surgery. When two 
or more distinct pulmonary veins are present, one common method is to join the 
recipient’s pulmonary veins as a single insertion to the left atrium. This tech-
nique allows for a single anastomosis rather than joining each pulmonary vein 
individually.

• Bronchial arteries: The recipient bronchial arteries are ligated and generally not 
anastomosed.

• Airway: The donor and recipient bronchi are anastomosed at the level of the 
mainstem bronchi.
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• Pleura: During bilateral lung transplantation via the clamshell approach, there is 
disruption of the individual pleural spaces resulting in interpleural communica-
tion (i.e., connection between the right and left pleural spaces). This is pertinent 
in the case of post-transplant pleural complications such as pneumothorax or 
empyema in which there may be extension to the contralateral pleural space.

• Lymphatics: Normally, lymphatic vessels from the lungs drain into the thoracic 
duct. After lung transplantation there is no lymphatic vessel anastomosis and there-
fore disruption of normal lymphatic drainage. There is likely lymphangiogenesis to 
a certain extent with development of collateral lymphatic drainage within several 
weeks following the transplant surgery; however, this has not been fully elucidated.

 Immunosuppression in the Lung Transplant Recipient

Immunosuppression following lung transplantation can be divided into induction 
and maintenance immunosuppression.

 Induction

Induction immunosuppression is used in the immediate perioperative and postop-
erative periods. It is intended to deplete circulating T cells with the purpose of 
reducing acute cellular rejection (ACR) immediately following lung transplanta-
tion, particularly until maintenance immunosuppression has reached full effect.

The use of induction immunosuppression appears to be increasing with time 
with 76% of lung transplant recipients receiving induction immunosuppressive 

Bronchial anastomosis Pulmonary vein anastomosis (red)
completed; pulmonary artery (blue)

anastomosis being performed

Pulmonary artery anastomosis (blue)
being completed.

Fig. 7.1 Lung transplantation anatomy. (Note: Anastomoses for a single lung transplant are 
shown for educational purposes; techniques and anatomy may vary.) (Figure reprinted with per-
mission from Siguenza et al. [3]).
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agents in 2016. The most commonly used agent is an interleukin-2 receptor (IL-2R) 
antagonist such as basiliximab, reported to be used in ~65% of all lung transplant 
recipients [1]. Other induction immunosuppression regimens include polyclonal or 
monoclonal T-cell antibody treatments, such as anti-thymocyte globulin (ATG) or 
muromonab-CD3 (OKT3) [1].

 Maintenance

Maintenance immunosuppression is used for the remainder of the patient’s life after 
lung transplantation. Significant improvements in immunosuppressive agents have 
been made since the beginnings of solid organ transplantation; however, the optimal 
post-transplant maintenance immunosuppression regimen in lung transplant recipi-
ents remains unclear. In data reported from 2016, at 1 year post-lung transplant, the 
vast majority of lung transplant recipients received the calcineurin inhibitor tacroli-
mus (93%), mycophenolate mofetil or mycophenolic acid (83%), and prednisone 
[1]. In contrast, at 1  year post-transplant, only 5% of lung transplant recipients 
received the calcineurin inhibitor cyclosporine, 7% received a mammalian target of 
rapamycin (mTOR) inhibitor such as sirolimus or everolimus, and 9% received aza-
thioprine. In the 2018 ISHLT annual registry report, unadjusted data showed statis-
tically significant lower rates of ACR within the first year post-transplant in patients 
who receive maintenance immunosuppression therapy with tacrolimus plus myco-
phenolate mofetil or mycophenolic acid [1]. There was no difference found between 
tacrolimus plus azathioprine and cyclosporine plus mycophenolate mofetil or 
mycophenolic acid, but there was a statistically significantly increased risk for ACR 
in patients receiving cyclosporine plus azathioprine [1].

Regardless of the maintenance immunosuppression regimen used, optimization 
of the prescribed regimen should be assured by adherence, avoidance of interacting 
medications or foods, and close monitoring of drug trough levels when available. 
Medication nonadherence is a complicating factor in lung transplant recipients as 
with all patients. One single-center study found an average individual medication 
timing adherence (± 30 minutes from prescribed timing) of 98.1%, although the 
range was 31.2–100% [4]. Overall, medication adherence, defined as having an 
individual timing-adherence score of ≥80%, was seen in 92.3% of recipients. 
However, over 14% of patients missed one or more 24 hour period of medication, 
with over 40% in the non-adherent group (an individual timing-adherence score of 
≤80%) missing one or more 24 hour period of medication. Instruction and emphasis 
on the importance of taking immunosuppressant medication regularly and at the 
prescribed time are important factors to assure adequate immunosuppression levels. 
Primary care providers can assist by evaluating adherence at each outpatient visit.

In general, many lung transplant recipients will remain on at least a three-drug 
immunosuppression regimen for the remainder of their life post-transplant unless 
there are side effects or complications requiring a reduction in immunosuppression. 
In patients with CLAD, it is common to see patients prescribed four maintenance 
immunosuppressive agents.
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See Chap. 3 for more discussion of immunosuppressive medications and side 
effects.

 Post-Transplant Surveillance and Monitoring 
for Complications

Recipients of a lung transplant require intensive, life-long monitoring for the assess-
ment, evaluation, and management of both allograft and non- allograft transplant-
related complications. While every lung transplant center has an individualized 
follow-up plan/schedule, most centers request that patients undergo formal spirom-
etry at least several times a year and be seen by the lung transplant team at least 1–2 
times a year. In addition, lung transplant centers will require laboratory testing gen-
erally every 1–3 months to measure immunosuppressive drug levels and monitor for 
transplant-related complications such as chronic kidney disease (CKD), diabetes 
mellitus (DM), cytopenias, and other issues as needed. In addition, post-lung trans-
plant monitoring may include home spirometry measurements as well as periodic 
surveillance bronchoscopy as discussed below.

 Monitoring/Spirometry

As a decline in forced expiratory volume in 1 second (FEV1) is often the first sign of 
acute rejection and/or CLAD, close monitoring of spirometry is essential for early 
identification [5]. Lung transplant recipients are encouraged to utilize home spirome-
ters to monitor lung function parameters such as the FEV1 and the forced expiratory 
capacity (FVC). Monitoring of daily home spirometry has been shown to improve 
detection of a sustained decline for 3 days or more of FEV1 by ≥20% from the lung 
transplant recipient’s baseline best FEV1 by an average of 276 days earlier than without 
daily home monitoring [6]. Despite this significantly earlier detection, no studies have 
demonstrated a benefit in survival with home spirometry monitoring, although several 
studies have shown a non-statistically significant positive trend for freedom from bron-
chiolitis obliterans syndrome (BOS) and reduced rates of re-transplantation [7].

 Monitoring/Surveillance Bronchoscopy

Despite being commonly performed, there is little data to support the utilization of 
surveillance screening for ACR via bronchoscopy and transbronchial biopsy 
(TBBX) [8]. The intention of surveillance monitoring by TBBX is to attempt to 
identify subclinical ACR before the onset of symptoms or graft dysfunction and to 
intervene therapeutically with the belief that early and prompt treatment of ACR is 
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beneficial for improving outcomes and decreasing the risk of CLAD in lung trans-
plant recipients. However, there is no definitive evidence that earlier identification 
of these abnormalities in an asymptomatic patient with preserved lung function 
alters the treatment course or overall outcome in lung transplant recipients. 
Bronchoscopy can result in many complications including, but not limited to, pneu-
mothorax, bleeding, and complications of sedation; therefore, further studies are 
needed to determine if there is a benefit in performing surveillance bronchoscopy 
with TBBX in lung transplant recipients and if the benefit outweighs the proce-
dural risks.

 Post-Lung Transplant Pulmonary Complications

 General Issues

There are a myriad of pulmonary issues that may arise after a lung transplant, and 
while many times these issues are benign, subtle findings may herald a much more 
concerning complication or trigger lung function decline. As such, the lung trans-
plant team should be notified to help direct evaluation and management for any lung 
transplant recipient who presents with respiratory symptoms or signs including, but 
not limited to, decline in spirometry, decline in oxygenation by pulse oximetry, 
dyspnea, cough, decreased exercise tolerance, respiratory viral symptoms, or new/
worsened edema. Empiric corticosteroids and/or antibiotics for respiratory symp-
toms should be avoided unless directed by the lung transplant team as they may 
greatly impact the ability to diagnose lung transplant complications, particularly 
acute rejection, if a patient develops significant worsening of symptoms. In addi-
tion, many post-lung transplant recipients are colonized with bacteria that will not 
respond to the typical empiric antibiotics given for conditions such as community-
acquired pneumonia or may already be prescribed azithromycin as an anti-inflam-
matory agent in the setting of CLAD.  Finally, due to the disrupted lymphatic 
drainage after lung transplantation, lung transplant recipients are highly susceptible 
to pulmonary edema with the administration of large-volume intravenous (IV) flu-
ids. IV fluids should not be administered to a lung transplant recipient outside of the 
acute setting such as sepsis or other severe, life-threatening hypotension or blood 
loss, without a discussion with the lung transplant team (see Table 7.1).

Patients who present with new respiratory symptoms or a decline in spirometry 
despite the presence or absence of symptoms should undergo formal evaluation for 
diagnosis. Possible etiologies include, but are not limited to, acute cellular or anti-
body-mediated rejection, infection, anastomotic and/or airway stenoses, or the 
onset of CLAD. Testing by the lung transplant team will generally include formal 
spirometry, computed tomography (CT) scan of the chest with inspiratory and expi-
ratory images, testing for donor-specific antibodies (DSA) as part of the diagnosis 
of antibody-mediated rejection, as well as bronchoscopy to evaluate for anastomotic 
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and/or airway stenoses and to obtain specimens via bronchoalveolar lavage (BAL) 
and transbronchial biopsies (TBBX). Additional evaluation and testing may be war-
ranted depending on the clinical presentation.

 Acute Rejection

Acute cellular rejection (ACR) and antibody-mediated (humoral) rejection (AMR) 
are two forms of acute rejection seen following lung transplantation.

• Symptoms: Most lung transplant recipients with ACR or AMR present with min-
imal to no symptoms and are generally identified due to a decline in home or 
formal spirometry. If symptoms are present, they most commonly include dys-
pnea and/or cough. At times, lung transplant recipients may present with more 
acute respiratory failure ranging from mild hypoxia to acute respiratory distress 
syndrome (ARDS). Importantly, there is no clear distinction in symptoms that 
differentiate between acute rejection and other post-lung transplant complica-
tions such as infection.

Table 7.1 Clinical pearls for the primary care provider—evaluation of a lung transplant recipient 
with respiratory symptoms (see text for details)

Discuss new respiratory symptoms with the transplant team, especially if:
  Decline in baseline spirometry, particularly FEV1 or FEF25–75%

  Dyspnea
  Cough
  Decreased exercise tolerance
  Edema (new or worsening)
Discuss with the transplant team first if considering the following treatments:
  Antibiotics (for a respiratory infection)
  Avoid empiric antibiotics unless directed by the transplant team
   If antibiotics are required, discuss choice with transplant team because of potential 

drug-resistant organisms and drug interactions
   Additional testing may be indicated (e.g., radiographic chest imaging, extended-spectrum 

respiratory viral panel, sputum sample, bronchoscopy)
  Corticosteroids for wheezing or respiratory symptoms
   Avoid empiric corticosteroids in lung transplant recipients—discuss with transplant team 

first
   Can complicate workup for acute rejection
 IV fluids
  Avoid IV fluids unless emergently required (risk of pulmonary edema)
Transfer to acute care setting (e.g., Emergency Department) if unstable and alert the transplant 
team so they may be in contact with the Emergency Department providers to help direct 
evaluation and management
Alert the transplant team even in cases of mild respiratory viral infections
  Associated with development of acute cellular rejection and chronic lung allograft 

dysfunction
  May require more frequent monitoring
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• Exam findings: Physical exam findings in acute rejection are generally absent or 
nonspecific. Patients presenting with advanced or fulminant acute rejection may 
show mild to severe hypoxia on O2 saturation monitoring, evidence of increased 
work of breathing, and nonspecific findings on pulmonary examination.

• Evaluation: Evaluation for acute rejection should be directed by the transplant 
team and may include formal spirometry, chest radiographic imaging, testing for 
donor specific antibodies, and bronchoscopy. Because infection may present 
similarly, broad infectious testing will often be performed in the setting of a 
decline in spirometry or new respiratory symptoms, including an extended-spec-
trum respiratory viral panel, respiratory cultures, and other testing. It is impor-
tant to note that respiratory infection may trigger acute rejection, further limiting 
the ability to clinically differentiate post-lung transplant complications without 
additional testing. An evaluation may occur in the inpatient or the outpatient set-
ting, depending on the severity of the patient’s presentation as well as the ability 
to expeditiously obtain the necessary testing.

• Treatment: The management of ACR and AMR is complex and may be individual-
ized based on the unique situation of each patient but is guided by early diagnosis 
and prompt treatment that includes augmentation of immunosuppression among a 
variety of additional medical strategies. Treatment of ACR and AMR is important 
not only because of the risk of acute graft loss during the rejection episode but also 
because acute rejection is associated with the subsequent development of CLAD.

 Airway Complications

Airway-related complications after lung transplantation have been reported to range 
from 2% to 18% and are felt to be related to donor bronchial ischemia [9]. Airway 
dehiscence occurs at the surgical anastomotic sites while airway stenosis and/or 
malacia can occur at the surgical anastomotic sites as well as the more distal air-
ways. The airway-related complications often present with a decline in spirometry 
with or without dyspnea or evidence of unilateral large airway noise on physical 
exam. As with the evaluation of any decline of spirometry or new respiratory symp-
toms in a lung transplant recipient, evaluation for the concern of airway-related 
complications should be dictated by the transplant team. Management may include 
monitoring, balloon dilation, stent placement, ablative therapies, or surgical inter-
vention. While many airway complications occur early post-lung transplant, a pro-
portion of patients may have persistent issues that require management for years.

 Infections

Respiratory viruses, both symptomatic and asymptomatic, have been found to possi-
bly play a role in the development of ACR [10]. In addition, respiratory viral infec-
tions when present concurrently with ACR may cause more severe lung dysfunction 
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and a slower short-term recovery [11]. Perhaps more importantly, however, respira-
tory viruses have been associated with the subsequent development of CLAD [9, 12]. 
Fisher et al. found an adjusted hazard ratio of 1.9 (1.1–3.5, p = 0.03) for CLAD fol-
lowing the diagnosis of an upper or lower respiratory tract viral infection. The associa-
tion of the development of CLAD following a respiratory viral infection was stronger 
the earlier after the respiratory viral infection but persisted for 12 months following 
the diagnosis (HR 4.8 (1.9–11.6), P < 0.01; 3.4 (1.5–7.5), P < 0.01; and 2.4 (1.2–5.0), 
P = 0.02 in multivariate analysis for 3, 6, and 12 months following respiratory viral 
infection, respectively). As such, even mild respiratory viral infections in lung trans-
plant recipients should prompt review by the lung transplant team with close monitor-
ing for the development of worsening symptoms or decline in lung function. An 
extended-spectrum respiratory viral panel by nasal swab can be helpful even in the 
setting of mild upper respiratory infection in order to potentially identify the causative 
virus, provide treatment if warranted, and depending on the causative viral infection 
determine the need for closer follow-up to monitor for post-respiratory viral complica-
tions (i.e., acute rejection, development of CLAD, etc.). If additional evaluation or 
treatment is being considered due to clinical symptoms or findings, it is reasonable to 
contact the transplant team for guidance as to the most appropriate evaluation and/or 
treatment based on the individual patient’s clinical transplant history.

Transplant centers vary widely with respect to antiviral prophylaxis for cyto-
megalovirus (CMV) but are generally driven by the donor and recipient serostatus, 
tolerance of the medication, and the recipient’s post-transplant CMV history. CMV 
seronegative recipients (R) of a CMV seropositive donor (D) organ (CMV D+/R−) 
are at the highest risk of CMV reactivation. However, any lung transplant recipient 
may experience CMV reactivation regardless of donor or recipient serostatus with 
the exception of CMV seronegative recipients of a seronegative donor organ (CMV 
D−/R−) who are at risk of developing primary CMV infection. Valganciclovir is 
generally the agent used for CMV prophylaxis with the duration dependent on the 
specific transplant center protocol, which can range from 3  months to indefinite 
prophylaxis. Acyclovir may be used for early postoperative HSV or VZV prophy-
laxis in CMV D−/R− lung transplants or later post-transplant in any recipient with 
recurrent HSV or VZV reactivation.

Overall, it is important to recognize the increased risk for any pulmonary or non-
pulmonary infection in a lung transplant recipient. Given the range of infectious com-
plications and the complexity of managing infections in the setting of 
immunosuppression, it is reasonable to contact the transplant team to alert them to any 
infection in a lung transplant recipient, so they may provide insight into atypical infec-
tious etiologies as well as preferred treatment and treatment duration. The transplant 
team may also elect to adjust immunosuppression in the setting of active or recurrent 
infections. While lung transplant recipients may present with “typical” infections as in 
the general population, they may also present with what appears to be a “typical” infec-
tion but, in fact, is something much more serious (for example, gram-negative or fun-
gal cellulitis). Delayed or inadequate treatment of an infection can have dire 
consequences, thus early involvement of the transplant team may be beneficial to assist 
the primary care provider managing an infection in a lung transplant recipient (see also 
Chap. 8).
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The COVID-19/SARS-CoV-2 pandemic that began in 2020 may pose particular 
risk to lung transplant recipients. At the time of this book’s publication, data regard-
ing this infection’s presentation and outcomes in lung transplant recipients contin-
ues to evolve. Evaluation and management should be directed by the transplant 
pulmonologist and take into consideration local epidemiology and public health 
guidelines.  Lung transplant recipients are in a high risk category and should avoid 
potential exposures to SARS-CoV-2.

 Gastroesophageal Reflux Disease

Gastroesophageal reflux disease (GERD) irrespective of symptoms or acid content 
appears to have the potential for a significant impact on post- lung transplant graft 
function likely due to the predisposition to aspiration of gastroesophageal reflux 
contents and the subsequent injury that occurs. Several studies in lung transplant 
recipients have found that GERD diagnosed by 24-hour pH study or 24-hour pH-
impedance study is associated with an earlier onset of ACR, higher rate of ACR, and 
multiple episodes of ACR [13, 14]. In addition, one study found that anti-reflux 
surgery performed either pre-transplant or within the first 6 months following lung 
transplantation resulted in a decreased risk of ACR in the first year [15].

Several studies have shown that the occurrence of GERD increases after lung 
transplantation and may increase with time following transplant surgery [16–18]. 
Although no studies have found a causative link between GERD and CLAD, several 
studies have evaluated the impact of post- transplant fundoplication surgery and the 
development or progression of CLAD.  Lung transplant recipients who undergo 
early post-transplant fundoplication for documented GERD have been found to 
have a better FEV1 at 1-year post-transplant, higher peak FEV1, and longer survival 
[19, 20]. Evaluation and management of GERD are therefore critical in lung trans-
plant recipients that present with graft dysfunction particularly if no immunologic 
etiology is found.

Many lung transplant centers will prescribe life-long proton-pump inhibitors 
(PPIs) for all lung transplant recipients regardless of a diagnosis of GERD or GERD 
symptoms given the concern that even episodic acidic reflux with microaspiration 
may result in lung allograft injury. The primary care provider should contact the 
transplant team if there is concern for side effects relating to the use of PPIs so that 
there may be a discussion about the risk-benefit ratio in the setting of lung 
transplantation.

 Chronic Lung Allograft Dysfunction (CLAD)

CLAD is the leading cause of death after the first year following lung transplanta-
tion, being reported as the primary cause of death in approximately 25–30% of lung 
transplant recipients [1]. CLAD is a clinical diagnosis based purely on a sustained 
decline of ≥20% in FEV1 from a lung transplant recipient’s baseline best FEV1 
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without another clinical explanation [19]. Frequently, lung transplant recipients are 
diagnosed with CLAD solely by a sustained decline in spirometry and remain 
asymptomatic with no functional limitations. CLAD is divided into two pheno-
types: obstructive CLAD, previously termed bronchiolitis obliterans syndrome 
(BOS), and restrictive CLAD, also referred to as restrictive allograft syndrome 
(RAS). CLAD may be progressive either due to an ongoing process resulting in 
continuing allograft injury or due to a series of independent injuries. Over time, 
lung transplant recipients may develop end-stage obstructive or restrictive lung dis-
ease with manifestations of dyspnea with exertion, chronic hypoxia requiring sup-
plemental oxygen, and a decline in functional status.

If a lung transplant recipient manifests a sustained decline of ≥10% in FEV1 
from their baseline best FEV1, the lung transplant team will determine the appropri-
ate evaluation and management. As CLAD is a clinical diagnosis, bronchoscopy 
with transbronchial biopsies is primarily helpful to exclude ACR, infection, and/or 
airway stenosis as the cause of decreased spirometry. Chest CT may show air-trap-
ping or areas of fibrosis; however, these findings are supportive of the diagnosis of 
CLAD, not diagnostic in isolation.

Unfortunately, there are no true treatments for CLAD; thus the effort is focused 
on preserving the remaining lung function and treating contributing factors and pul-
monary complications (i.e., rejection, infection, etc.) as soon as possible. 
Azithromycin may be used for its anti-inflammatory properties as a means to miti-
gate ongoing lung function decline due to inflammation but not to reverse allograft 
injury that has already occurred.

 Primary Care of the Lung Transplant Recipient

 General Issues

Following transplantation, medical management of the lung transplant recipient is 
vital for maintaining the health of the allograft and to promote an overall successful 
outcome after a lung transplant surgery. A large number of non-pulmonary compli-
cations that may arise following lung transplantation are related to immunosuppres-
sant effects and/or toxicities. Non-pulmonary complications include, but are not 
limited to, renal dysfunction, hematologic abnormalities, gastrointestinal complica-
tions, neurologic sequelae, oncologic manifestations, and metabolic derangements. 
While monitoring lung allograft function following transplantation is critical to over-
all survival, monitoring for the subsequent non-pulmonary complications is also 
important to avoid increased morbidity and mortality in lung transplant recipients.

Given the range of non-pulmonary complications following lung transplantation, 
any new medical diagnoses should be discussed with the lung transplant team to 
assure that no changes in the post-lung transplant medication regimen are war-
ranted. In addition, new medications prescribed for non-pulmonary medical issues 
should also be discussed with the lung transplant team to assure that no potential 
interactions exist between the new medication and the immunosuppressive medica-
tions in particular. For example, diltiazem and the azoles, such as fluconazole, have 
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significant interactions with the calcineurin inhibitors, tacrolimus and cyclosporine, 
resulting in decreased metabolism of these medications. The doses of the calcineu-
rin inhibitors will need to be reduced in the setting of administration of diltiazem or 
the azoles in order to prevent toxic levels resulting in renal failure or severe neuro-
logic issues (see Chap. 3).

General age-related health maintenance and screening for lung transplant recipi-
ents should not be different from the general population outside of the known issues 

Table 7.2 Clinical pearls for the primary care provider—evaluation of the lung transplant recipient 
at outpatient clinic visits (see text for details, also see Chap. 2 for discussion of general 
history-taking)

Initial visit:
 Review pre-transplant and initial post-transplant course:
 Indication for transplant
 Single vs bilateral lung transplant
 EBV and CMV serostatus
 Type of induction immunosuppression
 Complications (surgical complications, infection, rejection)

  Symptoms, exam, medications, laboratory studies, metabolic complications, and general 
preventive health similar to follow-up visits

Follow-up visits:
 Symptoms:
 Inquire about dyspnea, cough, symptoms of infection, malignancy, or medication side effects

 Habits:
 Ask about tobacco, marijuana, and other use

 Exam:
 Should have expected surgical scars from incision, drains, etc.
 Complete exam for abnormal respiratory findings

 Medications:
 Review immunosuppressive medication regimen, adherence, side effects
 Review infectious prophylaxis
  Review other possible medications intended to treat or prevent post-transplant complications 

(PPIs, azithromycin, magnesium supplementation, calcium/vitamin D supplementation, 
statin, among others)

 Laboratory and other studies:
 Adherence to surveillance schedule set forth by the transplant team

 Surveillance for graft function
 Home spirometry
 Formal spirometry
 Bronchoscopy (if done)

 Metabolic complications:
  Assess and treat, in conjunction with the transplant team, if present, including 

hypomagnesemia, gout, osteopenia or osteoporosis, diabetes, hypertension, chronic kidney 
disease

 General preventive health:
 Review immunizations, skin exams including history of skin cancer, other routine screening
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relating to the side effects and complications of post-lung transplant medications (see 
Chap. 12). Patients are strongly recommended to stay up to date; however, their 
immunosuppressed state may worsen or complicate management of routine age-
related medical diagnoses.

At the initial visit, the patient’s history should be reviewed (Table 7.2).

• The pre-transplant course should be reviewed. In some cases, patients have had 
a prolonged course on the waiting list and may have suffered from complica-
tions, hospitalizations, and frailty.

• The indication for transplantation should be clearly identified.
 – In some cases, the disease may continue to affect other organ systems—for 

example, a patient with cystic fibrosis may have a well-functioning bilateral 
lung transplant without complications but still have pancreatic disease, sinus-
itis, and episodes of distal intestinal obstruction syndrome (DIOS). The pri-
mary care provider may be actively involved in managing these other 
conditions.

• Single lung transplant recipients may continue to have disease and complications 
in the native lung. For example, a patient with a single lung transplant for COPD 
is still at risk for cancer and pneumothorax in the native lung.

• The initial transplant postoperative course should be reviewed for complications, 
rejection episodes, and opportunistic infections.

At all visits (initial and follow-up), the primary care provider should review the 
following (Table 7.2):

• Symptoms: Patients should be asked about symptoms of allograft dysfunction, 
including dyspnea or cough. Symptoms of infection and malignancy should also 
be addressed, as well as potential side effects of immunosuppressant or infection 
prophylaxis medications.

• Adherence: As noted above, nonadherence is common and should be discussed. 
Knowing the common side effects will help the PCP direct questions, as side 
effects are a potential factor in nonadherence (see Chap. 3).

• Habits: Smoking relapse can occur in patients after lung transplantation. Primary 
care providers should actively inquire about smoking and treat aggressively if 
needed. Other inhaled substances are also strongly discouraged, including vap-
ing marijuana. The transplant team should be made aware if a patient is smoking 
or inhaling any substance so that they may be able to counsel the patient appro-
priately from a lung transplant perspective.

• Exam: In addition to any other physical examination as indicated, lung transplant 
recipients should be assessed for abnormal respiratory findings, including oxy-
genation. Examination should show expected surgical scars and a well-function-
ing lung allograft should be clear to auscultation. The extremities should be 
assessed for edema and cyanosis. Lung transplant recipients should be monitored 
for excessive weight gain and, if present, managed aggressively.

• Laboratory and surveillance: The lung transplant recipient will have frequent, 
life-long laboratory monitoring as dictated by the transplant team. It is helpful to 
review the transplant team’s documentation and reinforce the surveillance sched-
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ule with the patient, especially if the patient is past due for routine surveillance. 
The patient should be encouraged to perform life-long home spirometry and the 
data should be reviewed for changes. If a decrease in home spirometry is present, 
the transplant team should be alerted regardless of the presence or absence of 
respiratory symptoms. Abnormal lab tests may require follow-up by the PCP 
(e.g., hyperglycemia).

• Manage complications: It is important to continue to screen for medical compli-
cations and treat them as they arise. Patients with good allograft function might 
see their lung transplant team twice yearly, but their PCP more often to manage 
diabetes, hypertension, and other conditions. (Complications are discussed in 
more detail below and also more generally in Chaps. 10 and 11).

• Preventive health: Primary care providers should continue to conduct routine 
age-appropriate health screening and immunizations. Note that live virus immu-
nizations are contraindicated due to immunosuppression, and the recombinant 
shingles vaccine is currently not recommended, pending further evaluation in the 
transplant population. Vaccine recommendations change frequently and the PCP 
should review current guidelines and, if in doubt, contact the transplant center 
(See Chap. 12).

 Renal, Cardiovascular, and Metabolic Complications 
Post-Lung Transplant

While these complications are discussed elsewhere in this book, it is important to 
recognize the frequency with which non-pulmonary renal, cardiovascular, and met-
abolic complications occur following lung transplantation. Patients with pre-trans-
plant risk factors for these non- pulmonary issues, such as patients with cystic 
fibrosis, may have significant worsening of these conditions following lung trans-
plantation and the administration of immunosuppressive medications. Careful mon-
itoring is necessary to prevent long-term sequelae and morbidity due to these 
complications.

Renal disease is a common and an increasingly recognized complication follow-
ing lung transplantation. According to data collected by the ISHLT, at 1 year fol-
lowing lung transplantation, nearly 6% of recipients meet the criteria for severe 
renal dysfunction (creatinine >2.5  mg/dL) and nearly 1.3% require dialysis. By 
5-years post-transplant, over 16% of recipients meet the criteria for severe renal 
dysfunction with an additional 3% requiring dialysis and 0.6% having undergone 
renal transplantation [1]. If a lung transplant recipient develops proteinuria or a 
rising creatinine, in addition to the standard workup for acute or chronic kidney 
disease, the transplant team should be notified. In some cases, the patient’s immu-
nosuppression regimen may be reassessed and/or modified. If the renal disease is 
progressive, a nephrologist familiar with the care of transplant recipients should be 
involved.
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Several cardiovascular and metabolic alterations can occur following lung trans-
plantation, most commonly due to side effects related to the immunosuppressive 
medications. Hypertension, hypercholesterolemia, diabetes mellitus, and osteopo-
rosis are all potential complications in lung transplant recipients. Several studies 
have evaluated the prevalence of these cardiovascular and metabolic alterations. 
Hypertension has been found to be present in 45% of lung transplant recipients at 
1-year post-transplant, 65% by 3-year post-transplant, and 67% by 5-year post- 
transplant [21]. Similarly, hypercholesterolemia is present in 16% of lung transplant 
recipients at 1-year post-transplant, 33% by 3-year post- transplant, and 48% by 
5-year post-transplant [22]. The estimated prevalence of diabetes mellitus following 
lung transplantation has varied among studies with 6–23% by 1-year post-transplant 
and 7–39% by 3-year post-transplant [21, 23, 24]. The prevalence of metabolic 
syndrome is also increased with 24% of lung transplant recipients meeting the cri-
teria by 1-year post-transplant.

Loss of bone mineral density also is a common complication following lung 
transplantation, although many patients have preexisting bone mineral density alter-
ations prior to transplant. Wang et al. found that 36% of lung transplant candidates 
had osteopenia based on bone mineral density testing and 31% had osteoporosis 
[25]. This increased prevalence is likely due to the common use of corticosteroids 
in advanced lung disease management, a known risk factor for loss of bone mineral 
density. Significant bone loss is common following lung transplantation, again pri-
marily to the use of corticosteroids as a mainstay of the transplant immunosuppres-
sive regimen. As such, prevention of bone loss with post-transplant administration 
of calcium and vitamin D, as well as appropriate monitoring for bone loss and treat-
ment when needed, is essential to reduce the risk of fracture.

For further discussion not specific to lung transplant recipients, see Chap. 11.

 Malignancy

Malignancy following lung transplantation is common and increases with time after 
transplant. According to the ISHLT, over 11% of deaths between years 1 and 5 post-
lung transplant and over 17% after 5-years post-lung transplant are attributable to 
malignancy. In addition, post- transplant lymphoproliferative disorder (PTLD) is 
responsible for 2% of deaths following the first 30 days after transplant [1].

Skin cancer accounts for the majority of malignancy following lung transplanta-
tion, with squamous cell carcinoma (SCC) predominating over basal cell carcinoma 
(BCC) [26]. Lung and heart transplant recipients are more likely to develop skin 
cancer than other solid organ transplant recipients, likely due to the increased over-
all intensity of immunosuppression required. Immunosuppression alone is not the 
only post-transplant medication contributing to the development of skin cancer, 
however. Exposure to voriconazole, an anti-fungal medication used frequently after 
lung transplantation, has also been found to significantly impact the occurrence of 
skin cancer. A retrospective study of over 300 lung transplant recipients found a 
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2.6-fold increased risk for SCC in patients who had any exposure to voriconazole 
with a cumulative effect showing a 5.6% increase in risk for every 60-day expo-
sure [27].

Post-transplant lymphoproliferative disorder (PTLD) is a broad category that 
contains several distinct processes and is characterized by the proliferation of 
immune cells in the setting of post-transplant immunosuppression. A review of the 
United Network of Sharing database, a database of solid organ transplants per-
formed in the United States, found the incidence of PTLD in lung transplant recipi-
ents to be 3.7% [28]. Other studies have reported higher incidences with ranges of 
6.2–9.4% [29]. PTLD is more common in lung transplant recipients, occurring 
twice as frequently as in other solid organ transplant recipients [28]. EBV serosta-
tus is the most important risk factor for the development of PTLD, with an EBV 
seropositive donor organ transplanted into an EBV seronegative recipient having 
the highest risk. Lung transplant recipients in this category have a 20-fold increased 
risk of developing PTLD than lung transplant recipients who are seropositive prior 
to transplantation [28]. As PTLD may present at any time post-transplant and in a 
variety of locations (i.e., pulmonary, GI, CNS, bone marrow, etc.), patients may 
possibly present to primary care providers with symptoms of malignancy. 
Therefore, primary care providers must be aware of this condition and have a high 
degree of suspicion in order to diagnose it accurately in a timely fashion.

Colon cancer has been found to be generally increased in patients with CF. In 
a recent review of the US Cystic Fibrosis Foundation Registry during the years 
1990 to 2009, the standardized incidence ratio (SIR), defined as the number of 
observed cases of colon cancer divided by the number of expected cases of colon 
cancer, was 6.2 in all patients with CF. [30] In patients with CF who underwent 
organ transplantation, the SIR for colon cancer was 30.1. Screening recommenda-
tions for colon cancer in lung transplant recipients with CF have been published 
with recommendations for both pre- and post-transplant screening initiation and 
intervals [31].

Short telomere syndromes have been associated with the development of IPF 
and other interstitial pneumonias and have been shown to be a critical factor driving 
myelodysplastic syndrome (MDS) and leukemia. Patients with telomeropathies 
who undergo lung transplantation should be monitored closely for the development 
of myelodysplasia and other associated hematologic disorders. [32, 33] 
Consideration should be taken for lung transplant recipients with short telomere 
syndromes to be proactively followed by hematologist-oncologists who are famil-
iar with the evaluation and management of hematologic disorders associated with 
telomeropathies.

Lung cancer also appears to occur more frequently following lung transplanta-
tion. Several studies have shown an increased risk of lung cancer, particularly in the 
native lung in COPD and IPF recipients of a single lung transplant [34–36]. These 
patients have been found to have prevalence of native lung cancer ranging from 
1.5% to 8.9% [35]. Although there are no current guidelines for screening for lung 
cancer in lung transplant recipients, consideration should be given to using current 
lung screening guidelines in patients who may be at high risk such as recipients of 
single lung transplants due to COPD and IPF. Screening and evaluation for lung 
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cancer in lung transplant recipients should be a joint effort between the lung trans-
plant team and the primary care provider.

(See also Chap. 10).

 Conclusions

Lung transplantation has become an increasingly frequent treatment for patients 
with a variety of end-stage lung diseases. Survival after lung transplantation has 
improved over time but is still limited as compared to other solid organ transplant 
recipients. There are a myriad of pulmonary issues that may arise after a lung trans-
plant as well as a large number of non-pulmonary complications frequently related 
to immunosuppressant effects and/or toxicities. Non-pulmonary complications 
include, but are not limited to, renal dysfunction, hematologic abnormalities, gas-
trointestinal complications, neurologic sequelae, oncologic manifestations, and 
metabolic derangements. For these reasons, following a lung transplant recipients 
require intensive, life-long monitoring for the assessment, evaluation, and manage-
ment of both allograft and non-allograft transplant-related complications.
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Chapter 8
Infections in the Adult Solid Organ 
Transplant Recipient

Gabrielle N. Berger and Genevieve L. Pagalilauan

 Introduction

There is a clear mortality benefit from solid organ transplantation with an average of 
4.3 years of life gained per organ transplant [1]. Solid organ transplantation necessi-
tates immunosuppression that is intense immediately following transplantation and, in 
most cases, decreases over time. Improvements in immunosuppression management 
have reduced the incidence of acute rejection and improved graft survival. However, 
infection remains a significant risk for all solid organ transplant recipients and can 
shorten life expectancy as well as shorten the life of the graft [2]. The nature of such 
infections varies depending on time since transplantation, degree of immunosuppres-
sion, type of transplant, unique donor and recipient characteristics, and environmental 
exposures. This chapter reviews both common and serious infections, as well as 
explores diagnostic and therapeutic considerations in this unique population. Given the 
complexities of this population including the potential for unusual pathogenic organ-
isms, increased risk for rapid evolution of infections, and the need to still consider 
antimicrobial stewardship, consultation with a transplant infectious disease specialist 
should be considered when treating infections in solid organ transplant recipients.

 Timeline of Immunosuppression and Related Infection Risk

The time elapsed since solid organ transplantation affects the susceptibility to infec-
tion. Infectious risks can be divided into the early, intermediate, and late post- 
transplant periods (See Table 8.1).
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The early post-transplant period (0–1 month)

This period confers increased risk for nosocomial infections and immediate donor-
borne infection transmission with patients being cared for in intensive care unit 
(ICU) and hospital settings. Surgical  complications such as wound infections, 
anastomotic leaks, as well as ICU-related illness including central venous catheter 
infections, urinary catheter infections, and ventilator- associated pneumonias are 
common. Donors are screened for viral hepatitis, human immunodeficiency virus 

Table 8.1 Timeline for infection risk post solid organ transplant [2, 3]

Timeline <1 month 1–6 months >6 months

Types of 
infection

Nosocomial, surgical, 
donor, or recipient 
pre-existing infections

Latent infections, 
opportunistic infections 
assuming standard 
prophylaxis for CMV, HBV, 
PJP

Community-acquired 
infections

Organisms Bacteria:
  MRSA
  VRE
  Carbepenem-resistant 

Klebsiella pneumonia 
(CRKP)

  Carbepenem-resistant 
enterobacteriacae (CRE)

  Clostridioides difficile 
(Cdiff)

  Pseudomonas
  Burkholderia (lung 

transplant)
Fungal:
  Candida (including 

non-albicans)
  Aspergillus (recipient)
Viral (less common, from 
donor)
  HSV
  HIV
  West Nile
  Lymphocytic 

choriomeningitis virus 
(LCMV)

Viral:
  HCV
  Adenovirus
  Influenza
  BK virus
Bacterial:
  Cdiff
  M. tuberculosis

Viral:
  CMV (colitis, 

retinitis)
  HBV, HCV 

(hepatitis)
  HSV 

(encephalitis)
Bacteria:
  Community- 

acquired 
pneumonia and 
UTIs

  Nocardia
Fungal:
  Aspergillus
  Atypical molds

Routes of 
infection

Catheters
Ventilator
Extracorporeal membrane 
oxygenation (ECMO)
Surgical wounds/
anastomoses

MRSA methicillin-resistant Staphylococcus aureus, VRE vancomycin-resistant enterococcus, HCV 
hepatitis C virus, M. tuberculosis mycobacterium tuberculosis, CMV cytomegalovirus, HBV hepa-
titis B virus, HSV herpes simplex virus, HIV human immunodeficiency virus
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(HIV), herpes simplex virus (HSV), as well as with bacterial and fungal blood and 
urine cultures in most cases. However, donor-derived infections do occur, and 
while they are likely at low rates, the exact incidence is unknown due to limited 
reporting data. Donor-derived infections may result from variation in donor infec-
tion screening protocols as well as the limited time window in which to assess 
potential donors [4]. While primary care providers are most likely not involved in 
the care of solid organ transplant recipients during this early period, it can be help-
ful to review the patient’s early transplant course for a history of prior infectious 
complications.

The intermediate post-transplant period (1–6 months,  
up to 12 months)

This period is characterized by maximal effects of immunosuppression dosing. 
These medications suppress both T- and B-cell immunity and increase the risk for 
opportunistic infections similar to the risk in patients with HIV. Prophylaxis against 
cytomegalovirus (CMV) includes valganciclovir or ganciclovir for 3–12 months 
depending on CMV status and type of transplant [5]. Those who are CMV-negative 
for both donor and recipient (D−/R−) and therefore not receiving CMV prophy-
laxis should be considered for antiviral prophylaxis against HSV and VZV. Antiviral 
therapy to prevent HSV reactivation is recommended in solid organ transplant 
recipients who are HSV seropositive (and not receiving CMV prophylaxis) for at 
least 1 month post-transplant [6]. Prophylaxis against varicella zoster virus (VZV) 
is recommended in seropositive recipients who are not already receiving prophy-
laxis against CMV or HSV—however, this situation is less common and the opti-
mal duration is uncertain due to limited data [7].

Protocols for antiviral prophylaxis vary by center, and prophylaxis is typically 
re-initiated even in the later post-transplant period if patients are treated for rejec-
tion, especially if T-cell depleting therapies are used. Prevention of reactivation of 
hepatitis B virus (HBV) is important in liver transplant recipients, who will receive 
immunoglobulin plus lamivudine or entecavir. Non-liver solid organ transplant 
recipients who are positive for HBV are monitored for HBV reactivation for 3–6 
months after transplantation.

The incidence of Pneumocystis jirovecii pneumonia (PJP) in solid organ trans-
plant recipients has decreased due to the use of routine prophylaxis [8]. Trimethoprim- 
sulfamethoxazole is the preventive drug of choice in patients without a sulfa allergy. 
Trimethoprim-sulfamethoxazole is also effective against nocardia, toxoplasmosis, 
and listeria. It has lesser protection for acute cystitis, sinusitis, and pneumococcal 
pneumonia. In the setting of a true sulfa allergy, dapsone, atovaquone, and pentami-
dine are alternatives [9]. Lung transplant recipients are at higher risk and are recom-
mended for lifelong therapy. Other solid organ transplant recipients typically receive 
6–12 months of PJP prophylaxis, although it may be modified by the presence of 
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other risk factors such as graft dysfunction, low CD4 counts, neutropenia, concur-
rent CMV disease, and corticosteroid dosing [8].

Other fungal infections in the early and intermediate periods post-transplanta-
tion can be severe. Azole and other antifungal therapy may be utilized for prophy-
laxis against Candida and Aspergillus in higher risk patients [10]. While practice 
varies by transplant center, in general, lung transplant recipients are at higher risk 
of Aspergillus and often receive 3–6 months of prophylactic antifungal therapy 
after transplantation [11]. In other solid organ transplant recipients, the use of 
prophylaxis against Aspergillus is limited by lack of sufficient data; patients may 
be given prophylaxis based on risk factors for invasive disease [11]. There is also 
practice variation in prophylaxis against Candida species, with some guidelines 
preferring prophylaxis in gastrointestinal site transplantations (liver, pancreas, 
small intestine), while in other sites prophylaxis against Aspergillus may be more 
important [12]. In addition to Candida and Aspergillus species, reactivation of 
endemic mycosis may occur, and its incidence can be as high as 6.9% for coccidi-
oidomycosis. Reactivation is more severe and occurs earlier (within 3 months) 
from donor-derived infections. Recipient reactivation usually occurs within 1 year. 
Symptoms can include fevers, chills, pleurisy, and cough, though severe pneumo-
nia and multiorgan failure are possible [13]. Prophylaxis may be considered 
against reactivation of endemic mycoses if recipients have a history of disease 
prior to transplantation. In most cases, the transplant team, in consultation with a 
transplant infectious disease specialist, will determine the appropriate prophylaxis 
against invasive fungal infections. The primary care provider should be aware of 
possible prophylactic regimens as well as the presentation of clinical disease.

Despite usual prophylaxis, solid organ transplant recipients are susceptible to other 
viruses including BK virus, hepatitis C (HCV), adenovirus, and influenza. Vaccination 
for influenza (intramuscular inactivated vaccine), and vigilance for the other at-risk 
viruses is needed. In this period, solid organ transplant recipients are at risk for bacte-
rial infections including healthcare- and hospital-acquired pneumonia as well as com-
munity-acquired pneumonia. Providers must be wary of atypical pneumonia, 
tuberculosis, and gastrointestinal infection with Clostridioides difficile (Cdiff).

Common prophylaxis regimens are shown in Table 8.2.

The late post-transplant period typically starts >6–12 months after transplant. 
By this time, immunosuppression is being tapered and solid organ transplant recip-
ients are living in their home community under the care of their primary care pro-
viders in conjunction with their transplant center. Community-acquired infections 
are more likely and pattern similarly to the general population with pneumonia, 
urinary tract infections (UTI), and infectious diarrhea being common. The risk for 
opportunistic infections is higher if patients experience organ rejection and require 
intensification of immunosuppression. Unique infections affecting solid organ 
transplant recipients include late CMV reactivation/infection, HSV, HBV and 
HCV reactivation, and less commonly JC and BK virus infections. BK virus is a 
particular concern in renal transplant recipients in whom it can be a major cause of 
graft failure.
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 Key Considerations in Diagnosis

Solid organ transplant recipients require lifelong immunosuppression resulting in a 
reduction of usual signs and symptoms of inflammation that accompany infections 
[3]. The pragmatism and parsimonious approach we strive for in usual practice must 
be set aside when assessing the solid organ transplant recipient for infection. While 
symptoms may be muted, the actual infection may evolve rapidly and progress to a 
more severe infection in these immunosuppressed patients. Infections may be the 
result of polymicrobial infections and/or from multi-drug-resistant organisms. 
Comprehensive testing and more rapid escalation to invasive testing are appro-
priate [3].

Immunosuppression reduces the sensitivity of tests that rely on the patient’s 
immune system such as serological tests for antibodies. Instead, direct detection of 
pathogens using culture, polymerase chain reaction (PCR), and similar tests of opti-
mal specimens is preferred. This may require more invasive testing such as biopsy 
of infected tissue [3, 14].

Table 8.2 Common regimens for prophylaxis against infections in solid organ transplant recipients

Infection Prophylaxis

Cytomegalovirus 
(CMV) [5]

Ganciclovir (IV), valganciclovir (PO)

D+/R− Lung: 0–12 months; some 
centers extend >12 months
Heart: 3–6 months
Liver: 3–6 months
Kidney: 6 months

R+ (any donor status) Lung: 6–12 months
Heart, liver, kidney: 
3 months

D−/R− No prophylaxis (but 
should have HSV/VZV 
prophylaxis)

HSV If recipient is positive for HSV (1 or 2) and not receiving CMV 
prophylaxis, then at least 1 month is recommended. (e.g., acyclovir, but 
regimens vary)

VZV Provide if recipient is positive for VZV and negative for HSV and CMV, 
and not already receiving prophylaxis against CMV or HSV; optimal 
duration uncertain

Fungal Invasive (Aspergillus, Candida species):
  Varies by transplant center and patient risk factors; prophylaxis against 

Aspergillus often given in lung transplant recipients; against Candida 
in liver transplant recipients

Endemic
  Varies by patient risk factors, e.g., history of prior endemic mycotic 

disease
Pneumocystis 
jirovecii

Lung: lifelong
Other organs: 6–12 months, may vary if risk factors present

8 Infections in the Adult Solid Organ Transplant Recipient
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 Respiratory Infections

Respiratory infections after solid organ transplantation are common and account 
for significant morbidity and mortality in this population. Bacterial pneumonia 
remains the most common cause of lower respiratory tract infections, with one 
study identifying community-acquired pneumonia (CAP) in 40.7% and healthcare- 
associated pneumonia (HCAP) in 38.9% of solid organ transplant recipients treated 
for pneumonia [15]. Solid organ transplant recipients are at higher risk of develop-
ing lower respiratory tract disease from common respiratory viruses and often 
develop more severe symptoms than immunocompetent hosts [16]. Solid organ 
transplant recipients are also more likely to develop invasive fungal pneumonia as 
well as bacterial and fungal co-infection in the setting of a viral respiratory illness 
[15]. Primary care providers must be aware of the risk factors and possible presenta-
tions of respiratory infections in solid organ transplant recipients to appropriately 
triage, diagnose, and treat these patients in the outpatient setting. Table 8.3 shows 
common respiratory infections in solid organ transplant recipients.

Case
A 60-year-old woman with a history of bilateral lung transplantation 2 years 
prior presents to the primary care clinic in the winter season with 3 days of 
subjective fevers, nasal congestion, rhinorrhea, dry cough, and myalgias. She 
is adherent to her immunosuppression regimen and has not had any episodes 
of rejection in the last year. On exam, her temperature is 38.0 °C, heart rate 
98, blood pressure 125/70, respiratory rate 22, and oxygen saturation 97% on 
ambient air. Her exam reveals mild erythema of the oropharynx but no tonsil-
lar hypertrophy and no exudate. Her lungs are clear and she has no lymphade-
nopathy. She received the inactivated influenza vaccine in October.

Comment:
This patient is presenting with symptoms of an upper respiratory tract 

infection during influenza season. She has a low-grade fever with mild tachy-
cardia and an elevated respiratory rate. Although the patient received the 
influenza vaccine, not all viral subtypes are covered equally, and she is still at 
risk of influenza infection. Infection with other respiratory viruses including 
rhinovirus, coronavirus, and respiratory syncytial virus (RSV) is also possi-
ble. This patient should undergo testing with a viral respiratory PCR panel, 
or a rapid influenza test if the extended panel is not available. Because of the 
presence of cough and fever during influenza season, she should be treated 
empirically for influenza with oseltamivir unless contraindicated.

The absence of lymphadenopathy and sore throat make bacterial pharyn-
gitis unlikely. Community-acquired pneumonia is also less likely without 
clear signs of lower respiratory tract involvement. Opportunistic infections 
due to mycobacterial and fungal etiologies, as well as reactivation of latent 
diseases, such as CMV, typically present more gradually and would not be 
consistent with the acuity of symptom onset in this case. Nonetheless, a 
chest X-ray should be obtained to evaluate for new consolidation or nodules.
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 Diagnostic Considerations

All solid organ transplant recipients who present with a suspected respiratory viral 
infection should undergo evaluation with a nasopharyngeal sample tested by PCR 
for respiratory viral pathogens [16]. Most respiratory viral infections are restricted 
to the upper respiratory tract; however, solid organ transplant patients are at higher 
risk of developing lower respiratory tract infection and subsequent complications, 
including superimposed bacterial pneumonia, due to impaired cellular and humoral 
immunity [17]. In lung transplant recipients, development of lower respiratory tract 
disease may be associated with increased risk of chronic lung allograft dysfunc-
tion, though the relationship with episodes of acute rejection has not been estab-
lished [18]. Identifying common viral infections, such as non-epidemic coronavirus 
or rhinovirus, as a cause of lower respiratory tract infection may reassure the clini-
cian that additional evaluation is not necessary and improve antibiotic stewardship. 
In a solid organ transplant recipient with lower respiratory tract symptoms, the 
primary care provider should strongly consider obtaining chest imaging. Focal 
infiltrates on chest X-ray are most consistent with a bacterial pneumonia, whereas 
diffuse lung disease and multifocal infiltrates are more likely to represent a viral 
infection or non- infectious process. With a relevant exposure history and character-
istic tempo of symptom onset, nodular opacities on chest X-ray may suggest a 
fungal etiology [19].

Chest imaging, while helpful, cannot definitively rule in or rule out bacterial, 
viral, or fungal etiologies of respiratory symptoms; imaging must be combined with 
a thorough history and the provider’s best clinical judgment to determine a diagno-
sis. The primary care provider should have a low threshold to consult with an infec-
tious disease specialist or a pulmonologist when interpreting the chest X-ray 
findings in a solid organ transplant recipient with a suspected infectious respiratory 
illness. Chest CT and even bronchoscopy may be indicated to differentiate infection 
from non-infectious causes of respiratory symptoms, including rejection in lung 
transplant patients, and drug fever [2]. Lung transplant recipients in particular 
should receive consultation with the transplant pulmonologist, both to expedite the 
appropriate workup and to avoid empiric treatment that may make subsequent diag-
nostic tests less accurate (See Chap. 7). Patients who present to clinic with signs of 
impending respiratory failure, hypoxemia, or any other unstable vital signs due to a 
suspected respiratory infection should be admitted to the hospital for inpatient eval-
uation and treatment. Even patients who are clinically stable may benefit from an 
emergency department evaluation or inpatient stay if they have higher risk for severe 
infection, including earlier time period since transplantation, higher level of immu-
nosuppression, history of organ failure or chronic illness, and other risk factors, as 
solid organ transplant recipients can decompensate quickly.

See Chap. 9, for a broader discussion of differential diagnoses of respiratory 
symptoms, including non-infectious causes. Specific infectious entities are dis-
cussed below.
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 Respiratory Viral Illness

Influenza is an acute, febrile illness that typically manifests with respiratory symp-
toms or may be asymptomatic. While influenza infection is usually self-limited in 
immunocompetent individuals, solid organ transplant recipients may have variable 
presentations of influenza, ranging from atypical, non-respiratory symptoms to 
severe respiratory compromise [15]. Common non-respiratory symptoms of influ-
enza infection in solid organ transplant recipients include gastrointestinal distress, 
sore throat, low-grade fever, or even lack of fever. Solid organ transplant recipients 
are also more likely to shed the influenza virus for a longer period of time than 
immunocompetent hosts due to inability to clear the virus, prolonging their risk of 
complications and possible transmission to others [15, 20, 21]. Risk of influenza 
infection is highest among lung transplant recipients, followed by patients with liver 
and kidney transplants [15]. Rates of severe influenza infection are reported between 
16 and 20% in lung transplant recipients, with mortality ranging from 4 to 8% in 
this population [15]. Mortality is higher among solid organ transplant recipients 
during influenza outbreaks and was reported at 21% for lung transplant recipients in 
an Australian study during the 2009 H1N1 influenza epidemic [15].

If a solid organ transplant recipient presents to the primary care setting with fever 
and upper respiratory symptoms or cough during influenza season, the primary care 
provider should have a high index of suspicion for influenza infection. While it is 
often appropriate to treat immunocompetent hosts for influenza empirically, the 
Centers for Disease Control and Prevention (CDC) recommends that providers 
should attempt to diagnose influenza infection in solid organ transplant recipients to 
target therapy. While rapid influenza antigen tests are specific for influenza infec-
tion, they lack appropriate sensitivity in immunocompromised hosts [16]. More 
sensitive tests, including the viral respiratory PCR panels, are considered the gold 
standard in many institutions, and can identify the influenza subtype, which may be 
important in epidemic years or in cases of treatment failure. Because influenza test-
ing varies by institution, primary care providers will need to know which tests (e.g., 
rapid antigen, nucleic acid amplification, PCR) are available in their location, the 
tests’ performance characteristics, and how quickly results will be known. If a rapid 
influenza antigen test is negative for a solid organ transplant recipient who presents 
with suspected influenza and the PCR panel is not available, the patient should 
receive empiric influenza treatment unless contraindicated [22]. Pooled analyses of 
randomized controlled trials evaluating the efficacy of oseltamivir treatment in 
high- risk individuals have shown a decrease in the rates of hospitalization due to 
influenza from 3.2% to 1.6% (relative risk reduction, 50%) [23].

There are two main classes of antiviral therapy available to treat influenza infec-
tions: adamantanes (amantadine and rimantadine) and neuraminidase inhibitors 
(oseltamivir and zanamivir) [22, 23]. Historically, amantadanes have been active 
against most influenza A strains, but not influenza B. However, widespread resis-
tance to influenza A (H3N2) and more limited resistance to influenza A (H1N1) has 
been reported since 2006. The neuraminidase inhibitors are active against both 
influenza A and B viruses, though oseltamivir resistance among certain influenza A 
(H1N1) strains has also been identified [23]. With these resistance patterns, the 
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CDC recommends oseltamivir 75 mg BID for 5 days for treatment of influenza in 
immunocompromised hosts; amantadanes are no longer considered first-line ther-
apy. Providers caring for solid organ transplant patients living outside the United 
States should review local epidemiology and resistance patterns, and consult with 
local experts to guide treatment strategies. Some patients may benefit from a longer 
course of therapy if not significantly improved after initial treatment, particularly if 
levels of immunosuppression are particularly high; in this case, primary care pro-
viders should consider discussing with an infectious disease specialist. There is no 
data however to support doses of oseltamivir higher than 75 mg daily, though clini-
cians may consider increasing the duration of therapy to 75 mg daily for 10 days (or 
longer) in solid organ transplant patients due to prolonged viral shedding and clear-
ance [2, 24]. Influenza changes seasonally and may have pandemic strains—it is 
important to follow local public health reporting and updated guidelines.

Baloxavir is a novel cap-dependent endonuclease inhibitor approved by the United 
States FDA in October 2018 for the treatment of acute uncomplicated influenza in 
patients 12 years of age and older within 2 days of symptom onset [25, 26]. Baloxavir 
is administered as a single-dose oral medication. In randomized controlled trials com-
paring baloxavir to placebo and oseltamivir, baloxavir was superior to both placebo 
and oseltamivir in reducing viral load 1 day after initiating treatment, with the impli-
cation that transmission rates may be reduced [27]. The role of baloxavir in treating 
immunosuppressed patients has not been established, although local institutions may 
use it in select patients, particularly if there is concern for oseltamivir resistance.

If the patient develops worsening lower respiratory symptoms including produc-
tive cough or pleuritic chest pain while on oseltamivir, one should obtain chest 
imaging to evaluate for bacterial co-infection or even consider treating empirically 
for a concomitant bacterial pneumonia. (In a lung transplant recipient, one should 
consult early with the transplant pulmonologist, preferably before starting antibiot-
ics—See Chap. 7.)

Vaccination against influenza with an inactivated influenza vaccine is indicated for 
solid organ transplant recipients before and after transplantation [16]. However, the 
vaccine should be withheld in the first 2 months after transplant due to the likelihood 
of inadequate response [28]. Either the trivalent or quadrivalent inactivated influenza 
vaccine (IIV) or the recombinant influenza vaccine (RIV) may be administered intra-
muscularly; the live attenuated influenza nasal vaccine (LAIV) is contraindicated in 
solid organ transplant recipients [29]. There is no evidence indicating that solid organ 
transplant recipients derive additional benefit from the high-dose influenza vaccine 
[30, 31]. Nevertheless, some infectious disease specialists recommend the high-dose 
influenza vaccine in solid organ transplant recipients because of limited evidence of 
increased immune response, although no clinical outcome data are yet available.

In addition to influenza, infection with other viral respiratory pathogens, includ-
ing respiratory syncytial virus (RSV), parainfluenza virus, human metapneumovi-
rus, rhinovirus, and adenovirus, is common in solid organ transplant recipients [15, 
17]. Similar to influenza, these respiratory viruses are spread by direct contact with 
aerosolized droplets [15]. The clinical syndrome is similar to infection with influ-
enza and includes fever, cough, rhinorrhea, and myalgias, though development of 
lower respiratory tract symptoms with bronchiolitis and pneumonia is more 

8 Infections in the Adult Solid Organ Transplant Recipient



164

common in solid organ transplant recipients than in immunocompetent individuals 
[17]. Nasopharyngeal swab or wash should be collected in the clinic and sent for 
PCR-based assays, which remain the gold standard for diagnosing respiratory viral 
infections in solid organ transplant recipients [2, 15]. Supportive care is the main-
stay of treatment for non-influenza respiratory infections. If the patient develops 
hypoxia, they should be promptly admitted to the hospital. In severe cases, the trans-
plant team should be informed; in some circumstances, the transplant team may 
consider whether a reduction in immunosuppression is warranted [15]. Antiviral 
drug therapy for certain viral pathogens in solid organ transplant recipients, includ-
ing RSV and adenovirus, is under investigation [15, 17]. There are currently no 
accepted guidelines for the use of ribavirin in the treatment of RSV; practices vary 
by institution and it is typically only used in hospitalized patients with lower respira-
tory tract disease and a significantly depressed absolute lymphocyte count.

Infection with cytomegalovirus (CMV) can cause significant respiratory illness in 
solid organ transplant recipients. While infection with CMV can occur as a primary or 
secondary infection, the majority of cases in this patient population represent reactiva-
tion of a latent reservoir. CMV disease can manifest as either CMV syndrome, char-
acterized by fever, malaise, and myelosuppression, or as CMV tissue- invasive disease, 
which can be isolated to the allograft or involve multiple organs simultaneously [32, 
33]. Symptoms of CMV pneumonia are non-specific and are typically characterized 
by subacute onset of fevers, cough, and hypoxemia, accompanied by a range of radio-
graphic findings including bilateral infiltrates, nodules, and areas of consolidation. 
Lung transplant recipients are at particularly high risk for CMV pneumonia; diagnosis 
requires the presence of signs or symptoms of pulmonary disease combined with the 
detection of CMV in bronchoalveolar lavage or lung tissue samples [34]. Because of 
the non-specific presentation, primary care providers should maintain a high index of 
suspicion for CMV pneumonia in lung transplant recipients and closely collaborate 
with the patient’s transplant physicians to expedite evaluation and coordinate care.

Emerging respiratory infections such as COVID-19 (SARS-CoV-2) may be par-
ticularly severe in solid organ transplant recipients. At the time of this book’s publi-
cation, this virus continues to be studied during the worldwide pandemic. Testing 
should be initiated promptly depending on local epidemiology and public health 
guidelines. Consultation with infectious disease specialists is indicated in a solid 
organ transplant recipient with suspected or confirmed COVID-19 infection.

 Bacterial Pneumonia

Community-Acquired Pneumonia (CAP) is common in solid organ transplant recipi-
ents, although evidence is mixed as to whether CAP occurs more frequently in these 
patients compared to the general population [35, 36]. While solid organ transplant 
recipients are at risk for CAP from typical organisms including Streptococcus pneu-
moniae, Legionella pneumophila, and Haemophilus influenza, they are also at 
increased risk of infection with Nocardia spp, Staphylococcus aureus, Pseudomonas 
aeruginosa, and other gram-negative rods (GNRs) [16]. Abrupt onset of fever 
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accompanied by cough productive of sputum should raise concern for CAP. A focal 
infiltrate on chest X-ray may be useful in confirming suspicion for CAP, but should 
not be used to rule in or rule out disease.

IDSA guidelines (2019) include recommendations for the treatment of CAP in 
patients with comorbidities (which include chronic heart, lung, liver, and renal dis-
ease, as well as asplenia). For solid organ transplant recipients, CAP treatment options 
include monotherapy with a respiratory fluoroquinolone or combination therapy with 
a beta-lactam (amoxicillin-clavulanate) or a cephalosporin plus either doxycycline or 
a macrolide [16, 37]. This treatment regimen should only be used for stable outpa-
tients. Drug interactions are common with antibiotics and immunosuppressant medi-
cations—if starting a new antibiotic, especially a macrolide, the transplant team 
should be notified (See Chap. 3). The typical treatment duration is 5 days, though 
providers may treat longer if symptoms are not improving. However, if symptoms 
persist without response to antibiotic therapy, consultation with a pulmonologist 
should be obtained to consider additional diagnostic testing and alternate diagnoses.

Hospital admission should be expedited for any patient with CAP and unstable 
vital signs, and considered for certain solid organ transplant recipients who, although 
stable, are high risk for decompensation. Validated clinical prediction scores to 
stratify the need for hospitalization may be used, but only in combination with clini-
cal judgment in this population.

As discussed above, the primary care provider who is treating a lung transplant 
recipient with suspected CAP should contact the patient’s lung transplant specialist. 
Lung transplant recipients may be at risk for opportunistic infections and resistant 
bacteria, may already be receiving macrolides chronically for anti-inflammatory 
therapy, and may need an expedited evaluation for rejection.

Infection with mycobacterium, including Mycobacterium tuberculosis, mycobac-
terium avian complex (MAC), and other non-tuberculous mycobacterial (NTM) 
species, is an important diagnostic consideration in the solid organ transplant recipi-
ent who presents with subacute to chronic onset of respiratory symptoms. The inci-
dence of pulmonary tuberculosis (TB) in solid organ transplant recipients depends 
on the incidence in the general population, epidemiologic risk factors, and new or 
ongoing TB exposures [38]. The frequency of active TB among solid organ trans-
plant patients is estimated to be 20–74 times higher than the general population, with 
higher prevalence rates in endemic areas [39]. Rates of active TB are highest in lung 
transplant patients compared to other solid organ transplant recipients. Approximately 
two-third of active TB infections occur within the first post- transplant year, with the 
majority reflecting reactivation of prior disease [40]. All solid organ transplant recip-
ients should undergo TB testing prior to transplantation to identify cases of latent 
tuberculosis infection (LTBI); however, not all LTBI may be identified due to anergy 
with end stage organ failure [41]. One-third to one-half of all cases of active TB in 
solid organ transplant recipients are disseminated or occur at non-pulmonary sites—
thus primary care providers must maintain a high index of suspicion for pulmonary 
as well as disseminated disease. Active pulmonary TB in solid organ transplant 
recipients may manifest with non-specific symptoms such as fevers, weight loss, and 
fatigue, as well as productive cough, hemoptysis, and dyspnea. If the physician sus-
pects pulmonary TB, standard TB evaluation should be pursued with a chest X-ray 
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and sputum samples sent for acid- fast bacilli (AFB) staining and culture. Primary 
care providers should communicate with an infectious disease specialist and a pul-
monologist to determine if more invasive diagnostic testing is warranted and to 
determine a treatment course if pulmonary TB is identified. Importantly, treating 
pulmonary TB in solid organ transplant recipients requires medication adjustment to 
avoid interactions between rifamycins and calcineurin inhibitors [41].

In comparison to pulmonary TB, NTM infections in solid organ transplant recipi-
ents typically occur later in the post-transplant course. However it is important to 
note that these infections have been described in the days to months after transplant 
as well [42]. NTM infections involve the lung in more than 50% of cases, with heart 
and lung transplant recipients being more susceptible than kidney and liver trans-
plant recipients [2]. Manifestations of respiratory NTM infections include pulmo-
nary infiltrates, solitary pulmonary nodules, abscesses, and cavitary lesions. 
Symptoms of pulmonary NTM infections are non-specific and may include chronic 
cough, sputum production, and less often, hemoptysis. Importantly, systemic symp-
toms such as fever and night sweats, may not be present [43]. In solid organ trans-
plant recipients with suspected NTM infection, a pulmonologist should be involved 
early to help direct the evaluation, which may include bronchoscopy and requests for 
special staining, culture, and histopathology. While these pathogens are less common 
than other bacterial and viral causes of respiratory infection in solid organ transplant 
patients, they are important diagnostic considerations due to difficulty in making the 
diagnosis, the need for long-term, multi-drug antibiotic regimens, and potential inter-
action of these antibiotics with drugs used for immunosuppression [44].

 Fungal Pneumonia

Invasive fungal pneumonia, particularly with Aspergillus species, is of concern in solid 
organ transplant recipients and disproportionately affects lung transplant recipients, 
with complicated infections affecting up to 13% of patients [45]. As opposed to the 
rapid symptom onset characteristic of viral or bacterial pneumonia, respiratory illness 
due to fungal infection usually develops over weeks or even months. Additionally, the 
incidence of invasive fungal infections is higher 6–12 months after transplant and mold 
infections, such as invasive aspergillosis, often occur >1 year after transplant [19]. Solid 
organ transplant recipients are also at higher risk for infection with endemic mycoses, 
including histoplasmosis, coccidioidomycosis, and blastomycosis, and providers 
should take a thorough travel history to assess risk of these infections [46]. Finally, 
invasive candidiasis is an important cause of infection in the solid organ transplant 
recipient, though it presents less commonly as pneumonia [2]. Diagnosis and treatment 
of invasive fungal pneumonia require the assistance of an infectious disease specialist 
or a pulmonologist and are often performed in the inpatient setting—thus early recogni-
tion by the primary care provider and coordinating early with specialty care are critical.

Pneumonia due to Pneumocystis jirovecii peaks during the first 6 months after trans-
plantation when immunosuppression is highest. Additional risk factors include 
increased intensity of immunosuppression (as occurs with treatment of rejection 
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episodes), inadequate adherence to prophylaxis, a history of CMV viremia, and lung 
transplantation which confers a sustained increase in risk compared to other organ 
transplants, leading to lifelong prophylaxis for most lung transplant recipients. 
Pneumocystis jirovecii pneumonia is typically acute or subacute in onset; however, 
compared to patients with HIV infection, the time course of disease presentation in 
solid organ transplant recipients may be more rapid. Clinicians should have a high index 
of suspicion for Pneumocystis jirovecii infection in solid organ transplant recipients 
who present with hypoxemia out of proportion to radiologic findings, particularly in 
patients who are no longer taking or who are not adherent to Pneumocystis jirovecii 
prophylaxis.

Pneumocystis jirovecii pneumonia may be diagnosed either by performing 
immunofluorescence on sputum samples or lower respiratory secretions. Compared 
to HIV-infected individuals, solid organ transplant recipients may have lower bur-
den of organisms thus reducing the sensitivity of microscopy. PCR may be used as 
an alternative means to make a diagnosis of Pneumocystis pneumonia if the index 
of suspicion is high, though it does not reliably exclude airway colonization in the 
solid organ transplant population [47]. While evaluation for Pneumocystis pneumo-
nia can be performed as an outpatient if the patient is stable and resources are read-
ily available, often the patient will require admission for a more expedient workup, 
including evaluation for other causes of respiratory illness. Treatment with 
trimethoprim- sulfamethoxozole (TMP-SMX) is the preferred course of therapy. 
Low-dose daily prophylaxis with TMP-SMX, if tolerated, has the additional benefit 
of helping to prevent infection with Toxoplasma and Nocardia species, as well as 
other common causes of urinary and respiratory tract infections [19].

 Gastrointestinal Infections

Case
A 54-year-old woman with a history of kidney transplantation presents with 
3 weeks of diarrhea and decreased appetite. She has 3–5 loose stools daily 
without hematochezia, melena, or change in frequency or severity. Her immu-
nosuppression medication dosing and adherence have not changed. She has 
no recent travel or change in diet or water sources. Her CMV serostatus is 
D+/R-. On exam, she has normal vital signs, is not orthostatic, and has a nor-
mal abdomen exam. What is the next appropriate step in her care?

Comment: This patient appears to be clinically stable, and it may be fea-
sible to continue her evaluation as an outpatient. Initial testing should include 
kidney function, complete blood counts, a serum CMV PCR, and stool testing 
for enteric pathogens. Initial stool testing at a minimum should include com-
mon bacterial enteric pathogens and Clostridioides difficile PCR. Depending 
on a patient’s known exposures and clinical course, testing for norovirus and 
parasitic infections such as cryptosporidium and giardia may be tested up 
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In solid organ transplant recipients, the most common presentation of gastroin-
testinal infections is diarrhea, and it affects 20–50% of patients. The Infectious 
Disease Society of America (IDSA) defines diarrhea as >3 soft or loose stools per 
day. Acute diarrhea is present for <14 days, persistent diarrhea for 14–29 days, and 
chronic diarrhea for >30 days. Risk factors for diarrhea in solid organ transplant 
recipients include being female, using tacrolimus or tacrolimus plus mycopheno-
late [48].

 Differential Diagnosis of Infectious Causes of Diarrhea

The causes of diarrhea in solid organ transplant recipients is similar to that of the 
general population, including non-infectious and infectious etiologies. As in immu-
nocompetent populations, norovirus, food-borne bacterial and viral illness, medica-
tions, and Clostridioide difficile (Cdiff) are common. However, solid organ 
transplant recipients are more likely to have opportunistic infections and more likely 
to have persistent infectious diarrhea.

 Diagnostic Considerations

A good history is important when assessing diarrhea in solid organ transplant 
recipients. Fever more commonly indicates a viral, or invasive bacterial etiology, 
and rarely is caused by parasitic infections. Blood in the stool can be caused by 
invasive bacterial infections, cytomegalovirus (CMV) or Entamoeba. Watery 
diarrhea with or without emesis suggests viral or medication-induced diar-
rhea [48].

front or, if deferred, then tested if initial testing results return negative and the 
patient continues to have symptoms. Modern stool “multiplex” panels often 
include bacterial, viral, and parasitic testing in a single specimen and may be 
sent initially, if available.

Non-infectious causes of diarrhea should also be considered. (See below 
as well as Chap. 9). If the above infectious testing is negative, consultation 
with an infectious disease or gastroenterology specialist familiar with solid 
organ transplant recipients should be sought, as additional tests, including 
endoscopy, should be considered. If she develops new or worsening symp-
toms, she will likely require an emergency department evaluation and consid-
eration for expedited workup.
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In both immunosuppressed and immunocompetent patients, fecal studies have a 
low overall diagnostic yield, but are often a necessary part of the evaluation. The 
American Society of Transplantation Infectious Diseases Community of Practice 
recommends a tiered approach to testing for solid organ transplant recipients pre-
senting with diarrhea (Fig. 8.1) [48, 49]. Initial recommendations including stop-
ping any non-immunosuppressive medications that could contribute to diarrhea and 
performing bacterial stool culture or, if available, stool multiplex polymerase chain 
reaction (PCR), Cdiff stool PCR, and serum CMV PCR or nucleotide acid 
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by qPCR/NAT
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IV ganciclovir

Perform colonoscopy
with biopsy if no
response to anti-CMV
therapy

Stool Norovirus or
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Rehydration
Anti-motility agent
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Breathe Test
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Fiuoroquinolone, or
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clavulanate

Treat with
appropriate ant-
protozoan
medications

O&P, or
Giardia/
Cryptosporidium Testing
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may cause diarrhea

Diarrhea in a SOT Recipient
(> 3 stools per day, soft or liquid)
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Treatment based
on pathogen
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Second Tier Microbiologic Testing:
      1. Norovirus or Viral PCR (Stool)
      2. Ova and Parasite evaluation (stool)
      3. Giardia and Cryptosporidium EIA (Stool)
      4. Breath test for bacterial overgrowth
          (14C-glycocholic acid or D-xylose)
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      �  Reduce dose or change to different agent
      2.  Colonoscopy +/-EGD
  �  Especially if concern for PTLD, GVHD,
           IBD, Mycobacterial infection or poor
           response to anti-CMV therapy
      3. Empiric therapy with probiotic or anti-
           motility agents
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First Tier Microbiologic Testing:
      1.  C. difficile PCR (Stool)
      2.  CMV qPCR/NAT (Serum/Blood
      3.  Bacterial culture or PCR for
           bacterial pathogen detection
           (Stool)
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           pathogens
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Fig. 8.1 Diagnostic approach to diarrhea in solid organ transplant [48]. (From Angarone, et al. 
[48] Reprinted with permission)
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amplification test (NAAT). If diarrhea persists and an etiology is not identified, then 
additional testing should be considered for norovirus, ova and parasites, giardia 
stool enzyme-linked immunosorbent assay (EIA), cryptosporidium stool EIA, as 
well as considering a breath test for small intestine bacterial overgrowth (SIBO). If 
the diarrhea persists and an etiology is still not obtained, then these guidelines rec-
ommend considering discussing a potential adjustment in immunosuppressive med-
ications that may be contributing to diarrhea, as well as colonoscopy, upper 
endoscopy, evaluation for malabsorption, and empiric treatment with antimotility 
agents or probiotics [48].

This algorithm should be adjusted for local epidemiology, the overall clinical 
likelihood of infectious versus non-infectious cause of diarrhea, the severity of a 
patient’s presentation, the pattern of diarrhea (duration, relationship with intake), 
and the availability of a stool multiplex assay (which often tests for bacterial patho-
gens, norovirus, rotavirus, cryptosporidium, giardia, and Cdiff). For further discus-
sion, see Chap. 9.

 Specific Etiologies

Clostridiodes difficile (Cdiff) is a spore-forming anaerobic bacterium that 
causes infectious diarrhea in solid organ transplant recipients on the order of 
1–33% depending on the type of transplant, with lowest incidence in renal trans-
plant recipients and highest in multiorgan or heart/lung transplant recipients 
[50]. Cdiff infection occurs most frequently in the immediate post-transplant 
period; however, solid organ transplant recipients are at increased longitudinal 
risk. Antibiotics, notably penicillins, cephalosporins, clindamycin, and fluoro-
quinolones, increase risk of Cdiff infection, especially if there are multiple or 
prolonged courses. Specific risk factors for Cdiff in solid organ transplant recipi-
ents include age >55, repeat transplantation status, liver transplant, and treatment 
using anti-thymocyte globulin [48]. In solid organ transplant recipients who 
develop Cdiff infections, 5–16% will have a fulminant infection and the mortal-
ity rate is 2.3–8.5% [48, 50]. Cdiff is also known to increase morbidity in other 
infections including CMV and pneumonia, as well as cause organ dysfunction 
and longer hospital stays.

Diagnosis of Cdiff infections is based on both clinical and laboratory data. 
There is an increasing number of people who are colonized with Cdiff, and no 
current laboratory tests can distinguish between colonization and infection. 
Hence, the diagnosis of Cdiff is made when a patient experiences new onset or 
unexplained, clinically significant (3 loose stool/day) diarrhea in the presence of 
laboratory confirmation of free Cdiff toxin (toxin A or B via EIA), or toxigenic 
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Cdiff bacteria (Cdiff NAAT) in the stool. In the 2019 American Society of 
Transplantation Community of Practice guidelines for Cdiff in solid organ 
transplant recipients, additional recommendations include not automatically 
repeating negative Cdiff tests, and not “testing for cure” after an infection. 
Uncommonly, Cdiff may present without diarrhea, and this infection should be 
also considered in solid organ transplant recipients who present with fever, leu-
kocytosis, abdominal pain, and ileus. If there is negative Cdiff standard testing 
and a high clinical suspicion for Cdiff infection, then further workup should be 
considered, including abdominal/pelvic CT imaging, colonoscopy, and repeat 
standard testing [50].

Treatment of Cdiff is similar in solid organ transplant recipients and immune 
competent patients. Treatment as of 2018 IDSA guidelines no longer uses metro-
nidazole. First-line treatment is vancomycin 125  mg PO Q6H or fidaxomicin 
200 mg BID × 10 days. Fulminant Cdiff, characterized by hypotension, ileus, or 
megacolon, will be managed inpatient, and is treated with vancomycin 500 mg PO 
Q6H plus metronidazole 500 mg IV Q8H, +/− rectal vancomycin, and possible 
surgery consultation. In patients with hypogammaglobulinemia (tested with quan-
titative immunoglobulins), treatment with IgG may reduce the risk for recurrent 
Cdiff infection [48]. Solid organ transplant recipients have an 8–16% risk for 
relapsing Cdiff infections. Treatment of recurrent Cdiff infections is well described 
in IDSA guidelines and includes fidaxomicin, tapering or pulsed courses of van-
comycin, or vancomycin followed by rifaximin. Bezlotoxumab (10 mg/kg IV) is 
a human monoclonal antibody targeting Cdiff toxin B. The 2019 guidelines rec-
ommend consideration for its use in first infections and recurrences to prevent 
recurrent Cdiff infections [50]. Transplant infectious disease and/or gastroenterol-
ogy specialists should be involved in the care of solid organ transplant recipients 
with recurrent Cdiff.

Fecal microbiota transplant (FMT) has been used in immunosuppressed and 
solid organ transplant recipients in limited studies. In immunosuppressed 
patients, cure rates range 78–89% but with 15% experiencing serious adverse 
events which included hospitalizations and 2 deaths [48]. A single-center study 
of 94 solid organ transplant recipients with recurrent Cdiff (78%) or severe ful-
minant Cdiff (22%) found an overall cure rate of 91% with FMT, and a 3-month 
primary cure rate of 58.7%. Adverse events were experienced in 22% consisting 
of mostly self-limited diarrhea, abdominal pain, FMT-related diarrhea. However, 
3.2% experienced severe adverse events including 2 hospitalizations for flare of 
inflammatory bowel disease (IBD). The same study found that in solid organ 
transplant recipients with IBD, 25% experienced post FMT IBD exacerbations. 
In CMV-seropositive patients, 14% experienced reactivation of CMV after 
FMT. Notably, patients in the study also experienced severe complications of the 
Cdiff infection itself including death [51]. Based on this study, 2019 guidelines 
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recommend FMT for recurrent Cdiff infections in solid organ transplant recipi-
ents [50]. Given these potential risks, it is advisable to consult a transplant infec-
tious disease specialist when considering FMT.

Cytomegalovirus (CMV) is a double-stranded DNA virus that is part of the 
herpes virus family. It has varying gastrointestinal manifestations that can include 
esophagitis, gastritis, enteritis, colitis, and typically presents with diarrhea, 
abdominal pain, and fever. It can also cause hepatitis, cholangitis, and pancreati-
tis. Solid organ transplant recipients are at highest risk for CMV infections when 
the donor’s serostatus is positive and recipient’s serostatus is negative. Other risks 
include the degree of immunosuppression, acute rejection, advanced age, allograft 
dysfunction, and the type of transplant, with renal transplants being of highest 
risk [48].

As per the guidelines for work-up of diarrhea in solid organ transplant recipi-
ents, serum CMV testing with either PCR or quantitative nucleic acid amplifica-
tion testing (QNAT) is a first-line test. There are some data that suggest a stool 
CMV PCR may be highly specific (but not sensitive), but this test is not widely 
available [52]. Older (2013) guidelines recommend quantitative nucleic acid 
amplification testing (QNAT) for both diagnosis and monitoring of CMV infec-
tions, although this test has largely been supplanted by PCR, if available. The 
pp65 CMV antigenemia test has historically been used for diagnosis and moni-
toring of CMV infections but is less standardized and more labor-intensive. 
Repeat serological testing is not needed after transplant, though it can help with 
determining susceptibility to community- acquired CMV infections in CMV-
negative recipients. Viral culture of the blood and urine have poor sensitivity and 
specificity, respectively. Tissue invasive disease is diagnosed via CMV inclusion 
bodies or CMV antigens detected via immunohistochemistry on biopsy speci-
mens obtained during colonoscopy/endoscopy. Tissue cultures and QNAT can be 
difficult to interpret as both infection and shedding can create positive results but 
may have a limited role in diagnosis [34]. Tissue diagnosis via colonoscopy 
should be pursued if needed to confirm the diagnosis even with a positive change 
in serum PCR (e.g., if there are competing diagnoses, or the patient tolerates 
anti-CMV therapy poorly, or if empiric therapy against CMV was attempted and 
the patient did not respond), or if the serum CMV PCR is negative but the clinical 
suspicion of CMV gastrointestinal disease is still high.

Solid organ transplant recipients with CMV gastrointestinal disease should receive 
consultation with an infectious disease specialist. Initial treatment is with oral valgan-
ciclovir, whereas IV ganciclovir is used for more life-threatening cases. Renal func-
tion must be monitored carefully, and doses adjusted accordingly. Treatment duration 
is dependent on weekly CMV viral loads. Recommendations are for 1–2 consecutive 
negative viral loads with a minimum treatment duration of 2 weeks. Failure to improve 
viral loads with therapy over the course of 6 weeks should raise the suspicion for drug 
resistance. Foscarnet is used if there is concern for resistance, and dose reduction or 
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changes to immunosuppressive medications may be necessary. In some cases, geno-
type testing for resistance has a role [34]. After treatment, there is no evidence for 
benefit of secondary prophylaxis of CMV to prevent recurrent infections.

Norovirus is a single-stranded RNA virus that causes 90% of non-bacterial diarrhea, 
resulting in 19–21 million cases per year in the United States. Routes of infection include 
fecal/oral, inhalation of aerosolized emesis, or direct contact. Most immunocompetent 
people experience a self-limited acute diarrhea followed by up to 2 weeks of asymptom-
atic shedding. While some solid organ transplant recipients may present similarly, sev-
eral studies suggest that chronic diarrhea is also a common presentation [53–55].

Norovirus in solid organ transplant recipients contributes to dehydration, renal 
insufficiency, graft dysfunction, and chronic diarrhea; it rarely causes mortality. 
Treatment is supportive and focuses heavily on rehydration and anti-motility agents. 
Reducing immunosuppressive medications has not improved the recovery for noro-
virus chronic diarrhea.

Other important causes of infectious diarrhea in solid organ transplant recipi-
ents include parasitic infections. Parasitic infections beside Entamoeba and giardia 
include cryptosporidium, cystoisospora, cyclospora, and microsporidium. 
Cryptosporidium is a water-borne parasite, which has been known to infect immu-
nosuppressed and solid organ transplant recipients in epidemic outbreaks from envi-
ronmental exposures. Avoidance of exposure to water sources that could be 
contaminated by waste products should be encouraged for all solid organ transplant 
recipients [56].

The COVID-19 (SARS-CoV-2) virus may present with gastrointestinal symptoms, 
including diarrhea. This emerging pandemic virus should be considered in the differ-
ential diagnosis of diarrhea in a solid organ transplant recipient, depending on local 
epidemiology and public health guidelines. The presentation, testing strategies, and 
treatment for solid organ transplant recipients with COVID-19 infections continues to 
be evaluated at the time of this book’s publication. Transplant infectious disease spe-
cialists should be consulted when considering COVID-19 in a solid organ transplant 
recipient.

There are many non-infectious causes of diarrhea in a solid organ transplant 
recipient. Immunosuppressive and other medications commonly cause diarrhea— 
mycophenolate causes dose-dependent, direct enterocyte toxicity, while calcineu-
rin inhibitors such as tacrolimus cause diarrhea via a macrolide promotility effect. 
Calcineurin inhibitors further complicate matters when diarrhea causes dehydration, 
leading to increased calcineurin inhibitor blood levels and renal toxicity. Sirolimus 
and everolimus cause diarrhea infrequently [48]. Non-immunosuppressive medica-
tions may also cause diarrhea and a thorough medication history should be gathered. 
Less common causes include graft versus host disease (GVHD) and post- transplant 
lymphoproliferative disorder. GVHD is generally rare in solid organ transplantation 
except for in small bowel transplants. It presents with chronic diarrhea, abdomi-
nal pain, fevers, and sometimes rash. Post-transplant lymphoproliferative disorder 
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(PTLD), when it involves the gastrointestinal tract, may present with chronic diar-
rhea, weight loss, abdominal pain, gastrointestinal bleeding, and anorexia. Risk for 
PTLD, from EBV activity, is thought to increase with increased immunosuppression, 
and is highest in multiorgan and intestinal transplants, and lowest in renal and liver 
transplants. Mortality rates historically for PTLD in solid organ transplantation are 
50–70% [57]. (See Chaps. 9 and 10).

 Urinary Tract Infections

Case
A 44-year-old woman who received a deceased donor kidney transplant 
11  months ago presents with fatigue and dysuria. She was taken off of 
trimethoprim- sulfamethoxazole for PJP prophylaxis at 6  months post- 
transplant. Her post-transplant course has been complicated by a catheter- 
related UTI during her initial hospitalization, but none since. She had a 
ureteral stent post-operatively that has been removed. She has not had any 
episodes of rejection.

On exam she is afebrile, with otherwise normal vital signs. She has no 
tenderness over her transplanted kidney in the right lower quadrant, and no 
costovertebral angle tenderness. A urine dipstick is positive for leukocyte 
esterase, nitrites, and protein.

In addition to sending the urine sample for a formal urinalysis and reflexive 
bacterial culture, checking a complete blood count and chemistry panel, what 
empiric treatment should be started?

Comment:
This patient has no history of structural genitourinary tract disease, no his-

tory of resistant UTI, and no signs or symptoms concerning for a systemic 
infection. Her examination is reassuring without tenderness over her graft or 
native kidneys and she did not experience nausea or vomiting. Her diagnosis 
is consistent with a simple cystitis in a kidney transplant recipient.

Empiric therapy choices include fluoroquinolones, third-generation oral 
cephalosporins, or amoxicillin-sulbactam. Because she is past 6 months post- 
transplant, her duration of treatment can be 5–7  days. Longer treatment 
courses have not shown benefit in cases of simple cystitis. Empiric therapy 
with trimethoprim-sulfamethoxazole should be avoided given the risk for 
resistance to this antibiotic with recent use for prophylaxis. Antibiotics may 
be narrowed based on culture results.

If the patient develops fever, tenderness or pain over the allograft, flank 
pain, or vomiting, she should present to the Emergency Department as she 
may need volume resuscitation, IV antibiotics, and potentially urgent assess-
ment of her allograft.
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Urinary tract infections (UTIs) are common in solid organ transplant recipients, 
as they are in the general population. Kidney transplant recipients have higher risk 
for UTIs due to surgical manipulation of the genitourinary tract and the associated 
risk related to foreign bodies such as ureteral stents. A study of 4388 solid organ 
transplant recipients followed for at least 1 year found that UTI incidence varied 
based on the type of transplant. The overall rate of UTIs was 4.4% over the study 
period; the incidence of UTIs (expressed as the number of UTIs per 1000 transplant- 
days) was highest in kidney transplant recipients (0.45), followed by kidney-pan-
creas (0.22), heart (0.07), liver (0.06), and lung (0.02) [58]. The highest incidence 
of UTIs occur in the first 3–6 months post-transplant. Bacteremia is due to UTIs in 
over one-third (37%) of cases in kidney transplant recipients [59]. The wide preva-
lence quoted in studies of UTIs in kidney transplant recipients, 7–80%, is due to the 
lack of standardized diagnostic criteria, variable use of prophylactic antibiotics, and 
uneven follow-up duration [60].

 Risk Factors

Risk factors for UTI include demographic factors, history of genitourinary diseases, 
and transplant-specific risks. In a study of nearly 29,000 kidney transplant recipi-
ents, 17% of men and women in the first month post-transplant developed UTIs. By 
3 years after kidney transplantation, female transplant recipients experienced more 
UTIs than male transplant recipients, 60% versus 47%. Factors that increased risk 
for UTI in kidney transplant recipients were female sex, older age, indwelling cath-
eters, diabetes, neurogenic bladder, and renal calculi [61]. Specific transplant- 
related risks include ureteral stents or urological structural abnormalities, 
vesicoureteral reflux, acute cellular rejection, and deceased-donor graft. Risks for 
later-onset (>6 months post-transplant) UTIs include prednisone dose >20 mg/day 
and serum creatinine of >2 mg/dL. However, the type of long-term immunosuppres-
sive is not clearly associated with UTI risk [61].

UTIs in kidney transplant recipients result in serious health consequences. Blood 
stream infections occur in kidney transplant recipients at 40 times the annual rate of 
the general population. UTI caused 30–73% of blood stream infection in kidney 
transplant recipients and 80% of those UTIs are from gram-negative rods. In a ret-
rospective study of 116 hospitalizations for blood stream infections in kidney trans-
plant recipients, 83% occurred after the first year of transplant and 71% were 
community acquired. In this study, 57% of blood stream infectious were from a UTI 
source, followed by GI and surgical site infection sources. Sixty-five percent of 
bacteremic kidney transplant recipients developed acute kidney injury [62]. A 
4-year retrospective study of kidney transplant recipients with severe UTIs requir-
ing hospitalization found that Klebsiella and E. coli were the most common patho-
gens, and between a quarter and a third of those bacteria produced extended-spectrum 
beta-lactamase (ESBL). In these hospitalized kidney transplant recipients with 
UTIs, 41% experienced acute kidney injury, 3.6% experienced graft loss, and there 
was a 1.2% 1-year mortality [63].
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 Definitions

Clinical providers must be precise in their nomenclature when describing and diag-
nosing urinary infections. Guidelines for classification of urinary tract infections in 
kidney transplant recipients are shown in Table 8.4. Other guidelines also exist for 
urinary tract infections in solid organ transplant recipients in general, and use simi-
lar definitions [64]. Overuse of antibiotics for asymptomatic bacteriuria can be 
avoided, and appropriate therapy in the setting of complicated UTIs can be selected.

 Differential Diagnosis

Gram-negative rods (GNRs), with E. coli being most common, account for >70% of 
UTIs in solid organ transplant recipients. Enterobacteriaceae, Enterococci, 
Pseudomonas, Staphylococcus saprophyticus, Streptococcus species including 
group B or viridans can cause infections but more commonly are colonizers. Solid 
organ transplant recipients are at higher risk for MDR organisms. Less commonly 
viral and fungal urinary infection can also occur.

Table 8.4 Classification of asymptomatic bacteriuria (AB) and urinary tract infection (UTI) in 
renal transplant recipients

Classification Description

Laboratory 
investigations of 
urine

Asymptomatic 
bacteriuria

No urinary or systemic symptoms of infection >105 CFU/mL 
uropathogena b

Acute simple 
cystitis

Dysuria, urinary urgency/frequency, or suprapubic pain; 
but no systemic symptoms and no ureteral stent/
nephrostomy tube/chronic urinary catheter

>10 WBC/mm3 c

>103 CFU/mL 
uropathogenb

Acute 
pyelonephritis/
complicated UTI

Fever, chills, malaise, hemodynamic instability, or 
leukocytosis (without other apparent etiology); flank/allograft 
pain; or bacteremia with same organism as in urine
Dysuria, urgency, frequency, suprapubic pain may or may 
not be present

>10 WBC/mm3 c

>104 CFU/mL 
uropathogenb

Recurrent UTI ≥ 3 UTIs in prior 12-month period As above

Reprinted from Goldman, et al., with permission [61]
WBC white blood cell, CFU/mL colony-forming units/milliliter
aWhile routine treatment of AB is not recommended (see Treatment section), if considering treat-
ment of AB (e.g., in the immediate post-transplant period), a repeat urine culture is recommended 
(with care to minimize contamination) to assess persistence of the same uropathogen. Spontaneous 
resolution is common
bStaphylococcus epidermidis (except if ureteral stent), Lactobacillus, and Gardnerella sp. are 
unlikely to be uropathogens. Regarding CFU/mL: while most patients with UTI will have >105 CFU/
mL of a uropathogen in a midstream urine sample, some patients with pyelonephritis may have only 
104–105 CFU/ mL of a uropathogen, and some patients with cystitis may have even fewer CFU/mL 
(most data on cystitis with low CFU/mL is only for E. coli). Not all labs report <104 CFU/mL
cWhile not an absolute criteria (depending on the performance characteristics of the urinalysis or 
presence of neutropenia), <10 WBC/mm3 should prompt consideration of a diagnosis other than UTI
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 Specific Organisms

Carbapenem-resistant Klebsiella pneumonia (CRKP) and extended-spectrum beta- 
lactamase producing Klebsiella pneumonia (ESBL-KP) are concerning pathogens 
for UTIs in solid organ transplant recipients. A 2015 study of kidney transplant 
recipients with UTI found CRKP UTI were associated with ICU admissions, longer 
hospital stays, and failure of antibiotic interventions compared to susceptible kleb-
siella pneumonia UTIs [65].

More unusual pathogens include Mycobacterium tuberculosis, Salmonella, CMV, 
and adenovirus which mainly causes hemorrhagic cystitis. Corynebacterium urealyti-
cum may be a pathogen in the setting of obstructive uropathy. Rarely Mycoplasma 
hominis and Ureaplasma urealyticum can cause intra-renal or perinephric abscess or 
graft pyelonephritis in kidney transplant recipients. Staphylococcus epidermidis, 
Lactobacillus, Gardinella vaginalis are unlikely pathogens. Candida species are usu-
ally asymptomatic colonizers. Rarely, they can cause upper tract infections including 
candidemia and ureterovesicular fungal balls [61]. A urine culture with mixed flora 
represents contamination.

Special consideration should be given to BK virus in solid organ transplant 
recipients. It is a polyomavirus that is ubiquitous in the environment and causes 
both animal and human infections. The median age of infection is 4–5 years old. 
Primary infection is usually a self-limited respiratory infection and rarely presents 
as acute cystitis. BK virus develops a lifelong latency in renal cells and transi-
tional epithelial cells of the genitourinary tract. Immunosuppression triggers viru-
ria that in some cases results in invasive renal infections. In kidney transplant 
recipients, the reactivation occurs in native kidneys and can cause a high level of 
renal graft failure, as high as 50–80% within 2  years of transplant. BK virus 
nephropathy is much rarer in non- renal solid organ transplantation, although 
when it does occur it tends to lead to end stage renal disease (ESRD) and signifi-
cant mortality. The most common manifestations of BK virus reactivation infec-
tions are BK nephropathy and hemorrhagic cystitis. The gold standard for 
diagnosis of BK nephropathy is renal biopsy, although BK viral loads in the blood 
and urine as well as the presence of decoy cells (virally infected epithelial cells 
seen on cytology) assist in diagnosis and are used in screening. The key treatment 
of BK virus nephropathy/re-activation infections is reduction in immunosuppres-
sion [66].

 Diagnostic Considerations

In solid organ transplant recipients, the presentation of UTI may lack usual lower 
urinary tract symptoms such as frequency, urgency, and dysuria. Instead, symptoms 
such as fever, malaise, and non-specific sepsis symptoms as well as leukocytosis 
may be the main presentation. Because of denervation of the allograft, the trans-
planted kidney may not be tender to palpation. Pyuria >10 WBC/mL is usually 
present, and lack of pyuria in the setting of UTI symptoms should spur evaluation 
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for alternative etiologies. Notably, E. coli UTI in solid organ transplant recipients 
may only have 104 CFUs and still be considered a UTI by transplant infectious dis-
ease specialists [61].

 Therapeutic Considerations

The Infectious Disease Community of Practice of the American Society of 
Transplantation guidelines (2019) recommend the following [61]: Routine urine 
testing in asymptomatic solid organ transplant recipients should not be performed 
after the first 2 months post-transplant. In the setting of asymptomatic bacteriuria, 
the recommendation is to observe for symptoms without treatment. However, if 
there is persistent asymptomatic bacteriuria with an associated creatinine rise, there 
is a weak recommendation for treatment with antibiotics. Simple cystitis should be 
treated for 5–10  days, and never for 3  days in solid organ transplant recipients. 
Treatment of complicated UTI/pyelonephritis should be for 14–21  days with an 
effort to narrow antibiotics based on urine culture data. However, the course should 
be extended for a longer duration if source control (such as in the setting of peri-
nephric abscesses that require incision and drainage) is only achieved partway 
through the antibiotic course [61].

 Specific Treatment Recommendations by Condition

Simple cystitis should be treated empirically with fluoroquinolones, amoxicillin- 
clavulanate, or an oral third-generation cephalosporin. Providers should be wary of 
the risk for trimethoprim-sulfamethoxozole resistance in patients who have received 
this antibiotic for prophylaxis. Empiric antibiotics should be narrowed as much as 
possible based on the culture results. While 7–10 days of antibiotic therapy should 
be utilized in the first 6 months post-transplant, 5–7 days can be considered for 
simple cystitis after 6 months [61].

Pyelonephritis/complicated UTIs in stable patients can be treated with ceftriax-
one, ampicillin-sulbactam, or ciprofloxacin as long as prior cultures do not show 
antibiotic resistance. Patients with nausea and vomiting or other signs of clinical 
instability should be admitted to the hospital, and empiric therapy with piperacillin/
tazobactam, cefepime, or a carbapenem should be initiated. Detailed inpatient man-
agement is beyond the scope of this book, but in general, consultation with a trans-
plant infectious disease specialist is often indicated, as multi-drug-resistant 
organisms are increasing; the transplant team will also need to be involved, espe-
cially in severe infections (e.g., septic shock) in which reduction of immunosup-
pressive medications is recommended; and advanced imaging may be required to 
assess for upper tract disease such as renal abscess or structural abnormalities that 
could lead to obstruction in order to ensure source control. Treatment duration 
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should be 14–21 days, and antibiotics should be narrowed to reflect coverage of 
culture results [61].

For recurrent UTI treatment, interventions have not been adequately tested in 
solid organ transplant recipients. Recommendations for solid organ transplant 
recipients with recurrent UTIs are identical to those for immunocompetent patients. 
Behavioral interventions including hydration, timed voiding, front to back wiping in 
females, and avoidance of serial anal and vaginal intercourse is recommended. 
Vaginal estrogen for post-menopausal women decreased the frequency of recurrent 
UTIs from 6 in the placebo group to 0.5 per year in the treatment group. Post-coital 
antibiotics in females, and assessment for BPH with obstruction and prostatitis in 
males are also recommended. Non-antimicrobial interventions such as cranberry 
juice and probiotics are not well supported [61]. Additionally, given the higher risk 
of UTIs in the solid organ transplant population, primary care providers should 
strongly consider consultation with an infectious disease specialist.

Early postoperative infections are usually addressed by the transplant team. 
For donor-derived infections trimethoprim-sulfamethoxazole used for PJP pro-
phylaxis in the first 6–12 months will effectively serve as dual prophylaxis against 
many UTI organisms in kidney transplant recipients. One study showed a two-third 
reduction in UTIs for those receiving trimethoprim-sulfamethoxazole versus no 
antimicrobial prophylaxis. In patients who cannot tolerate trimethoprim- 
sulfamethoxazole, some authors recommend fluoroquinolones or Fosfomycin spe-
cifically for UTI prophylaxis, and guidelines are to limit such prophylaxis to the 
first post-transplant month [61].

Ureteral stents are utilized in kidney transplant recipients to reduce the risk of 
ureterovesicular anastomosis stenosis. However, ureteral stents may increase the 
risk for UTI, and they are typically removed within 2 weeks of transplantation to 
decrease the risk for UTI [61].

 Infections of the Central Nervous System

Case
A 45-year-old man who underwent liver transplant 18 months prior is brought 
to the primary care clinic by his family who is concerned about confusion. 
They noticed that he has become progressively more confused and fatigued 
over the last 10 days. They note word-finding difficulties, trouble remember-
ing the names of his children, and being confused about the time of day. He 
has been sleeping more and taking naps in the afternoon, which is unusual for 
him. Yesterday morning, he began complaining of a headache, and this morn-
ing he was difficult to rouse from sleep. In the office, his temperature is 
38.1 °C, heart rate 92, blood pressure 104/54, respiratory rate 16, and oxygen 
saturation 98% on ambient air. He is sleepy but arousable and able to 
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Infections of the central nervous system (CNS) are less common in solid organ 
transplant recipients than in prior years due to more tailored immunosuppressive 
regimens and routine surveillance. The current incidence of opportunistic CNS 
infections in this population is estimated to be 1–2%, down from 7% in previous 
studies [67]. However, CNS infections remain a significant cause of morbidity for 
solid organ transplant recipients, with some studies suggesting mortality rates as 
high as 44–77% [68]. Further, mortality rates with CNS fungal infections after solid 
organ transplantation may be as high as 90% percent. Solid organ transplant recipi-
ents may not present with typical symptoms of CNS infection, and therefore clini-
cians should have a high index of suspicion in a patient with fever, headache, and/
or altered mental status [68]. Like most infectious complications in solid organ 
transplant recipient, the risk for different CNS infections varies according to time 
after transplantation (See Tables 8.1 and 8.5) [69].

 Diagnostic Considerations

A solid organ transplant recipient with onset of fever and altered mental status 
should undergo a rapid evaluation including CBC, peripheral blood cultures, and a 
lumbar puncture (LP) to evaluate for CNS infection. Diagnostic studies from the LP 

participate in conversation; however, he cannot recall the events of the last 
week and thinks the year is 1958. His strength, reflexes, and a limited cranial 
nerve examination of the pupils, extraocular movement, facial and orophar-
ynx motor function is normal.

Comment:
This patient is presenting with acute to subacute onset of altered mental 

status accompanied by a low-grade fever. In a solid organ transplant recipi-
ent, these symptoms should prompt immediate referral to the emergency 
department for rapid evaluation and treatment. While the neurologic symp-
toms may be nonspecific, the possibility of meningoencephalitis must be con-
sidered in this population. In this case, the duration of symptoms is longer 
than what would be expected for bacterial meningitis; however, meningoen-
cephalitis due to a fungal pathogen, such as cryptococcus, is of high concern.

This patient should undergo immediate testing in an emergency setting, 
including complete blood counts, basic chemistries, neuroimaging with con-
trast, and a lumbar puncture (LP). Cerebrospinal fluid should be sent for cell 
count with differential, glucose, protein, bacterial cultures, fungal cultures, 
PCR for herpes viruses (HSV, VZV, EBV, CMV), and cryptococcal antigen. 
Although this patient’s presentation is less consistent with bacterial meningi-
tis, empiric antibiotic therapy should be started while awaiting laboratory 
data. Infectious disease specialists should be consulted early to guide addi-
tional evaluation and management.
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should include cell count, glucose, total protein, gram stain and bacterial culture, 
and measurement of the opening pressure [70]. For most solid organ transplant 
recipients undergoing evaluation for CNS infection, the CSF should also be sent for 
viral PCR including enteroviruses, HSV, VZV, EBV, and CMV. If there is concern 
for a fungal etiology, providers should consider sending a CSF cryptococcal antigen 
and India ink staining for Cryptococcus [71].

Solid organ transplant recipients are at higher risk for development of bacterial 
or fungal brain abscesses than immunocompetent hosts. Any solid organ transplant 
recipient presenting with cranial nerve deficits requires urgent brain imaging [71]. 
A space-occupying lesion identified on brain imaging in a solid organ transplant 
recipient warrants immediate neurosurgical and infectious disease consultation to 
direct additional evaluation and consideration of early treatment. In the case of a 
space-occupying lesion, the decision to pursue an LP is done in conjunction with 
radiology, neurosurgery, or infectious disease, depending on the resources available, 
due to the concern for herniation if the intracranial pressure is elevated. If analysis 
of the CSF is unrevealing for patients with a space-occupying lesion, brain biopsy 
with pathologic examination may be indicated.

 Bacterial Infections of the CNS

There is a sevenfold increase in the incidence of bacterial meningitis among solid 
organ transplant recipients compared to the broader population [72]. Patients after 
solid organ transplantation who develop bacterial meningitis may not manifest typi-
cal symptoms of high fevers and meningismus due to impaired inflammatory 

Table 8.5 Common CNS infections in solid organ transplant recipients by time since 
transplantation

Time course Infections Special considerations

Initial 30 days 
post-transplant

Pre-transplant colonization
Donor-derived infections
Nosocomial infections (MRSA, 
Candida species, Aspergillus 
species

Viral prophylaxis in the immediate 
post-transplant period makes reactivation 
of viral infections less likely

1–6 months 
post-transplant

Opportunistic infections 
(Nocardia, Listeria, 
Toxoplasmosis, endemic mycoses)
Reactivation of viral infections 
(EBV, VZV, HSV, CMV, HHV-6)

Viral prophylaxis often decreases 
3–6 months after transplant, increasing 
risk for reactivation syndromes

>6 months 
post-transplant

Opportunistic infections 
(Nocardia, Listeria, Cryptococcus, 
Aspergillus)
Community-acquired infections
Reactivation of previous 
infections (Herpes viruses, JC 
virus)

Incidence of opportunistic fungal CNS 
infection is highest >12 months after 
transplant

Reprinted with permission from Pizzi et al. [68] with special consideration comments added
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response from immunosuppressing medications [68]. Solid organ transplant recipi-
ents are also at higher risk of CNS infection with opportunistic bacteria including 
Nocardia spp, Mycobacterium, and Listeria spp. These infections often begin as a 
respiratory illness and result in meningitis due to hematogenous spread of the organ-
ism [72].

If there is concern for bacterial meningitis, the solid organ transplant recipient 
should be evaluated in an emergency department or inpatient setting to undergo lum-
bar puncture and rapid administration of antibiotics until diagnostic studies return. 
Of note, solid organ transplant recipients with significant bacterial CNS infections 
may have a lower pleocytosis than immunocompetent hosts on evaluation of the 
cerebral spinal fluid (CSF), so providers should have a low threshold to administer 
antibiotics until further consultation with an infectious disease specialist is available.

 Viral Infections of the CNS

Viral infections of the CNS most commonly present 1–6 months after transplanta-
tion. Herpes viruses are the most common causes of viral CNS infection in solid 
organ transplant recipients, including VZV, HSV, CMV, EBV, and HHV-6 [68]. 
Patients may present with symptoms of either a meningitis or encephalitis. A solid 
organ transplant recipient who presents with altered mental status, personality 
changes, seizures, or speech or gait disturbance should be evaluated for viral 
encephalitis with lumbar puncture and PCR-based assays on the CSF. As with bac-
terial infections, evaluation will typically require an emergency department evalua-
tion and likely hospitalization.

EBV rarely causes encephalitis but is associated with post-transplant lymphop-
roliferative disorder (PTLD) in the CNS [72]. While more commonly seen in 
patients receiving immunomodulating drugs for rheumatologic or neurologic dis-
ease, infection with JC virus can cause progressive multifocal leukoencephalopathy 
(PML) in solid organ transplant recipients late in the post-transplantation course [2].

 Fungal Infections of the CNS

Infection with cryptococcus is by far the most common cause of fungal meningitis 
and meningoencephalitis in patients after solid organ transplantation. The onset of 
cryptococcus infection is late in the post-transplant course, often occurring 
16–21 months after transplantation [71]. Cryptococcus infection occurs after inha-
lation through the respiratory tract and is typically thought to represent reactivation 
of the infection in immunocompromised hosts, although primary infections do 
occur. Importantly, fever is present only 50% of the time in solid organ transplant 
recipients with cryptococcus meningoencephalitis. Testing for cryptococcus anti-
gen in the CSF and the serum is the gold standard for diagnosing cryptococcus 
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infection and is more commonly used in institutions across the United States than 
India ink testing. Treatment regimens vary and may involve induction therapy for 
2 weeks with liposomal amphotericin B and flucytosine, followed by consolidation 
therapy with fluconazole for 8 weeks, and finally a lower dose maintenance regimen 
of fluconazole for an additional 6–12 months [71].

Aspergillus is the most common fungal etiology causing cerebral abscesses in 
solid organ transplant recipients [2]. Mortality for solid organ transplant recipients 
with aspergillus abscesses is greater than 50%, even with voriconazole or ampho-
tericin B treatment. Providers should also be aware that Toxoplasma gondii, a para-
sitic infection, may cause brain abscesses in solid organ transplant recipients and 
requires prolonged antimicrobial therapy [70].

 Skin and Soft Tissue Infections

Case
A 67-year-old patient with history of kidney transplantation presents to the 
primary care clinic with 4 days of worsening erythema, edema, and pain of 
the right lower extremity. The patient first noticed erythema and swelling 
around his great toe, which progressed to the foot and then the lower leg in the 
following days. Yesterday evening, he had trouble going to sleep due to pain. 
He does not have fever or chills. He had no trauma to the foot and does not 
walk barefoot. On exam, he is afebrile and vital signs are normal. His right 
lower extremity has erythema and edema extending from the distal foot up the 
knee, with increased erythema and induration medially compared to laterally. 
There are no areas of purulence or fluctuance. There is dryness and cracking 
of the skin between his toes with evidence of tinea pedis. There is no pain in 
the joints of the ankle or foot with range of motion.

Comment:
This patient has uncomplicated cellulitis of the lower extremity. There are 

no signs of systemic infection and no areas of purulence. He likely developed 
a bacterial superinfection of his foot due to underlying tinea pedis, which 
causes skin breakdown and creates a portal of entry for skin flora. A swab for 
bacterial culture is only indicated if purulence is present; in the absence of 
purulence, a skin culture is not helpful due to contamination from skin flora. 
In the absence of purulence or signs of an abscess, empiric treatment should 
be tailored to cover Streptococcus species and methicillin-sensitive S. aureus 
(MSSA). If there are areas of purulence, the antibiotic spectrum should be 
extended to cover methicillin-resistant S. aureus (MRSA); common regimens 
include a first-generation cephalosporin combined with antibiotic active 
against MRSA including doxycycline, trimethoprim-sulfamethoxazole, or 
clindamycin. When considering antibiotics in a solid organ transplant 
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Skin and soft tissue infections (SSTIs) are extremely common in solid organ 
transplant recipients due to ongoing immunosuppression and may affect up to 
20% of patients at some time in the post-transplant period [73]. Similar to immu-
nocompetent hosts, SSTIs in solid organ transplant recipients may be caused by 
bacteria, mycobacteria, fungi, viruses, and parasites, although immunocompro-
mised individuals are more susceptible to severe morbidity and mortality. 
Common skin infections may present atypically in solid organ transplant recipi-
ents because of defects in cellular and humoral immunity and may reflect either 
localized or disseminated disease. When assessing SSTIs in solid organ transplant 
recipients, providers should use a similar approach to evaluation and management 
of SSTIs in immunocompetent hosts, first determining if the lesion is purulent or 
non-purulent (see Fig. 8.2) as this directs initial diagnostic and management strat-
egies. In immunosuppressed hosts, cutaneous lesions are commonly vesicular, 

recipient, drug interactions should be checked, as well as dose adjustment for 
chronic kidney disease, a common metabolic complication. If an abscess is 
present, it should be treated with incision and drainage as well as an antibi-
otic active against MRSA.  Cellulitis may be treated for a little as 5  days 
though the treatment course may be extended up to 14 days, depending on the 
individual and degree of improvement.

Signs of systemic infection from a skin and soft tissue infection should 
prompt immediate referral to the emergency room for laboratory evaluation, 
blood cultures, imaging, and possible surgical consultation. If there is 
concern for concomitant deep vein thrombosis, then venous duplex imaging 
should be obtained.

Skin and Soft Tissue Infectios

Purulent
Furuncle /carbuncle/abscess

Mild

I&D

Moderate/severe

I&D
Culture and sensitivity Emergent surgical

debridement AND
broad-spectrum

empiric antibiotics

Necrotizing 
Necrotizing fasciitis/pyomyositis

Non-necrotizing
Cellulitis/erysipelas

Non-purulent

Antibiotic therapy
based on local

epidemiology and
antibiogram

Antibiotics tailored to
culture results OR
empiric antibiotics

based on local
epidemiology and

antibiogram (include
MRSA coverage)

Fig. 8.2 Evaluation and management of skin and soft tissue infections
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nodular, or ulcerative, and the patient’s travel and exposure history becomes criti-
cally important in driving the differential diagnosis. Other, non-infectious diag-
nostic considerations for skin findings in a solid organ transplant recipient include 
drug eruptions, erythema multiforme, Sweet syndrome, and underlying malig-
nancy [74].

 Diagnostic Considerations

Appropriate diagnostic evaluation of SSTIs in solid organ transplant recipients 
depends on the appearance of the skin lesion, concern for disseminated disease, and 
the patient’s exposure history. If the lesion is purulent, providers should have high 
suspicion for typical or atypical bacterial infection and should obtain a swab of the 
purulent material to send for gram stain and bacterial culture. While non-bacterial 
pathogens can cause purulent-appearing lesions, bacterial culture is the most appro-
priate first step. Blood cultures are rarely indicated in the evaluation of SSTI except 
when fever is present, in patients who use recreational injection drugs, and patients 
presenting in shock. When there is concern for disseminated infection either because 
of the presence of systemic symptoms or multiple similar-appearing cutaneous 
lesions at distant sites, providers should consider ordering both bacterial and fungal 
blood cultures. Vesicular lesions should be unroofed with samples sent for viral 
PCR to detect infection with herpes simplex virus (HSV) or varicella zoster virus 
(VZV) infection. Nodules or ulcerative lesions, either solitary or grouped, may be 
difficult to identify by visual inspection alone and referral to a surgeon or derma-
tologist for skin biopsy may be indicated. Tissue specimens should be sent to both 
the microbiology lab for culture and the pathology lab for histologic evaluation [74, 
75]. Special stains and culture media may be required depending on the exposure 
history and differential diagnosis; primary care providers should communicate early 
with an infectious disease specialist and a dermatologist to ensure that appropriate 
testing is performed.

 Cellulitis and Abscesses

Cellulitis remains the most common clinical SSTI syndrome with an incidence of 2 
cases per 1000-patient years. Cellulitis is a non-necrotizing, superficial skin infec-
tion involving the epidermis and dermis. Immunosuppression is an important risk 
factor for SSTIs; risk increases when other conditions are present including chronic 
skin inflammation, poor venous or lymphatic circulation, diabetes mellitus, and 
obesity [75]. Furuncles, carbuncles, and cutaneous abscesses represent isolated col-
lections of pus in the dermis and deeper tissues that require incision and drainage to 
fully control the source of infection. Abscesses typically present as tender, erythem-
atous, indurated nodules, often with fluctuance and surrounding skin erythema [76]. 
Cellulitis and abscesses are not distinctly different entities in solid organ transplant 
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recipients compared to immunocompetent hosts. The most important principles in 
diagnosis include vigilance when assessing possible cutaneous infection, under-
standing that the syndromes may present more subtly in solid organ transplant 
recipients and may progress more rapidly than in immunocompetent individuals.

Beta-hemolytic streptococci remain the most common cause of cellulitis in 
immunocompetent and immunocompromised hosts, followed by community- 
acquired S. aureus, including MRSA.  In some studies, S. aureus (MSSA and 
MRSA) is the predominant pathogen involved in purulent cellulitis and remains the 
leading causes of SSTIs overall, especially in cases involving abscesses [76].

Other pathogens, including GNRs, are encountered less frequently and most 
often in the setting of bacteremia. Infection with atypical bacteria, such as nocardia 
or non-tuberculous mycobacteria, are infrequent causes of cellulitis; skin manifesta-
tions of these pathogens may also present as pustules, nodules, ulcers, and abscesses 
[77]. Other rare causes of SSTIs have been associated with certain exposures, such 
as an outbreak of nontuberculous mycobacterium after exposure to fish markets in 
New York City [78, 79].

The IDSA has established clear guidelines for the diagnosis and management of 
SSTIs; yet, rates of misdiagnosis, inappropriate antibiotic use, and hospitalization 
remain high [75, 80]. Of note, fever has been shown to be an unreliable indicator for 
the need for admission, despite traditional practice [81]. Further, other physical 
exam findings consistent with severe infection, such as bullae and lymphatic streak-
ing, do not correlate with fever. Risk prediction tools for SSTI also have poor per-
formance, lacking sensitivity in the identification of severe infections in elderly 
patients and populations with elevated risk, such as solid organ transplant recipi-
ents. Thus, providers must remain vigilant in their assessment of cellulitis and 
abscess, with low threshold for diagnostic sampling and treatment.

In typical cases of cellulitis without systemic signs of purulence, the IDSA rec-
ommends antibiotic therapy targeted at streptococci. If purulence is present or sus-
pected, therapy should be extended to cover MRSA.  Providers should choose 
antibiotics based on local susceptibility patterns and institutional antibiograms; 
typical oral regimens that cover both streptococci and MRSA include a penicillin 
or first-generation cephalosporin, combined with trimethoprim-sulfamethoxozole, 
doxycycline, or clindamycin. If a patient is already receiving trimethoprim- 
sulfamethoxozole for prophylaxis, an alternative agent should be selected to cover 
MRSA. When used for a short duration to treat purulent cellulitis, there are no 
particular concerns about these antibiotics interacting with immunosuppression 
regimens. Linezolid is another oral antibiotic active against S. aureus; however, its 
use is typically reserved for patients who cannot tolerate or have demonstrated 
resistance to first-line agents. Use of linezolid is also limited by cost and interac-
tions with other common medications including selective serotonin reuptake inhib-
itors (SSRIs) and serotonin- norepinephrine reuptake inhibitors (SNRIs). Note that 
cytopenias caused by linezolid develop with long antibiotic courses and are of less 
concern when it is used for a short course to treat cellulitis.

Some clinicians treat both streptococci and MRSA initially, particularly in solid 
organ transplant recipients, although clear guidance on this approach is lacking. 
Recommended treatment duration for cellulitis is 5 days and may be extended if the 
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patient is not improving as expected. While prior evidence held that abscesses could 
be treated with incision and drainage alone, a large randomized controlled trial 
demonstrated that cure rate for abscesses increased with the addition of trimethoprim- 
sulfamethoxozole to incision and drainage compared to incision and drainage alone, 
particularly in settings where MRSA is prevalent [82]. The IDSA makes a strong 
recommendation for clinicians to consult with an infectious disease specialist or a 
dermatologist in the treatment of cellulitis in solid organ transplant recipients, par-
ticularly if complicating factors are present [75].

 Necrotizing Skin Infections

Necrotizing soft tissue infections (NSTIs) remain a relatively rare cause of SSTIs 
overall, and there is a paucity of data on NSTIs in immunocompromised patients. 
NSTIs are associated with high mortality rates (15–50%), and early recognition and 
diagnosis can be challenging. Common pathogens included GNRs, anaerobes, 
coagulase-negative Staphylococcus species, S. aureus species, beta-hemolytic 
streptococcal species, and Enterococcus species; however, in a single-center study 
on NSTIs in immunocompromised hosts, wound cultures revealed polymicrobial 
growth in 58.7% of cases [83]. In this study, more immunocompromised patients 
had positive blood cultures in the setting of NSTIs compared to immunocompetent 
hosts. Immunocompromised patients also had increased rates of in-hospital death 
associated with NSTI infection compared to immunocompetent hosts (39.1% vs. 
19.4%). Additional findings included a lower WBC counts (often in the normal 
range) and absence of fever among immunocompromised hosts. These findings 
highlight the high index of suspicion needed among triaging physicians to ensure 
early identification and appropriate referral to an emergency care setting [84].

 Vesicular Eruptions

The presence of vesicular lesions in a solid organ transplant recipient should raise 
suspicion for infection with a herpes virus. Reactivation of herpes simplex virus 
(HSV) and varicella zoster virus (VZV) are most common; however, cytomegalovi-
rus (CMV), Epstein-Barr virus (EBV), and human herpes virus 6 (HHV-6) may 
cause vesicular lesions as well, though cutaneous manifestations are less common 
in these diseases.

HSV accounted for the vast majority of mucocutaneous infection in solid organ 
transplant recipients (>80%) before the introduction of antiviral prophylaxis; since 
then, incidence has dropped dramatically [84]. Infection with HSV produces pain-
ful, grouped vesicles on an erythematous base that coalesce into shallow ulcerations 
on surfaces of mucous membranes. HSV lesions in solid organ transplant recipients 
may take longer to heal than in immunocompetent hosts, in part due to impaired 
cellular immunity and prolonged viral shedding [74]. HSV-1 tends to cause 
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oropharyngeal lesions, whereas HSV-2 has a predilection for anogenital eruptions; 
however, both serotypes may affect any mucocutaneous surface, particularly in 
solid organ transplant recipients.

Reactivation of VZV is common among solid organ transplant recipients, with shin-
gles, or “zoster,” affecting 6–7% of individuals [74]. VZV reactivation presents with 
grouped vesicles on an erythematous base and typically affects a single dermatome. 
Disseminated zoster, defined as reactivation of VZV affecting 3 or more dermatomes, 
is more common in immunocompromised individuals and may take longer to respond 
to antiviral therapy. Primary infection with VZV, also called chicken pox, is relatively 
uncommon in adults due to almost universal exposure during childhood. Solid organ 
transplant recipients should have varicella titer testing prior to transplantation, and the 
varicella vaccine should be considered for anyone who is seronegative for anti-varicella 
antibodies. It is important to note that the current VZV vaccine is a live, attenuated vac-
cine, and administration is contraindicated post-transplantation [85].

If HSV or VZV infection is suspected, providers should obtain a swab of vesicu-
lar lesions and send the sample for PCR testing (see above). While awaiting testing 
results, empiric treatment with acyclovir or valacyclovir may be initiated to reduce 
duration and severity of symptoms. First-line therapy for herpes labialis includes 
acyclovir 400 mg 5×/day for 5 days. Genital herpes may be treated with acyclovir 
400 mg 5×/day for 10 days or valacyclovir 1000 mg 3×/day for 10 days. Patients 
with recurrent HSV could experience asymptomatic shedding for days before an 
outbreak occurs; thus, there may be a role for twice-daily suppressive therapy with 
acyclovir or valacyclovir in individuals with more than 3 outbreaks per year to 
reduce risk of transmission. Herpes zoster should be treated with a higher dose of 
acyclovir, 800 mg 5×/day for 7–10 days or valacyclovir 1000 mg 3×/day for 7 days 
[85]. Severe HSV or VZV infection may require hospitalization and administration 
of IV acyclovir. Famciclovir is also active against HSV and VZV and may be used 
in the treatment of these infections, though treatment duration varies.

Disseminated CMV may cause a maculopapular, vesicular, or even ulcerative 
eruption in solid organ transplant recipients. Cutaneous manifestations of CMV 
typically affect 10–20% of solid organ transplant recipients with systemic CMV 
disease and portend a poor prognosis [85]. Infection with HHV-6 typically causes a 
self-limited febrile illness with a maculopapular rash, though manifestations may be 
more severe in solid organ transplant recipients. Cutaneous lesions associated with 
EBV infection are most commonly seen in the setting of post-transplant lymphop-
roliferative disorder (PTLD).

 Nodular and Ulcerative Lesions

Numerous bacterial and fungal pathogens can cause nodular cutaneous lesions in 
solid organ transplant recipients, and these lesions may or may not indicate dissemi-
nated infection. In solid organ transplant recipients, defects in cellular immunity 
predispose to mycobacteria, atypical bacteria, certain zoonoses (Brucella, 
Bartonella), and parasites (Leishmaniasis), all of which may present with cutaneous 
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nodules or ulcers. As an example, up to 32% of solid organ transplant recipients 
with disseminated nocardia infection developed skin manifestations [78]. Some 
non-tuberculous mycobacteria (NTM) may produce localized nodules or ulcerated 
lesions (e.g., Mycobacterium fortuitum), while infections with Mycobacterium 
abscessus or chelonae are more likely to result in pustular, nodular, or papular 
lesions in association with disseminated infection.

The most common clinical presentation of candidiasis in solid organ transplant 
recipients is mucocutaneous disease, including thrush and esophageal candidiasis 
[86]. However, Candida remains the most common cause of disseminated fungal 
infections in solid organ transplant recipients; skin lesions occur in 10% of these 
patients and may be the presenting symptom in 13–36% of cases [74]. In compari-
son, disseminated Aspergillus infection is a rare cause of cutaneous lesions in solid 
organ transplant recipients and is unlikely to be a presenting symptom for PCPs.

Endemic fungal infections, including histoplasmosis, coccidioidomycosis, and 
blastomycosis, typically cause primary pulmonary infections. Primary inoculation 
with these pathogens causing isolated skin disease is uncommon. Solid organ trans-
plant recipients infected with an endemic mycosis are at higher risk for disseminated 
disease due to impaired cellular immunity, and may develop papules, plaques, pus-
tules, nodules, or ulcers. Skin disease is the most common extra-pulmonary manifes-
tation of blastomycosis and may present as either verrucous or ulcerative lesions [87].

If there is concern for an endemic fungal infection, a thorough exposure history 
is critical. In the United States, histoplasmosis is native to the Ohio and Mississippi 
River Valleys and remains the most common of the endemic fungal infections over-
all. Coccidioidomycosis is endemic to the Southwestern United States including 
central California, as well as areas of Washington State and northern Mexico [88]. 
Blastomycosis is found predominantly in southern and southeastern states border-
ing the Ohio and Mississippi River Valleys, as well as upper Midwestern states in 
the Great Lakes region. Taking a detailed history to clarify recent travel to endemic 
areas, as well as exploration of concomitant pulmonary symptoms, will help clarify 
the diagnostic possibilities. Worldwide patterns vary—knowing local and regional 
patterns of endemic mycoses can aid in the diagnosis of cutaneous fungal infections.

Diagnosis of nodular and ulcerative lesions typically requires biopsy, either with a 
dermatologist or a surgeon, depending on the depth of the wound. These samples 
should be sent for microbiologic and pathologic evaluation. Empiric therapy is not 
recommended; rather, providers should await culture or pathology results and con-
sider consultation or referral to an infectious disease specialist to determine treatment.

 Prevention

In addition to the medications for prophylaxis against viruses and Pneumocystis jir-
ovecii, solid organ transplant recipients are educated to take other measures to pre-
vent infection, including hand hygiene, avoiding sick contacts, foods that have higher 
risk of bacterial contamination, and travel to locations with endemic infectious dis-
eases. During the COVID-19/SARS-CoV-2 pandemic, solid organ transplant 
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recipients are in the highest risk category and should limit their exposure by follow-
ing public health guidelines. The primary care provider can assist by keeping vacci-
nations up to date (Table 8.6; see also Chap. 12). Solid organ transplant recipients 
should be reminded not to accept live vaccines. Additionally, the recombinant herpes 

Table 8.6 Vaccinations in pre- and post solid organ transplant recipients [56, 89–91]

Vaccinations
Pre- 
transplant Post-transplant Comments

Measles Mumps 
Rubella 
(MMR—live)

Yes No Recommended to be given prior to 
transplantation. This live attenuated 
vaccination is contraindicated after 
transplant

Zoster (Zostavax 
®—live)

Yes No Live attenuated virus vaccine can be 
given prior to transplant

Zoster (Shingrix 
®—recombinant 
antigen)

Yes Yes only in low-dose 
immunosuppression

ACIP recommends it for patients on 
low-dose immunosuppression (<20 mg 
prednisone/day) or anticipating higher 
immunosuppression or recovering from 
higher dose immunosuppression. 
Subjects on moderate or high-dose 
immunosuppression were excluded from 
efficacy studies. Consult with transplant 
team if considering.

Varicella (live) Yes No
Prevnar ® vaccine 
(PCV13)

Yes Yes At least 1 year after PPSV23

Pneumococcal 
vaccine (PPSV23)

Yes Yes At least 8 weeks after PCV13. Booster 
5 years after first PPSV23 dose if 
<65 years of age. A last dose is given at 
65 or older, again 5 years after the last 
PPSV23 dose

Hepatitis A 
vaccine

Recommended in ESLD

Hepatitis B 
vaccine

Recommended in ESLD, ESRD

Tetanus/diphtheria 
(Td)

Yes Yes Every 10 years

Tetanus/
diphtheria/
pertussis (Tdap)

Yes Yes

Influenza 
(inactivated)

Yes Yes

Influenza (live) Yes No Not within 2 weeks of transplant
Meningitis (N. 
meningitidis)

Yes Yes

Polio (inactivated) Yes Yes
Polio (live) Yes No
HPV Yes Yes
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zoster vaccine is currently not recommended—although it is not a live vaccine, there 
is a theoretical risk of precipitating acute rejection, and the use of this vaccine is still 
under investigation in this population. Vaccine guidelines change regularly—it is 
important to regularly check updated recommendations, and if in doubt, discuss with 
the transplant team.

 Conclusion

Infection remains a significant risk in solid organ transplant recipients. A knowl-
edge of the time course of immunosuppression and potential pathogens will assist 
in the evaluation and management of the solid organ transplant recipient who pres-
ents to the primary care setting with potentially infectious symptoms. Signs and 
symptoms of infection may present subtly in solid organ transplant recipients due to 
immunosuppression; hence, primary care providers must maintain a high index of 
suspicion when evaluating these patients in clinic. A higher level of care is often 
required for more severe infections because of the increased risk for complications 
and monitoring required due to immunosuppression, and consultation with the 
transplant team and an infectious disease specialist is often indicated. With timely 
and appropriate care, infections may be treated successfully in the solid organ trans-
plant recipient.
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Chapter 9
Common Symptoms in the Adult Solid 
Organ Transplant Recipient

Kim O’Connor and Christopher J. Wong

 Introduction

Solid organ transplant (SOT) recipients often return to the primary care setting after 
the first few months following transplantation, especially if their course has been 
free of serious complications. While they will still have contact with their transplant 
team—the frequency of which varies by transplant center as well as the patient’s 
complications—they may present to primary care when they develop new symp-
toms. Patients may be unsure if the new symptoms are related to the transplanted 
organ, their immunosuppression, side effects of medications, or an unrelated illness. 
This chapter explores several common symptoms and offers an approach to the 
initial evaluation. As will be discussed, if the patient’s presentation is concerning, 
close coordination with the transplant team is advised, and often transfer to an acute 
care setting (e.g., emergency department or admission to the hospital) may be indi-
cated for expedited evaluation and treatment.

 Respiratory Symptoms

Respiratory symptoms, including shortness of breath and cough, are common concerns 
of patients presenting to primary care. Cough alone is among the most common rea-
sons for ambulatory visits: excluding visits for general follow-up, medication manage-
ment, checkups, and postoperative evaluation, it is the number one reason for outpatient 
visits in the United States [1]. The following section focuses on addressing cough and 
dyspnea in solid organ transplant recipients who present to care in the outpatient setting.
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 General Approach

 Assess Clinical Stability

• Patients with new-onset hypoxia, severe tachypnea, signs of sepsis, or respira-
tory distress will need rapid evaluation and treatment in an emergency setting.

• Solid organ transplant recipients are at risk of rapid decompensation in cases of 
severe infection, and it is generally best to err on the side of caution when con-
sidering whether to transfer to a higher level of care.

 History

History should be directed toward infectious and non-infectious causes of respira-
tory symptoms.

• Core transplant history: Important initial information to gather includes the time 
since transplantation and prior episodes of rejection, as the types of infections to 
which a solid organ transplant recipient is more susceptible may vary based on 
this history. (For more in-depth discussion, see Chap. 8).

• Medications: A thorough medication history should be taken. The degree of 
immunosuppression may be helpful in triaging the potential for  opportunistic 
infections as well as the risk of decompensation.

• Habits: In most cases, solid organ transplant recipients have stopped smoking 
cigarettes prior to transplantation. However, prior smoking can still lead to com-
plications, including lung cancer and chronic obstructive pulmonary disease. 
Additionally, patients may have returned to using cigarettes or vaping after trans-
plantation. Patients should be asked about substance use, as inhaled marijuana 
has been associated with pulmonary aspergillosis in renal transplant recipients 
[2], although its precise contribution to pulmonary aspergillosis in solid organ 
transplant recipients overall is uncertain.

• Exposures: As with the general population, recent hospitalization increases the 
risk for multi-drug resistant organisms, and recent travel should prompt consid-
eration for infectious illnesses not endemic to the current location.

• Associated symptoms:

 – Symptoms such as fever and rhinorrhea may point to an infectious source. 
Solid organ transplant recipients may contract community-acquired viral 
infections such as the common cold. However, one must be careful not to 
prematurely narrow the differential diagnosis if the patient is at higher risk for 
other opportunistic infections due to increased levels of immunosuppression. 
Prolonged viral infections may lead to secondary bacterial infection. Due to 
immunosuppression, the solid organ transplant recipient may not present with 
typical fevers and the absence of a fever is not reliable enough to rule out 
infection.

 – While a cough may be infectious (e.g., caused by an upper or lower respira-
tory tract infection), it is important not to assume an infectious source. 
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Interstitial and obstructive lung diseases, pulmonary edema, gastroesophageal 
reflux, and lung cancer all may feature cough as their presenting symptom. 
Sputum character does not reliably distinguish one cause from another. 
Hemoptysis should always be evaluated further—history should include ask-
ing about other symptoms of infection, including risk factors for tuberculosis, 
as well as symptoms of malignancy such as systemic symptoms.

 – Dyspnea alone (for example, absent symptoms such as rhinorrhea, cough, 
angina, fever) should lead to a similar differential diagnosis as in the general 
population, including pulmonary embolism, congestive heart failure, pulmo-
nary hypertension, interstitial lung disease, obstructive lung disease, and sys-
temic illnesses such as anemia. However, one should still consider an atypical 
presentation of infection as well as malignancy (for example, lung cancer 
with a pleural effusion) (See Chap. 10).

• Time course: Duration and tempo of symptoms cannot solely distinguish among 
causes of respiratory symptoms, but may nevertheless provide clues.

 – Acute (1–2 days): Consider acute infections more highly on the differential 
diagnosis, especially if other infectious symptoms are present. Additionally, 
acute pulmonary embolism should be considered, especially if risk factors are 
present. However, even chronic conditions may present acutely (e.g., a lung 
cancer may present with an effusion that becomes symptomatic, or a decreased 
cardiac ejection fraction may be subclinical until it presents with decompen-
sated heart failure).

 – Sub-acute (2  weeks): Infections, including opportunistic, may still occur. 
Pneumocystis jirovecii pneumonia may present subacutely with cough and 
dyspnea, although more severe and acute cases can occur in solid organ trans-
plant recipients compared to patients with HIV. Other non-infectious causes 
should still be in the differential diagnosis.

 – Chronic (weeks to months): In a stable patient with chronic cough, consider 
traditional causes such as gastroesophageal reflux disease, postnasal drip, and 
reactive airways disease. Medication side effects and interstitial lung disease 
should also be considered. For stable outpatients with dyspnea, all causes 
should be considered, including anemia, heart disease, and lung disease.

 – For all of the above considerations, in the heart or lung transplant recipient, 
respiratory symptoms should raise concern for rejection or other transplanted 
organ dysfunction (see below).

• Special mention should be made for lung and heart transplant recipients.

 – Lung transplant recipients presenting with dyspnea or cough should have their 
workup coordinated with the lung transplant specialist, as the transplant team 
will often recommend an urgent workup for rejection, re-evaluate graft func-
tion, and also may perform additional tests for infection (see Chap. 7). Other 
diagnostic considerations include lung cancer, in which the risk is higher in 
lung transplant recipients compared to other solid organ transplant recipients 
(see Chap. 10), and airway stenosis, a unique complication of lung transplanta-
tion. Additionally, it is important to know whether the patient received a single 

9 Common Symptoms in the Adult Solid Organ Transplant Recipient



200

or double lung transplant. In single lung transplant recipients, the native lung 
may still be diseased—for example, in a patient with a single lung transplant 
for smoking-related COPD, the native lung remains at increased risk for infec-
tion, malignancy, and other complications such as pneumothorax.

 – Heart transplant recipients have a denervated donor organ, so may not present 
with typical angina. Dyspnea on exertion may be a sign of coronary artery 
disease as well as heart failure. As with lung transplant recipients, heart trans-
plant recipients who present with dyspnea without a readily apparent non- 
cardiac etiology should have their care coordinated with the transplant team, 
as an expedited workup is likely warranted (see Chap. 6).

 Examination

• Examination should include vital signs and a thorough upper respiratory tract, 
pulmonary, and cardiovascular exam.

• Abdominal exam may be useful if an intra-abdominal process leading to pulmo-
nary symptoms is suspected.

• In patients with dyspnea, assessment should include looking for signs of anemia 
or other systemic illnesses.

 Differential Diagnosis

Infectious

(Infections are covered more in Chap. 8)

• Pneumonia: Precise estimates on incidence of pneumonia in solid organ transplant 
recipients are difficult to obtain. A point-prevalence study in Europe estimated an 
incidence of 10 per 1000 patients per year [3]. The incidence was highest in lung 
transplant recipients. The majority presented late (defined as >6 months). Although 
this sample included outpatient care, the cases identified were primarily in hospi-
talized patients. Similarly, prior single-center studies showed a high mortality rate, 
but cases were predominantly nosocomial and early after transplantation [4].

Several fungal infections can cause pneumonia in solid organ transplant recip-
ients. Pneumocystis jirovecii is an important causative agent of opportunistic 
infections in the solid organ transplant population, so much so that most solid 
organ transplant recipients receive prophylaxis against P. jirovecii within the first 
6–12  months after transplantation (protocols vary), with lifelong prophylaxis 
given to lung transplant recipients. Patients with Pneumocystis jirovecii pneumo-
nia may present acutely with hypoxia and dyspnea, more commonly than in 
patients with HIV infection, who often present subacutely with several weeks of 
progressive symptoms. While prophylaxis is credited to dramatic reductions in 
P. jirovecii pneumonia, cases still occur, especially after prophylaxis has been 
discontinued, and have been associated with episodes of acute rejection (and 
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therefore increased immunosuppression), as well as cytomegalovirus (CMV) 
viremia; additionally, heart and lung transplant recipients are at higher risk com-
pared to other solid organ transplant recipients [5, 6].

Infections due to Aspergillus fumigatus are more common than those due to 
Pneumocystis jirovecii and other fungal infections in solid organ transplant recip-
ients [7]. Risk factors include lung and heart transplantation, CMV infection, the 
degree of immunosuppression, and environmental exposure [7]. Nosocomial 
infections may occur early after transplantation, but late infections (> 6 months 
post- transplant) also occur. Pulmonary infections caused by Aspergillus may 
present with cough, fever, hemoptysis, chest pain, and malaise. Patients may 
manifest symptoms in other organs if the infection has already spread at the time 
of presentation [7]. Prophylaxis is typically administered in the first few months 
post-transplant for lung transplant recipients and in some heart transplant recipi-
ents (protocols vary) [7].

Other fungi such as Candida species, Cryptococcus, Zygomycetes species, the 
endemic mycoses coccidioidomycosis and histoplasma all may cause pulmonary 
infections. Histoplasmosis tends to occur in the later post-transplant period with 
disseminated disease but can have subacute pulmonary symptoms [7]. In contrast, 
coccidioidomycosis tends to occur earlier post-transplant and represent reactiva-
tion [7]. Blastomycosis is considered rare even in this population [7] (see Chap. 8).

Mycobacterial infections can be divided into infections caused by 
Mycobacterium tuberculosis and those by all non-tuberculous mycobacteria. 
Pulmonary tuberculosis does occur, and level of suspicion is dependent on expo-
sure and local epidemiologic risk factors. Non-tuberculous mycobacterial pulmo-
nary infections are less common than other pathogenic infections in the solid organ 
transplant population, but they do occur and should be suspected in patient with 
chronic cough and especially if systemic symptoms are present. (See Chap. 8).

Viral infections. Most solid organ transplant recipients receive prophylaxis 
against CMV during the first 6–12 months after transplantation (see Chap. 8). 
Although considered an “early” post-transplant infection, because of effective 
prophylaxis in the initial post-transplant period, late cases do occur. While mul-
tiple immunosuppressive agents decrease T-cell function and increase the risk of 
CMV, mammalian target of rapamycin (mTOR) inhibitors do not appear to 
increase risk and may even lower the risk of CMV infection [8]. CMV not only 
may cause a viral syndrome with non-specific symptoms but also may cause end-
organ damage, including pneumonia. As noted above, CMV infection increases 
the risk for subsequent Aspergillus and P. jirovecii infections.

A multitude of other viruses may cause respiratory infections—those that 
may cause lower respiratory tract symptoms include influenza and respiratory 
syncytial virus (RSV).

• Upper respiratory tract infections: Solid organ transplant recipients are susceptible 
to the common respiratory viruses that cause the common cold, similar to the gen-
eral population, including rhinovirus and coronavirus. Patients with rhinorrhea and 
other upper respiratory tract infection (URI) symptoms, without evidence of bacte-
rial sinusitis or lower respiratory tract disease, may be considered to have an iso-
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lated URI. However, any patient with a cough or dyspnea should have a broader 
differential considered in the evaluation. For lung transplant recipients, even mild 
respiratory viral infections may be associated with a decline in graft function and, 
therefore, the lung transplant team should be notified (see Chap. 7).

• COVID-19: COVID-19 (SARS-CoV-2) became a worldwide pandemic in 2020. At 
the time of this book’s publication, the presentation, prognosis, and optimal treat-
ment in solid organ transplant recipients is continuing to be studied. Testing should 
be  initiated promptly depending on  local epidemiology, and  consultation 
with infectious disease specialists is warranted in this population.

Non-infectious

Immunosuppression should raise suspicion for infection in a solid organ transplant 
recipient who presents with respiratory symptoms. However, certain other condi-
tions also have a higher prevalence in the solid organ transplant population.

• Cancer: Solid organ transplant recipients have an increased overall risk of malig-
nancy compared to the general population, as well as higher mortality when can-
cers occur [9]. While studies vary, there is an increased incidence of cancers that 
may present with pulmonary symptoms, including lung cancer, lymphoma, mela-
noma, and kidney cancer, in all solid organ transplant recipients [10, 11]. Primary 
lung cancer, metastatic cancer to the lung, and lymphoma in the lung may present 
with cough or hemoptysis. Additionally, pleural effusions due directly or indi-
rectly to malignancy may cause dyspnea and pleuritic chest pain (see Chap. 10).

• Pulmonary embolism: The risk of venous thromboembolism (VTE) has been 
shown to be increased in the postoperative period, especially in lung transplant 
recipients [12]. Long-term VTE risk has been reported in other solid organ trans-
plant recipients, but the majority of studies are retrospective and the incidence 
rates vary widely [13, 14]. Some studies suggest an ongoing risk for renal- 
transplant recipients, with increased risk associated with chronic kidney disease, 
and not associated with immunosuppression [15, 16]. In the absence of more 
definitive data, one should consider that solid organ transplant recipients present-
ing to primary care may be at higher risk for VTE, even after the immediate 
post- transplantation period. As the precise degree of risk is uncertain, providers 
should continue to assess for traditional VTE risk factors.

• Interstitial lung disease: Interstitial lung disease typically presents with a variety 
of chronic to subacute symptoms, including dyspnea and cough. In addition to 
exploring traditional risk factors for ILD, in the solid organ transplant recipient, 
there have been case reports of ILD associated with immunosuppressive medica-
tions, including the mammalian target of rapamycin (mTOR) inhibitors siroli-
mus and everolimus [17–19].

• Lung transplant recipients: Lung transplant recipients may present with acute 
rejection. Acute symptomatic rejection may present with acute dyspnea and 
cough. Symptoms may be subtle and, therefore, lung transplant centers routinely 
monitor lung function. In cases of suspected rejection, consultation with the 
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transplant pulmonologist is critical, and other causes of dyspnea such as airway 
stenosis and infection will often need to be evaluated urgently (see 
Chap. 7). Chronic symptoms in lung transplant recipients may arise from Chronic 
Lung Allograft Dysfunction (CLAD), of which there are two main types – bron-
chiolitis obliterans syndrome (BOS), and restrictive allograft syndrome (RAS). 
CLAD may present with chronic dyspnea and cough (See Chap. 7).

• Heart disease: Cardiac causes of respiratory symptoms should be considered. 
Although solid organ transplant recipients are screened pre-transplantation for 
heart disease (see Chap. 2), they may still develop cardiovascular disease after 
transplantation. Solid organ transplant recipients are at increased risk of the meta-
bolic risk factors that lead to cardiovascular disease, including diabetes, hyperten-
sion, and hyperlipidemia. Cardiovascular disease is increased in kidney transplant 
recipients, although data on risk in liver transplant recipients is not consistent [14, 
20]. Lung transplant recipients have not been shown to have increased mortality 
from cardiovascular disease, possibly due to the earlier onset of graft dysfunction 
and lower overall mortality [20]. Heart transplant recipients are at risk for allograft 
vasculopathy, a form of rejection in the coronary arteries (see Chap. 6).

Causes of dyspnea or cough in solid organ transplant recipients are summarized 
in Table 9.1.

Table 9.1 Causes of dyspnea or cough in solid organ transplant recipients

Infectious Non-infectious

Upper respiratory tract infection
  Viral rhinosinusitis
  Bacterial sinusitis
Lower respiratory tract infection
  Pneumonia
   Bacterial
   Viral (e.g., CMV); emerging: 

COVID-19
   Fungal (e.g., Aspergillus, P. 

jirovecii, Candida species, endemic 
mycoses)

   Mycobacterial
  Bronchitis
   Viral
   Bacterial

Pulmonary/lung disease
  COPD exacerbation
  Asthma exacerbation
  Interstitial lung disease
  Pulmonary embolism
  Pulmonary hypertension
  Lung transplant recipients: rejection, chronic lung 

allograft dysfunction, airway stenosis
Malignancy
  Primary lung cancer
  Lymphoma/PTLD in the lungs or mediastinum
  Pleural effusion associated with malignancy
  Metastatic disease to the lung
  Head and neck cancer/laryngeal
Cardiac
  Heart failure
  Coronary artery disease
  Heart transplant recipients: cardiac allograft 

vasculopathy; rejection
Medication side effect
  ACE inhibitors (cough)
Gastrointestinal
  Gastroesophageal reflux disease
Upper airway
  Postnasal drip/upper airway cough syndrome
Metabolic
  Anemia
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 Additional Testing and Treatment

• Imaging: While one cannot recommend a one-size-fits-all approach, in general 
one should have a lower threshold to obtain imaging in solid organ transplant 
recipients who present with respiratory symptoms due to the increased risk of 
infection and malignancy, as well as their potentially blunted inflammatory 
response to infection. A chest X-ray is a reasonable first imaging test, but in 
patients with concerning symptoms, a chest CT is more sensitive.

• Specific tests for respiratory pathogens: While testing for respiratory viruses 
other than influenza is uncommonly performed in the general population, for 
solid organ transplant recipients presenting with potentially infectious respira-
tory symptoms, it is recommended to obtain a nasopharyngeal swab to send for 
PCR-based tests for viral pathogens.

• Additional testing: Solid organ transplant recipients with serious illnesses such 
as pneumonia frequently require additional testing such as sputum samples, 
bronchoscopy, and in some cases biopsy depending on the presentation, imaging 
findings, and response to treatment.

• If CMV is considered, consultation with an infectious disease specialist is appro-
priate. Imaging findings are typically bilateral, patchy, and may include ground 
glass opacities, air-space disease, and small nodules; however, most imaging 
studies of CMV pneumonitis included only a small number of SOT recipients 
[21]. CMV disease (in any organ) is diagnosed definitively by tissue. The CMV 
antigenemia assay is not sufficiently sensitive in the SOT population [22] and has 
been replaced by PCR [8]. Serology should be determined from reviewing the 
transplantation history, as CMV-negative hosts who receive organs from CMV- 
positive donors are at highest risk, but it is not helpful to recheck these tests in 
the acute setting. While in some cases if other causes are ruled out or are deemed 
of low likelihood, pneumonitis with CMV viremia may prompt initial treatment 
for presumed CMV disease, followed by invasive testing if the patient does not 
respond to initial treatment. However, if other causes are also likely and unable 
to be ruled out, then early invasive testing with bronchoalveolar lavage may be 
indicated both to assess for the cytopathic presence of CMV in the lung and to 
investigate other causes of the patient’s symptoms. In lung transplant recipients 
in particular, bronchoscopy may be especially important to assess for rejection – 
consultation with the transplant pulmonologist should be obtained.

• Early consultation is generally recommended for patients with higher risk or 
more serious presentations. The primary care provider should have a low thresh-
old to consult with the transplant specialist and an infectious disease specialist, 
and transfer to a higher level of care if necessary.

• Empiric treatment: If influenza is suspected, treatment should be initiated while 
waiting for confirmatory testing. For suspected community-acquired pneumonia, 
patients should be triaged for consideration of hospitalization for inpatient treat-
ment. If deemed stable for outpatient treatment for community-acquired pneu-
monia, then empiric, guideline-concordant treatment should be started, with 
appropriate assessment of potential drug interactions and whether the patient is 
at risk for drug-resistant organisms. Empiric treatment should generally not be 
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started in stable patients in whom opportunistic infections are suspected, as guid-
ance by an infectious disease specialist is usually warranted to identify appropri-
ate testing and management. As noted above, for lung transplant recipients, the 
transplant team should be contacted prior to empiric treatment, as they may have 
recommendations to guide choice of treatment and what testing should be per-
formed to help assess for both infection and rejection (see Chaps. 7 and 8).

• Corticosteroids: Corticosteroids for obstructive lung disease exacerbation and 
reactive airways should be used with caution, as it may affect evaluation of organ 
rejection— in lung transplant recipients in particular, corticosteroids should not be 
given (unless emergent) without first consulting the transplant pulmonologist.

• IV fluids: IV fluids should generally not be given to solid organ transplant recipi-
ents in the primary care setting. If the patient is sick enough to require IV fluids, 
then transfer to an acute care setting is indicated. In particular, IV fluids should be 
administered with caution and only in a well-monitored setting for lung transplant 
recipients, as the disruption in the lymphatic system makes these patients more 
susceptible to pulmonary edema. Heart transplant recipients should also generally 
not be given IV fluids without consultation with the transplant cardiologist, as their 
volume status and graft function will likely need more urgent assessment.

 Follow-Up

As with any patient, if the solid organ transplant recipient being treated for a pulmo-
nary condition does not improve, one should reconsider the initial diagnosis as well 
as consider co-infection with more than one organism.

Key Points
• As with all solid organ transplant recipients presenting with a new symp-

tom, a thorough history and directed exam should be performed.
• Solid organ transplant recipients presenting with potentially infectious 

respiratory symptoms should generally have a nasopharyngeal swab sent 
for respiratory virus PCR testing.

• Solid organ transplant recipients are more likely to need advanced imaging 
and invasive testing for the diagnosis and treatment of serious respiratory 
conditions.

• Stable lung transplant recipients should not receive empiric IV fluids or 
corticosteroids without consulting with the transplant specialist first—they 
are sensitive to pulmonary edema from IV fluids, and corticosteroids can 
affect workup for rejection.

• A broad differential diagnosis is required for pneumonia in solid organ 
transplant recipients—in stable patients over 6 months since transplanta-
tion, community-acquired pneumonia is common, but other opportunistic 
infections can still occur.

• Solid organ transplant recipients are at increased risk for cancers that may 
present with respiratory symptoms.
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 Urinary Symptoms

Urinary symptoms are common reasons for primary care visits. Once a solid organ 
transplant recipient is returned to the primary care setting, it is quite likely that if the 
patient has urinary symptoms, the initial site of contact may be the primary care 
clinic rather than the specialist’s office. In this section, we consider the solid organ 
transplant recipient who presents with dysuria and/or hematuria.

 General Approach

 Assess Clinical Stability

• Patients with signs of sepsis from a urinary tract source will need more rapid 
evaluation and treatment in an emergency setting.

• SOT recipients are at higher risk of rapid decompensation in cases of severe 
infection, and it is generally best to err on the side of caution.

 History

• Core transplant history: Important initial information to gather includes the time 
since transplantation and prior episodes of rejection, as the types of infections to 
which a solid organ transplant recipient is more susceptible may vary based on 
this history. (For more in-depth discussion, see Chap. 8.)

• Medications: A thorough medication history should be taken. The degree of cur-
rent immunosuppression may be helpful in triaging the potential for opportunis-
tic infections as well as the risk of decompensation.

• Habits: A history of smoking increases the risk for urinary tract malignancies. 
Solid organ transplant recipients are generally required to stop smoking prior to 
transplantation. However, prior smoking continues to pose a risk for future can-
cers: the risk of bladder cancer is higher in former smokers compared to those 
who have never smoked [23].

• Exposures: Recent hospitalization increases the risk for multi-drug resistant 
organisms, and recent travel should prompt consideration for infectious illnesses 
not endemic to the current location. As with the general population, certain 
chemical exposures increase the risk for bladder cancer.

• Risk factors for urinary tract infections (UTIs): Risk factors for UTIs in solid 
organ transplant recipients include age, female gender, and post-transplant dialy-
sis [24]. Other risk factors identified in kidney transplant recipients include age, 
history of increase in immunosuppression, prior reflux kidney disease, and hav-
ing a deceased donor [25]. Patients who have had urinary catheters or instrumen-
tation are also at higher risk of UTI.
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• Prior UTIs and local resistance patterns: Many patients have recurrent UTIs and 
it is helpful to review prior microbiological data to identify the prior organisms 
and their antimicrobial resistance.

• Associated symptoms:

 – Urethral discharge may be a sign of urethritis from a sexually transmitted 
infection. Patients should be asked about exposure history, including number 
of partners, type of sexual activity, and condom use, if appropriate.

 – Flank pain, fever, chills are suggestive of systemic infection such as 
pyelonephritis.

 – Colicky abdominal or groin pain is suggestive of nephrolithiasis.
 – Gross hematuria may be a sign of nephrolithiasis, bladder stones, coagulopa-

thy, benign prostatic hyperplasia, or urinary tract malignancy.

• Special mention should be made for kidney transplant recipients (see Chap. 4): 
In the renal transplant recipient, pyelonephritis of the transplanted kidney may 
present with pain in the lower abdominal quadrant where the transplanted organ 
is typically located.

 Examination

• Vital signs.
• Examination of the flank and abdomen.
• If present, vaginal symptoms should be evaluated and may require a pelvic 

examination.
• Prostate exam if symptoms of prostatitis.
• Kidney transplant recipients should have an examination of the abdomen that 

includes assessment of the transplant site (typically in the left or right lower 
quadrant).

 Differential Diagnosis

Infectious

(Infections are covered more in Chap. 8)

• Urinary tract infections are common in all solid organ transplant recipients in the 
first several months after transplantation [24]. During this period, the patient will 
most likely remain primarily in the care of the transplant team. However, even 
after the first few months post-transplant, urinary tract infections continue to 
occur in all solid organ transplant recipients, although the incidence is highest in 
kidney transplant recipients [24]. UTI is a common cause of bacteremia in kid-
ney transplant recipients [26].
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• The main issues for UTIs in non-renal transplant recipients are diagnostic accu-
racy and choice and duration of antibiotic therapy.

• While opportunistic infections do occur in the genitourinary tract, they are less 
common compared to opportunistic infections at other sites. Candida UTIs do 
occur, with higher risk in renal transplant recipients.

• Prostatitis may occur in solid organ transplant recipients, but the exact inci-
dence is unknown. It should be suspected if a patient has recurrent UTIs or 
typical symptoms. While there are case reports of unusual pathogens, includ-
ing CMV and Cryptococcus, initially typical urinary pathogens should be 
suspected.

• Urethral discharge, vaginal discharge, and sexual contact should raise concern 
for sexually transmitted infections. There is little data on the solid organ trans-
plant population as to prevalence, however.

Non-infectious

• Gross hematuria should always be evaluated. Sources can include the kidney 
itself (glomerulonephritis, renal cysts, renal cell carcinoma), nephrolithiasis or 
bladder stones, other urothelial tract malignancy, the prostate, and, for kidney 
transplant recipients, acute rejection.

• In renal transplant recipients, acute rejection may be asymptomatic and found 
only on laboratory studies, but it may also present with fever, malaise, and ten-
derness of the transplanted kidney. If these symptoms are present along with an 
increased level of creatinine, and especially if no infection is found, the trans-
plant nephrologist should be consulted to evaluate for acute rejection.

 Additional Testing and Treatment

Solid organ transplant recipients presenting with UTI symptoms (dysuria, fre-
quency, or urgency) should have a clean-catch urinalysis performed.

• Solid organ transplant recipients are at risk for less common pathogens, drug- 
resistant organisms, and more severe illness. Therefore, it is recommended that 
solid organ transplant recipients who present with urinary tract infection symp-
toms should always have urine testing performed, including a culture. This prac-
tice is in contrast to low-risk patients in the general population who may be 
treated empirically with antibiotics based on local resistance patterns without 
obtaining a formal culture.

• For solid organ transplant recipients, the definition of asymptomatic bacteriuria 
is the same as for the general population and is defined as a urine culture with 
≥105 colony-forming units/mL in a patient with no symptoms of cystitis and no 
systemic symptoms [26]. Note however, that in most cases, it is not recom-
mended to obtain a urine culture if a patient is not symptomatic.
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• The definition of acute uncomplicated cystitis in a solid organ transplant recipi-
ent is the following: the presence of local symptoms (dysuria, urinary frequency 
or urgency, or suprapubic pain) without systemic symptoms or urinary tract 
instrumentation. The colony count threshold in a urine culture is a matter of 
some debate. Some guidelines specify a colony count of ≥105 colony-forming 
units/mL, the same number as for asymptomatic bacteriuria [28]. However, 
many authors recommend using a lower threshold in symptomatic patients even 
in the general population, as some cases of true cystitis are associated with lower 
colony counts of between 102–105 colony-forming units/mL [27].

• In kidney transplant recipients, the definitions are similar, with formal classifica-
tion as shown in Table 9.2 [26]. Some laboratories appropriately offer “reflexive” 
cultures to be done if pyuria is present. However, because pyuria is not an abso-
lute criterion (although the absence should broaden the differential diagnosis), 
especially in patients with neutropenia, a culture should be obtained in most 
cases in patients with urinary tract symptoms.

• Empiric treatment:

 – For acute, uncomplicated cystitis, a fluoroquinolone, amoxicillin-clavulanate, 
or a third-generation cephalosporin is recommended as empiric therapy, 
pending culture results [26]. Guidelines vary with regard to the use of fosfo-
mycin as first-line therapy [26, 28].

 – The choice of initial antibiotic should also be modified based on prior UTI 
results, if available, and local resistance patterns and whether there is a history 
of hospitalization or instrumentation.

 – Note that some guidelines do not recommend nitrofurantoin in solid organ 
transplant recipients due to risk of adverse effects [28], whereas others allow 
for its use if the creatinine clearance is >60 mL/min, and possibly even if 
>40 mL/min [26].

• Treatment duration: In contrast to simple cystitis in female patients, in which a 
3-day course is appropriate, for solid organ transplant recipients (both female 
and male), the treatment duration is recommended for a longer period, 5–10 days 
[26, 28].
Pyelonephritis: If the patient’s clinical presentation is consistent with pyelone-
phritis, in most cases the patient should be transferred to an acute-care setting, as 
the patient will require IV antibiotics, additional blood tests, and blood cultures, 
and need close monitoring for risk of sepsis. Diagnostic criteria for pyelonephri-
tis vary. General criteria for pyelonephritis in solid organ transplant recipients 
(other than kidney transplant) are the following [28]:

 – Urine culture ≥105 colonies/mL and/or bacteremia and fever.
 – Costovertebral angle pain (or renal allograft pain in a kidney transplant recipi-

ent), chills, or cystitis criteria met (bacteriuria plus symptoms).

Table 9.2 shows the classification of simple cystitis and pyelonephritis in guide-
lines specifically created for kidney transplant recipients. The differences in crite-
ria for pyelonephritis between kidney transplant and other solid organ transplants 

9 Common Symptoms in the Adult Solid Organ Transplant Recipient



210

are subtle, and both guidelines require that the patient have significant systemic 
symptoms. In a solid organ transplant recipient, such systemic symptoms should 
generally prompt urgent acute care treatment and further evaluation. Blood cultures 
should be drawn prior to antibiotic initiation. Further treatment is beyond the scope 
of this chapter.

• For further discussion of urinary pathogens, risk factors, and treatment, see Chap. 8.
• The workup for gross hematuria is similar to the workup in the general population. 

The evaluation for infection and kidney stones is straightforward. If this evaluation 
is negative, then additional testing for malignancy is indicated; generally, consulta-
tion with a urologist should be undertaken to discuss cross-sectional imaging and 
cystoscopy. Solid organ transplant recipients are at increased risk for malignancies 

Table 9.2 Classification of asymptomatic bacteriuria (AB) and urinary tract infection (UTI) in 
renal transplant recipients

Classification Description

Laboratory 
investigations of 
urine

Asymptomatic 
bacteriuria

No urinary or systemic symptoms of infection >105 CFU/mL 
uropathogena b

Acute simple cystitis Dysuria, urinary urgency/frequency, or suprapubic 
pain; but no systemic symptoms and no ureteral 
stent/nephrostomy tube/chronic urinary catheter

>10 WBC/mm3c

>103 CFU/mL 
uropathogenb

Acute 
pyelonephritis/
complicated UTI

Fever, chills, malaise, hemodynamic instability, or 
leukocytosis (without other apparent etiology); flank/
allograft pain; or bacteremia with same organism as 
in urine
Dysuria, urgency, frequency, suprapubic pain may or 
may not be present

>10 WBC/mm3c

>104 CFU/mL 
uropathogenb

Recurrent UTI ≥ 3 UTIs in prior 12-month period As above

WBC white blood cell. CFU/mL colony-forming units/milliliter
Reprinted from Goldman, et al., with permission [26]
aWhile routine treatment of AB is not recommended (see Treatment section), if considering treat-
ment of AB (e.g., in the immediate post-transplantation period), a repeat urine culture is recom-
mended (with care to minimize contamination) to assess the persistence of the same uropathogen. 
Spontaneous resolution is common.
bStaphylococcus epidermidis (except if ureteral stent), Lactobacillus, and Gardnerella sp. are 
unlikely to be uropathogens. Regarding CFU/mL: while most patients with UTI will have 
>105 CFU/mL of a uropathogen in a midstream urine sample, some patients with pyelonephritis 
may have only 104–105 CFU/ mL of a uropathogen and some patients with cystitis may have even 
fewer CFU/mL (most data on cystitis with low CFU/mL are only for E. coli). Not all labs report 
<104 CFU/mL
cWhile not an absolute criterion (depending on the performance characteristics of the urinalysis or 
presence of neutropenia), <10 WBC/mm3 should prompt consideration of a diagnosis other 
than UTI
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that affect the urinary tract. In addition, kidney transplant recipients are at particu-
larly increased risk for kidney cancer (see Chap. 10).

• If rejection is considered in kidney transplant recipients, urgent consultation with 
the renal transplant specialist is indicated.

 Gastrointestinal Symptoms: Diarrhea

Diarrhea is a common complaint in solid organ transplant recipients with a preva-
lence ranging from 20% to 50% [29]. Solid organ transplant recipients are particu-
larly susceptible to complications from diarrheal illnesses, including volume 
depletion, increased toxicity of medications, organ rejection, and death. The evalu-
ation and management of diarrhea in a solid organ transplant recipient differ com-
pared to the general population due to a higher risk of infections, side effects due to 
immunosuppressive medication, and rapid clinical deterioration.

 General Approach

 Assess Clinical Stability

• Patients will need more rapid evaluation and treatment in an emergency setting 
if they have any of the following:

 – Vital sign instability
 – Signs of sepsis from a gastrointestinal (or other) source
 – Severe volume depletion requiring IV fluid resuscitation
 – Frailty and ongoing large-volume diarrhea, anticipating that volume depletion 

will occur imminently even if not present on initial evaluation

Key Points

• As with all solid organ transplant recipients presenting with a new symp-
tom, a thorough history and directed exam should be performed.

• If a urinary tract infection is suspected, urinalysis with culture should be 
obtained for all solid organ transplant recipients.

• Treatment for uncomplicated UTI in solid organ transplant recipients is 
typically 5–10 days.

• Consultation with the kidney transplant team is indicated for kidney trans-
plant recipients who present with a UTI.

• For severe infections (e.g., pyelonephritis), transfer to an acute care set-
ting should strongly be considered.
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 – Symptoms or signs of acute gastrointestinal bleeding in addition to diarrhea
 – Acute abdomen, signs of peritonitis on exam
 – Inability to take oral medications—including immunosuppressive medica-

tions, due to ongoing nausea and vomiting

• Solid organ transplant recipients are at higher risk of rapid decompensation in 
cases of severe infection, and it is generally best to err on the side of caution.

 History

• Core transplant history: Important initial information to gather includes the time 
since transplantation, prior episodes of rejection, as the types of infections a solid 
organ transplant recipient is more susceptible to may vary based on this history. 
(For more in-depth discussion, see Chap. 8.)

• Time course: Acute diarrhea (< 14 days) without obvious non-infectious source 
is often from an acute infectious etiology. Chronic diarrhea (> 30 days) may be 
infectious, but an expanded list of pathogens should be considered (see 
Differential Diagnosis below), as well as other non-infectious sources.

• Associated symptoms:

 – Blood may be associated with bacterial infections (dysentery), but it is not spe-
cific—it may also be seen in inflammatory bowel disease and bowel ischemia.

 – Nausea and emesis may indicate an ileus, obstruction, or upper gastrointesti-
nal tract problem; however, it is nonspecific. Many infectious diarrheal ill-
nesses do not typically cause nausea and vomiting, however.

 – Malabsorption: Patients may give a history of an “oily sheen” in the toilet, or 
intolerances to certain foods.

 – Abdominal pain: Many medication-induced causes of diarrhea may cause 
cramping but not typically severe pain. Severe pain should raise concern for 
severe bacterial infection, perforation, ischemia, and inflammatory bowel 
disease.

• Stool pattern: Unremitting diarrhea without association with food intake is more 
likely to be secretory than malabsorptive or osmotic, and more likely to be infec-
tious. Symptom pattern in the immunosuppressed patient is not completely reli-
able, however.

• Medication history:

 – Level of immunosuppression: higher doses (for example, patients with lung 
and heart transplants tend to have higher maintenance dosing, or patients with 
a history of rejection requiring recent pulse doses of corticosteroids or a 
higher maintenance dose) are associated with a higher risk of opportunistic 
infections.

 – Mycophenolate is a component of the most commonly used regimen for many 
solid organ transplant recipients and frequently causes diarrhea. The medica-
tion history should be reviewed for any recent initiation or increase in dose of 
mycophenolate.
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 – Immunosuppressive medications such as tacrolimus also commonly cause 
magnesium wasting, requiring oral magnesium supplementation, which may 
in turn cause diarrhea.

 – Diarrhea may affect medication levels. For chronic diarrhea, immunosuppres-
sive medication trough levels should be reviewed and rechecked if necessary. 

• Exposures:

 – Antibiotics: Patients should be asked about any recent infections that may 
have been treated with antibiotics, including urgent care visits or dental infec-
tions. Antibiotic exposure increases the risk of antibiotic-associated diarrhea, 
Clostrioides difficile infection, as well as resistant pathogens.

 – Hospitalization: Recent hospitalization increases the risk of hospital-acquired 
organisms.

 – Travel: Solid organ transplant recipients frequently travel and do not 
always have pre-travel counseling (See Chap. 12). Given the increased sus-
ceptibility to opportunistic infections, if the patient has traveled recently, 
they may have acquired other infectious organisms not typically seen in the 
patient’s home region.

 – Food: Untreated sources of water may be a source of parasitic infections.

 Examination

• Vitals signs
• Mucous membranes, skin turgor, and other assessment of volume depletion
• Cardiopulmonary exam
• Abdominal exam, assess for tenderness, peritoneal signs, masses
• Stool for appearance of melena, emesis (if present) for appearance of blood

 Differential Diagnosis

Infectious causes of diarrhea in solid organ transplant recipients are discussed in 
more detail in Chap. 8. Following is a brief list (Table 9.3):

• Clostridioides difficile infection (CDI). Clostridioides difficile is the leading 
cause of infectious diarrhea in solid organ transplant recipients with incidence 
rates ranging from <1% to 23% [29, 30]. Higher rates occur in liver and lung 
transplant recipients and the lowest rates are in patients with kidney transplants 
[29, 31]. Compared to the general population, solid organ transplant recipients 
are at even greater risk for CDI due to immunosuppression, recent surgery, anti-
biotic treatments, ganciclovir prophylaxis, gastric acid suppression, and pro-
longed hospital stays [30]. Additional risk factors include enteral feeding, 
gastrointestinal surgery, obesity, cancer chemotherapy, hematopoietic stem cell 
transplantation, inflammatory bowel disease, and cirrhosis [32]. Although the 
use of multiple antibiotics, broad-spectrum antimicrobials, and longer durations 
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of antibiotic therapy clearly increase the risk for CDI, in immunosuppressed 
patients CDI is more likely to occur even in the absence of antibiotic use [33].
The illness spectrum of CDI ranges from asymptomatic carrier to mild or moderate 
diarrhea all the way to fulminant pseudomembranous colitis. In solid organ trans-
plant recipients the development of CDI increases rates of graft dysfunction and 
other infections such as cytomegalovirus (CMV) or pneumonia, results in mortal-
ity rates between 2.3% and 8.5%, and is an independent predictor of death [29].

• Cytomegalovirus. CMV infection is defined as the presence of CMV replication 
in the blood (positive DNA by PCR or nucleic acid amplification testing, positive 
CMV antigenemia, or positive CMV culture) and can be symptomatic or asymp-
tomatic. CMV disease is defined as CMV infection accompanied by clinical 
signs and symptoms. CMV disease may result in a CMV syndrome (fever, mal-
aise, atypical lymphocytosis, leukopenia or neutropenia, thrombocytopenia, and 
elevated hepatic transaminases) or end-organ CMV disease, including gastroin-
testinal disease, pneumonitis, hepatitis, nephritis, myocarditis, pancreatitis, 
encephalitis, and retinitis. CMV has a predilection to infect the transplanted 
allograft, hence more likely causing symptoms and end-organ damage in the 
grafted organ [34].

CMV infections most often occur between 30 days and 6 months after trans-
plantation, as this is the time when immunosuppression tends to be maximal. In 
patients not receiving CMV prophylaxis (duration depending on the type of 
transplanted organ, patient and donor serostatus, and transplant center protocols), 
CMV infection typically occurs within 3 months of transplantation. The onset of 

Table 9.3 Causes of diarrhea in solid organ transplant recipients

Infectious Non-infectious

Bacterial
  Enteric pathogens (e.g., E. coli, Shigella, 

Salmonella, Campylobacter)
  C. difficile
  Viral (e.g., CMV, norovirus, rotavirus)*
  Parasitic (e.g., Giardia, Cryptosporidium, 

Cystoisospora, Microsporidium, Cyclospora)

Medication side effect
  Mycophenolate
  Magnesium
  Antidepressants
  Stool softeners, laxatives
  Proton pump inhibitors
  Metformin
  Antibiotics
Gastrointestinal
  Irritable bowel syndrome
  Inflammatory bowel disease
  Microscopic colitis
  Small intestine bacterial overgrowth
  Malabsorption
Malignancy
  Gastrointestinal Lymphoma/PTLD
  Colon cancer
  Neuroendocrine tumors

*The emerging coronavirus COVID-19 (SARS-CoV-2) may present with gastrointestinal symp-
toms including diarrhea. At the time of this publication, data on this virus’ symptoms in solid organ 
transplant recipients continues to evolve
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disease may be delayed among patients receiving anti-CMV prophylaxis and 
also tends to occur within 3–6 months after completion of antiviral prophylaxis 
in CMV donor-positive/recipient-negative solid organ transplant  recipients [34].
Donor and recipient CMV serostatus prior to transplantation is the most signifi-
cant risk factor with the highest risk of infection occurring in CMV-seronegative 
recipients of a CMV-seropositive donor organ. In solid organ transplant recipi-
ents, the most common site of tissue invasive disease is the gastrointestinal tract, 
potentially causing esophagitis, gastritis, enteritis, and/or colitis. Typical symp-
toms include abdominal pain, diarrhea, and fever; however, signs may be subtle 
and present  as mild epigastric discomfort or dyspepsia. CMV gastrointestinal 
disease has been associated with disorders such as inflammatory bowel disease 
as well as co-infection with C. difficile. CMV hepatitis, cholangitis, cholangiopa-
thy, and pancreatitis also occur and may or may not have associated diarrhea [29].

In addition to causing direct symptoms and tissue-invasive disease, CMV 
infection can cause indirect effects such as allograft dysfunction or rejection and 
increased susceptibility to other opportunistic infections and death. One study 
demonstrated graft dysfunction in one of six patients with CMV-associated 
 colitis [35].

• Norovirus. More than 90% of non-bacterial infectious diarrhea cases are due to 
norovirus with outbreaks occurring year-round but most commonly during the 
winter months. Transmission occurs via fecal-oral route, contact with contami-
nated surfaces, or via inhalation of aerosols from vomitus. In immunocompetent 
patients, norovirus tends to cause acute diarrhea lasting a few days; however, 
either acute or chronic diarrhea can occur in solid organ transplant recipients. 
Many solid organ transplant recipients with norovirus will develop weight loss 
and acute renal failure due to volume depletion.

• Parasitic causes of diarrhea in solid organ transplant recipients are less common 
but important to consider especially when other etiologies are not identified. 
Giardia and cryptosporidium are among  the most common parasites to cause 
infection. If no diagnosis is made, then further investigation should be under-
taken for more unusual pathogens such as Microsporidia, Cystoisospora, 
Cyclospora, and other ova and parasites [29]. As endemic parasites vary world-
wide, local epidemiology should be considered.

Non-infectious Causes

• Drug-induced diarrhea. Drug-induced diarrhea is common in solid organ trans-
plant recipients and may be due to the direct effects of the immunosuppressive 
drugs or due to other medications commonly administered including antibiotics, 
colchicine, or laxatives.

 – Compared to other immunosuppressive medications, mycophenolate mofetil 
(MMF) or mycophenolic acid (MPA) are more commonly associated with 
gastrointestinal side effects including nausea, vomiting, and diarrhea [35, 36]. 
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The diarrhea associated with MMF and MPA is dose-dependent due to direct 
enterocyte damage. Diarrhea caused by mycophenolate may be bothersome 
but usually is not severe; however, in some cases, it may lead to dehydration, 
gastrointestinal hemorrhage, or perforations [37]. Additionally, a rarer disease 
similar to inflammatory bowel disease can occur.

 – Calcineurin inhibitors such as tacrolimus or cyclosporine can cause diarrhea 
due to their macrolide effects, which can increase gut motility [29].

 – Although less common, sirolimus and everolimus can also cause diarrhea.
 – Non-immunosuppressive medications commonly used in solid organ trans-

plant recipients that are frequently implicated in causing diarrhea include 
anti-bacterials, anti-arrhythmics, diabetic agents, laxatives, proton pump 
inhibitors, and magnesium supplementation. A careful review for these medi-
cations with dose adjustments or discontinuation may be appropriate with the 
guidance of the transplant team [29].

• Graft-versus-host disease (GVHD). GVHD is a multisystem disorder that occurs 
when the immune cells transplanted from a non-identical donor (the graft) recog-
nize the transplant recipient (host) as foreign, thereby initiating an immune reac-
tion that causes disease in the transplant recipient. GVHD is most commonly a 
complication of allogeneic hematopoietic cell transplant (HCT). It is a rare compli-
cation in solid organ transplant recipients, generally only occurring in liver and 
small intestine transplantation [29]. Acute GVHD usually occurs between 2 and 
6 weeks after liver transplantation; however, this can be variable with late onset 
cases seen in other transplant settings [38]. (Small intestine transplantation is not 
covered in this book). The clinical presentation of solid organ transplant- associated 
GVHD includes skin rash, diarrhea, abdominal pain, gastrointestinal bleeding, 
fever, and in most cases quickly advances to become a multisystem disease affect-
ing the bone marrow and other non-transplanted organs [29, 38]. The characteristic 
skin rash presents as red to violet maculopapular lesions first appearing on the 
hands and soles but may progress to the whole body, coalesce, and in severe cases 
lead to the development of vesicles or bullae. The mortality rate of SOT-associated 
GVHD can exceed more than 75% [38]. Diagnosis is based on clinical symptoms, 
pathologic changes in biopsied tissues, and systemic lymphoid chimerism.

• Post-transplant lymphoproliferative disorder (PTLD). Post-transplant lymphop-
roliferative disorder (PTLD) is an important malignancy to recognize in solid 
organ transplant recipients. It is a lymphoproliferative disorder with varying sub-
types, often similar to B-cell lymphoma, and is associated with higher levels of 
immunosuppression as well as unfavorable Epstein-Barr virus serostatus (donor 
positive, recipient negative).
PTLD can affect virtually any organ system and has a variable presentation. 
Extranodal masses occur in more than half of the cases of PTLD and can involve 
the gastrointestinal (GI) tract, lungs, skin, liver, central nervous system, and 
allograft. When PTLD occurs extra-nodally, the gastrointestinal system is most 
commonly affected. Since PTLD can occur anywhere along the GI system, 
symptoms may include chronic diarrhea, weight loss, protein-losing enteropathy, 
abdominal pain, and anorexia [29].
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• Small intestine bacterial overgrowth (SIBO). Small intestine bacterial over-
growth may account for more than 10% of cases of chronic diarrhea in solid 
organ transplant recipients. SIBO occurs when bacteria colonize the upper small 
bowel leading to malabsorption and diarrhea. Immunosuppression, exocrine 
pancreatic insufficiency, achlorhydria, anatomic abnormalities (e.g., ileocecal 
resection and blind loop syndrome), and small bowel motility disorders predis-
pose to SIBO. In many cases, the etiology may be multifactorial. Patients may be 
asymptomatic or symptoms can range from mild, mimicking irritable bowel syn-
drome (abdominal pain or discomfort, bloating, cramping, flatulence, chronic 
diarrhea), to severe, resulting in steatorrhea, malabsorption, and weight loss [39].

• Inflammatory bowel disease (IBD). Inflammatory bowel disease may occur de 
novo in solid organ transplant recipients but more commonly it presents as an 
exacerbation of preexisting disease. De novo development of IBD is ten times 
the incidence of IBD in the general population and is increased in CMV mis-
match patients (seropositive donor, seronegative recipient). Recurrent IBD fol-
lowing transplantation appears to have a more aggressive course than de novo 
IBD and many patients will require escalation in medical therapy or colectomy 
for refractory disease. The risk of IBD recurrence post-transplantation includes 
active disease at the time of transplantation, short duration of IBD prior to trans-
plantation, and the use of tacrolimus. Azathioprine and 5-aminosalicylates 
appear to be protective [39, 40].

• Microscopic colitis. Either subtype—lymphocytic colitis or collagenous coli-
tis—can cause chronic watery diarrhea. In one study of kidney and kidney- 
pancreas transplant patients, the incidence of microscopic colitis was 50-fold 
higher in the solid organ transplant recipients compared to the general popula-
tion. A definitive diagnosis requires histologic evaluation of large bowel biop-
sies [39].

• Colon cancer. Colon cancer risk may be increased in solid organ transplant 
recipients, and although rare, it may manifest as post-transplant diarrhea. Several 
studies have demonstrated a two- to threefold increased risk of colon cancer in 
transplant recipients. Cancers may also develop at a younger age and behave 
more aggressively [39].

 Additional Testing and Treatment

Given the broad differential diagnosis, solid organ transplant recipients who present 
with diarrhea require at least basic testing. With the above history, exam, and dif-
ferential diagnosis in mind, a suggested approach is shown in Fig. 9.1.

• The clinically unstable patient should be immediately transferred to an acute 
care setting such as the emergency department or admitted to the hospital. Signs 
of clinical instability include tachycardia, hypotension, orthostatic vital signs, 
intractable nausea or vomiting, severe abdominal pain or acute abdomen, melena, 
and hematemesis. Clinical judgment should be exercised in patients who are not 
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immediately unstable but appear to be at risk of becoming unstable—this cate-
gory includes patients who are not yet volume depleted but whose diarrhea is so 
profuse that they are not expected to be able to maintain hydration and patients 
who cannot tolerate oral intake in whom vital immunosuppressive medications 
may be missed. Additionally, strong consideration should be made for admitting 
frail or elderly solid organ transplant recipients who present with severe diarrhea, 
as the likelihood of volume depletion is high. The workup after admission is 
beyond the scope of this book, but it would typically include volume resuscita-
tion, and an expedited workup for infectious causes of diarrhea, often with con-
sultation from the transplant team and an infectious disease specialist; endoscopy 
will often be required for a tissue diagnosis and a gastroenterologist will need to 
be involved as well.

• In a stable patient, a workup is still recommended in almost all cases. This 
practice is in contrast to the general population, many of whom may be diag-
nosed clinically with a viral gastroenteritis and be treated with supportive 
care alone.
 –  Medications: It is recommended to stop any medications that may be causing 

or worsening diarrhea. However, any potential changes in immunosuppres-
sants should be directed by the transplant specialist. Medications are less 

Unstable

Stable

2. Evaluate based on time course

Transfer to acute care setting for volume
resuscitation, stool testing, consultation with
transplant team, infectious disease and/or
gastroenterology specialists

1. Assess clinical stability
History: ability to tolerate food, hydration, and medications;
symptoms of bleeding
Exam: Vital signs, orthostasis, abdominal exam, melena
Laboratory studies: severe electrolyte abnormalities or acute
kidney injury; severe anemia

Aucte (<14 days)

Check stool for enteric pathogens
-PCR panel if available (typically includes
common enteric bacteria, C diff,
cryptosporidium, cyclospora, entamoeba
histolytica, giardia, norovirus)
-if PCR panel not available, check
individually for infection: for very acute
presentations (e.g. < 1 week), stool culture
for bacterial enteric pathogens, C diff PCR;
if > 1 week and depending on risk factors
and exposures, consider checking giardia
antigen, ova and parasites (assays vary).
-Notify transplant team if renal function
impaired (may need adjustment in
immunosuppressive medication dosing).

Check for medications that cause diarrhea

Check serum CMV PCR (or other tests
depending on local availability)

If initial testing negative, test for giardia,
ova and parasites, specific assays for
microsporidia, cyclospora, cystoisospora if
not already done; consider
Gastroenterology and/or Infectious Disease
consultation; endoscopy may be indicated;
notify transplant team if not already done

Persistent (14-30 days) or Chronic (> 30
days)

Same workup as for acute diarrhea, but
test for parasitic infections upfront.

Consultation for colonoscopy +/- upper
endoscopy
-Especially important if concerned about
CMV infection, GVHD, PTLD, inflammatory
bowel disease, mycobacterial infection

Continue to evaluate for medication causes
of diarrhea

If above testing negative, consider:
-Evaluate for malabsorption: breath test for
bacterial overgrowth (14C-glycocholic acid
or D-xylose)
-Empiric therapy with probiotic, anti-
motility agent, and/or lactose-free diet

*Consider testing for COVID-19/SARS-CoV-2 depending on local epidemiology.

Fig. 9.1 Suggested approach to evaluation of diarrhea in solid organ transplant recipients*
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likely to be causal if the diarrhea is acute and severe in onset without recent 
medication changes; if there is associated nausea and vomiting; if there is 
severe abdominal pain or signs of bleeding; and if there are other signs of 
infection such as fever and chills.

 –  Acute diarrhea (<14 days):

Compared to immunocompetent patients, the evaluation of diarrhea in 
solid organ transplant recipients should be worked up more expeditiously 
due to the risk of severe complications. For very acute cases (e.g., diarrhea 
of 1–3 days’ duration) in solid organ transplant recipients who are >6 months 
since transplantation, evaluation for common bacterial pathogens and com-
mon viruses, as well as C. difficile is indicated. A serum CMV PCR is also a 
reasonable initial test as CMV colitis can occur late after transplantation, 
although this test by itself does not make a diagnosis of CMV colitis. For 
acute diarrhea in the 7–14 day period, it is additionally reasonable to con-
sider early testing for parasitic causes, depending on the results of the initial 
testing (if completed) and exposure history.

If available, a stool enteric pathogen PCR panel that includes bacterial 
pathogens, C. difficile, and common viruses is a good initial assay in addition 
to the serum CMV PCR. If not available, then bacterial and viral pathogens 
can be tested separately from the Giardia antigen and ova and parasite testing.

If the initial testing is negative and the diarrhea persists, then consultation 
with a gastroenterologist is indicated, as workup for CMV colitis with endos-
copy, and/or testing for SIBO, may be required.

–  Persistent (14–30 days) and chronic diarrhea (>30 days):
If the patient presents late in the course with prolonged diarrhea, then all testing 
for acute causes should still be performed, although bacterial enteric pathogens 
become less likely to be a cause. In solid organ transplant recipients, viruses 
such as norovirus can lead to a chronic diarrhea not typical of immunocompe-
tent hosts. In addition, testing for parasitic causes should be performed. As men-
tioned above, a serum CMV PCR and a stool multi-assay for bacterial pathogens, 
viruses, C. difficile, and parasites are reasonable first steps if available.

If the initial testing is negative, then consultation with a gastroenterologist 
familiar with immunosuppressed patients is appropriate for consideration of 
colonoscopy and possible upper endoscopy to evaluate for CMV infection, 
inflammatory bowel disease, microscopic colitis, and malignancy, depending 
on the overall clinical suspicion. Note that the definitive diagnosis of CMV 
infection requires biopsy for histopathology and that the CMV viral load by 
blood test can be negative but tissue gastrointestinal examination positive—
when uncertain, a transplant infectious disease specialist should be consulted.

• Treatment is directed at the underlying etiology if found. Empiric treatment (e.g., 
antibiotics) is generally discouraged in a stable patient, with preference to mak-
ing a correct diagnosis.

• If no clear cause is found, the primary care provider should continue to work with 
the transplant team and gastroenterology consultant to consider adjustments in 
medications, as well as further workup for malabsorption and less common causes 

9 Common Symptoms in the Adult Solid Organ Transplant Recipient



220

of diarrhea. Empiric treatment with anti-diarrheal medications is appropriate if 
infectious causes are ruled out; some authors also recommend a trial of probiotics.

• For a more detailed discussion of infectious causes, see Chap. 8. Note that the 
evaluation algorithm above differs slightly from infectious disease guidelines to 
reflect triage for clinical factors and time course.

• COVID-19/SARS-CoV-2: The novel coronavirus may present with gastrointes-
tinal symptoms. Depending on local epidemiology, this virus should be consid-
ered in the differential diagnosis of solid organ transplant recipients presenting 
with diarrhea.  However, optimal diagnostic and treatment strategies are still 
being determined–local public health guidelines in combination with transplant 
infectious disease specialists should be consulted regarding assessment for and 
treatment of COVID-19 in this population.

 Dermatologic Issues in Solid Organ Transplant Recipients

Skin manifestations occur commonly in solid organ transplant recipients. The most 
common occurrence is skin cancer. Infections, graft versus host disease, and cos-
metic complications of immunosuppressive agents should also be considered.

 Malignancy

The risk of malignancy increases in solid organ transplant recipients due to the 
long-term use of immunosuppressive therapies (see Chap. 10). The most common 
site to develop malignancy is the skin, accounting for up to 40% of malignancies in 
solid organ transplant recipients. Skin cancers in solid organ transplant recipients 
are more aggressive, invasive, and metastatic compared to healthy controls [41]. A 

Key Points

• As with all solid organ transplant recipients presenting with a new symp-
tom, a thorough history and directed exam should be performed.

• An early workup for infectious causes is generally indicated for solid organ 
transplant recipients who present with diarrhea, especially if other infectious 
symptoms are present and no obvious recent medication change was made.

• Infectious workup generally includes serum CMV PCR and stool tests for 
enteric bacterial pathogens (more likely in acute diarrhea), C. difficile (any 
duration), viruses (any duration), and parasitic causes (more likely persis-
tent or chronic).

• Invasive testing with colonoscopy may be required if initial testing is negative, 
or to assess for CMV gastrointestinal disease and inflammatory bowel disease.

• Consultation with a gastroenterologist and infectious disease specialist is 
often indicated if the initial workup is negative, or to assist with prioritiz-
ing testing and empiric treatment.
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variety of factors increase the development of skin cancer, including intensity and 
duration of immunosuppression, ethnic background, sun exposure history, and geo-
graphic location. More than 50% of skin cancers will develop in white solid organ 
transplant recipients with rates of approximately 6% in nonwhite solid organ trans-
plant recipients [42, 43]. Interestingly, as opposed to white patients, in nonwhite 
patients two-thirds of these skin cancers develop in partial sun-exposed areas or 
sun-protected areas including the genitals [44]. (Note the terms “white” and “non-
white” are listed here because these categories were used in these studies).

Regular skin exams are important in the care of the solid organ transplant recipi-
ent. The frequency of skin examination may range from once yearly if there is no 
history of skin cancer or actinic keratosis (AK) to every 3–6 months in the setting of 
nonmelanoma skin cancers, AKs, and melanomas. The recommended frequency of 
skin exams varies depending upon risk factors, medical history, degree of immuno-
suppression, and history of type and number of skin cancers. Rapidly developing 
tumors, aggressive tumors, or metastatic skin cancer requires more frequent exams 
usually every 4–6 weeks. Skin cancer exams should also include palpation of lymph 
nodes. Involvement of dermatologists in the care of solid organ transplant recipients 
is often indicated. The use of chemoprevention of skin cancer may be appropriate in 
some patients and should be guided by dermatologists.

 Nonmelanoma Skin Cancers (NMSC)

Nonmelanoma skin cancers including squamous cell carcinomas (SCC) and basal 
cell carcinomas (BCC) occur the most often. However, solid organ transplant recipi-
ents are also at risk for melanoma and Kaposi sarcoma. As compared to the general 
population in whom BCCs are more common, solid organ transplant recipients are 
65–250 times more likely to develop SCC and 6–16 times more likely to develop 
BCC [43, 45, 46]. As the time from transplantation increases, the risk of skin cancer 
also increases. Based on a large cohort of over 10,000 adult United States transplant 
recipients who received their primary transplant in 2003 and were followed for a 
median time of 6 years, the predictors of post-transplant skin cancer included the 
following (in order of importance): white race, history of pre-transplant skin cancer, 
age at transplantation ≥50 years, male sex, and thoracic organ transplant [47]. Several 
other large studies found similar findings and predictors for skin cancer [48, 49].

The proposed pathogenesis for higher rates of skin cancer in solid organ trans-
plant recipients includes the effects of immunosuppressive medications in reducing 
immune surveillance and leading to the survival and proliferation of atypical cells; 
direct or contributory carcinogenic effects of the calcineurin inhibitors such as aza-
thioprine and cyclosporine; or proliferation of oncogenic viruses [41].

In patients with very little natural skin pigment, SCC most often develops in sun- 
exposed areas. The development of SCC on non-sun-exposed areas is much less 
common overall; however, SCC in sun-protected areas more commonly occurs in 
patients with more pigmented skin. The development of SCC within areas of chronic 
inflammation and scarring is also more likely to occur in patients with more pig-
mented skin. In addition to examining sun-exposed areas, close inspection of the 
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anus, genitalia, and periungual region (most often due to HPV exposure) and sites of 
chronic inflammation and scarring is important. SCC arising on the external ear or at 
mucocutaneous interfaces such as the lips, genitalia, and perianal areas tend to be 
more aggressive with rates of metastasis estimated to range from 10% to 30% [50].

The typical description of an SCC in immunocompetent patients includes the 
development of one or more red, scaly, well-demarcated superficial plaques. Lesions 
may also be papular, nodular, skin-colored, or pigmented or present as a cutaneous 
horn. The pigmented variant is more common in patients with more darkly pig-
mented skin. The appearance of SCC may change depending upon the location and 
one should maintain a high level of suspicion when evaluating persistent skin lesions.

Numerous SCC or actinic keratosis may develop in solid organ transplant recipi-
ents especially if they have light natural skin pigment and a history of extensive sun 
exposure. The scalp and back of the hands are common sites for multiple SCC or 
AKs. The incidence and mortality of SCC are increased in transplant recipients. 
Solid organ transplant recipients are also more likely to develop lip cancer [51]. 
Pain is not a typical symptom of SCC; however, in solid organ transplant recipients, 
this could indicate an invasive tumor which may be associated with increased over-
all mortality [52].

Nodular basal cell skin cancer is the most common type of BCC; however, there 
are other subtypes of BCC including superficial, pigmented, and infiltrating. 
Therefore, high clinical suspicion is needed for BCC when not presenting in the 
more familiar nodular manner. The typical presentation of nodular BCC in immu-
nocompetent and solid organ transplant recipients is as a pearly papule(s) or 
nodule(s) with rolled borders and overlying telangiectasias in sun-exposed areas. 
Ulceration and focal pigmentation are often seen.

Shave, punch, or excisional biopsies may be used for the diagnosis of SCC or 
BCC. Ideally, biopsies should extend to at least the mid-reticular dermis in order to 
allow for adequate evaluation of invasive disease. Once diagnosis is confirmed, 
referral to dermatology surgery for additional resection is often needed.

 Melanoma

Melanoma risk is increased in solid organ transplant recipients. Based on information 
from a large investigation conducted in the United States, it has been shown that the 
incidence of melanoma increases sharply in the first 4 years after transplantation 
before declining steadily. Risk also increases with the intensity and duration of 
immunosuppression. Compared to the general population, the risk of melanoma is 
more than twofold higher in solid organ transplant recipients with higher rates in 
kidney transplant recipients than in liver or lung recipients. Male sex, increasing age, 
and azathioprine maintenance therapy were also associated with increased rates of 
melanoma [53]. These risk factors along with the use of cyclosporine or sirolimus 
were confirmed by another large study in renal transplant recipients [54]. Transmission 
of melanoma from organ donors to organ recipients has also been reported. Compared 
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to non-transplanted patients, melanoma-specific mortality is higher in transplant 
recipients even when stage and treatment are taken into account [55].

Although melanoma is more common in patients with less skin pigment, the risk 
of melanoma may still be increased in patients with more skin pigment with certain 
solid organ transplants. Based on a large study of renal transplant patients, it has 
been shown that the annual incidence of melanoma was 17 times greater in African- 
American transplant recipients than in the African-American general popula-
tion [56].

There are four main subtypes of melanoma: superficial spreading (most common 
type), nodular melanoma, lentigo maligna melanoma, and acral lentiginous mela-
noma (the least common type). The appearance of the melanoma will vary based on 
the subtype but several features will be shared. Utilizing the rules of the ABCDEs 
when evaluating pigmented lesions is helpful. These include Asymmetry of pig-
mented lesions, irregularity of Borders, change or variegation of Color, large 
Diameter (greater than 6 mm), and Evolution. Ulceration and bleeding are generally 
late signs. The majority of melanomas arise de novo; however, about 30% may arise 
from a preexisting nevus. Although most melanomas are pigmented, some may 
appear to lack or contain little pigment and are referred to as amelanotic melanoma.

When suspicion for melanoma is high, punch or excisional biopsy is recom-
mended. Sampling the entire lesion is recommended when possible. Ideally, the 
biopsy should reach the subcutaneous fat plane. This provides enough depth of tis-
sue for the dermatopathologist to visualize the melanoma and provide accurate stag-
ing parameters that guide treatment decisions and prognosis.

 Kaposi Sarcoma

Immunosuppression increases the risk of the herpes human virus-8 (HHV-8)-
associated Kaposi sarcoma (KS). Rates of KS are highest in males, patients with 
less skin pigment, and lung transplant recipients. KS develops rapidly after organ 
transplantation with a mean interval of 13 months [42].

KS lesions may be faint, red-purple macules, papules, plaques, tumors, or nod-
ules. They are often oval and may form along the lines of skin cleavage. In people 
with more skin pigment, lesions may be more subtle and easy to miss. Assessing for 
KS should including looking for hues of red and purple on a darker background, 
and  assessment of  associated local lymphadenopathy. Koebnerization (lesions 
occurring in areas of trauma) can occur. Cutaneous and/or mucosal lesions occur 
approximately 90% of the time. Most common areas of involvement are the trunk 
and central face, especially the nose. Visceral involvement develops in 25–30% of 
renal transplant recipients and 50% of heart or liver transplant recipients. The most 
frequently involved organs include the GI tract, lungs, and lymph nodes [42].

Punch or excisional skin biopsy is recommended for diagnosis and allows for the 
evaluation of the dermis and subcutis.
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 Infection

Immunosuppression in the setting of solid organ transplantation predisposes patients 
to the development of dermatologic infections. Etiology may be bacterial, myco-
bacterial, viral, or fungal. Often patients will experience co-infections. Human pap-
illoma virus–associated warts are also common. The characteristic appearances of 
these infections may be altered in the setting of a transplant. Consequently, micro-
biologic and histologic tests should not be delayed. Within the first 3 months after 
transplantation, common bacterial and viral infections predominate. In the later 
period after transplantation, more rare bacterial infections and opportunistic infec-
tions such as those caused by fungi may be seen. (See Chap. 8).

 Graft-Versus-Host Disease (GVHD)

GVHD is a multisystem disorder which is most commonly a complication of allo-
geneic hematopoietic cell transplant (HCT) and occurs when the immune cells 
transplanted from a non-identical donor (the graft) recognize the transplant recipi-
ent (host) as foreign, thereby initiating an immune reaction that causes disease in 
the transplant recipient. The development of GVHD is very rare in solid organ trans-
plant patients but it is potentially lethal. Solid organ transplant–associated GVHD 
most commonly occurs in liver and small bowel transplants  recipients usually 
between 2 and 6 weeks after transplantation. Late onset cases, however, have been 
seen in other transplant settings [38].

The clinical presentation of solid organ transplant–associated GVHD is variable. 
The organs most frequently involved are the skin, liver, and intestinal mucosa. In 
most cases, GVHD quickly advances to a multisystem disease that affects the bone 
marrow and other non-transplanted organs [38].

There is both an acute and a chronic form of cutaneous GVHD. Acute disease 
usually develops within 2–4 weeks of stem cell infusion around the time of engraft-
ment. Chronic cutaneous GVHD usually develops within a mean of 4 months after 
transplantation [57]. Acute disease typically presents as red to violet maculopapular 
lesions first appearing on the hands and sole but may progress to the whole body, 
coalesce, and in severe cases lead to the development of vesicles or bullae or a toxic 
epidermal necrolysis-like picture. Chronic cutaneous GVHD manifests with muco-
cutaneous lesions and sclerotic (resembling scleroderma) and non-sclerotic (lichen 
planus-like) skin lesions. In rare cases, hyperacute cutaneous GVHD can occur with 
the onset prior to day 14 following transplant. Hyperacute GVHD manifests with 
high fevers and more severe skin disease [58].

The mortality rate of solid organ transplant–associated GVHD can exceed more 
than 75% [38]. Skin biopsy may support clinical impression; however, skin biopsies 
are not always reliable in differentiating GVHD from drug eruptions, viral exan-
thems, eruption of lymphocyte recovery, and toxic erythema or chemotherapy. 
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Dermatology involvement is encouraged to aid in diagnosis and treatment. Systemic 
therapy is generally required for management of patients with acute GVHD. High- 
potency topical steroids may be helpful in patients with limited skin disease and no 
systemic involvement.

 Cosmesis

Immunosuppressive medications have been associated with a variety of cosmetic 
skin changes, including but not limited to acne, alopecia, hypertrichosis, sebaceous 
hyperplasia, stomatitis, gingival hyperplasia, and Cushingoid features. When new 
dermatologic conditions develop, a review of potential medication side effects is 
necessary. Common immunosuppressives that may cause cosmetic skin changes 
include azathioprine, cyclosporine, glucocorticoids, mycophenolate mofetil, 
rapamycin, and tacrolimus.

 Conclusion

Care of the solid organ transplant recipient will require the primary care provider to 
be familiar with common symptoms that may be first encountered in the outpatient 
clinic, including respiratory symptoms, urinary symptoms, diarrhea, and skin prob-
lems. The initial approach to evaluating these symptoms requires recognizing key 
differences between solid organ transplant recipients and the general population, 
including having an expanded differential diagnosis, being aware of medication side 
effects, considering an increased risk of infection and malignancy, and knowing 
when a workup needs to be performed more quickly or with more testing. In many 
cases, earlier consultation or triage to a higher level of care is necessary. With atten-
tive care, the primary care provider can appropriately evaluate, triage, and manage 
the solid organ transplant recipient who presents to the outpatient clinic with these 
symptoms.

Key Points
• Routine skin exams are recommended for solid organ transplant recipients 

because of the high incidence of skin cancers.
• A complete skin exam is indicated, as skin cancers may arise in partial sun- 

exposed areas or sun-protected areas, especially in patients with more skin 
pigment.

• The incidence of both basal cell carcinoma and squamous cell carcinoma 
is increased in solid organ transplant recipients, but in contrast to the gen-
eral population, squamous cell carcinoma is relatively more common than 
basal cell carcinoma.
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Chapter 10
Cancer Risk in the Adult Solid Organ 
Transplant Recipient

Deborah Greenberg

 Introduction

Cancer is a leading cause of morbidity and death in solid organ transplant (SOT) 
recipients [1–3]. The overall malignancy risk is higher in this population for a vari-
ety of reasons, including factors related to the recipient’s underlying medical condi-
tions, oncogenic viruses, and therapeutic immunosuppression. This increased risk is 
often expressed as excess absolute risk (EAR) of developing cancer compared to the 
general age-matched population, the standardized incidence ratio (SIR)—the num-
ber of observed cancers in solid organ transplant recipients divided by the expected 
number of cases in the general population, or the standardized mortality ratio 
(SMR)—the observed cancer deaths in solid organ transplant recipients compared 
to the expected in the general population. The cancers with the greatest increased 
incidence are skin cancer, post-transplant lymphoproliferative disorders (PTLD), 
and solid tumors of the lung, liver, and kidney [4]. Malignancy in solid organ trans-
plant recipients is often more aggressive, more difficult to treat, and portends a 
poorer prognosis compared to the non-transplant population [2]. Solid organ trans-
plant recipients have an increased risk of cancer-related death that is greater than 
twice the general population [2, 5]. Screening for precancerous and cancerous 
lesions as well as risk factors for post-transplant malignancy such as viral infections 
and smoking is paramount prior to transplantation. Following solid organ transplan-
tation, increased surveillance is essential for early diagnosis and treatment of this 
potentially devastating complication. The primary care provider can play a vital role 
in the prevention and diagnosis of cancer in solid organ transplant recipients.
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 Overview

In the United States, a solid organ transplant recipient’s risk for post-transplant 
cancer is estimated to be 1000–1500 per 100,000 person-years. This is over 2 
times that of the general population and an EAR of 0.7% per year [4]. The cumu-
lative 5-year, 10-year, and 20-year incidence of non-cutaneous cancer following 
transplantation is roughly 4–7% [6], 10–15% [7, 8], and 20–30% [8], respectively. 
In general, the risk increases with age and has been found to be higher in men [4], 
although a Catalonian study of kidney transplant recipients found a significant 
increased risk in women only (SIR 1.18) [8]. Patients transplanted at a younger 
age have the greatest overall increased risk of cancer (15–30 times the risk of 
peers) compared to patients transplanted later in life (risk 2 times greater if trans-
planted at age > 65 years) [9]. The mean time to develop post-transplant solid 
tumors is 4–6 years [3, 10]. Lung transplant recipients have the highest cumula-
tive incidence of non-cutaneous malignancy followed by heart, liver, and then 
kidney recipients [6]. Cancer mortality following solid organ transplantation is 
also significantly elevated compared to the general population (SMR 2.84) [3]. 
Using mortality data from over 11, 000 solid organ transplant recipients with 
 cancer in the Transplant Cancer Match Study, D’Arcy and colleagues found that 
death from certain cancers was higher in this population compared to patients 
with the same cancer but no prior transplantation. This increase in cancer- specific 
mortality was particularly true for melanoma, bladder cancer, and breast 
 cancer [11].

Immunosuppression magnifies known risk factors for cancer including host 
behaviors (smoking, alcohol intake, sun exposure) and oncogenic infectious 
agents, primarily viral. Proposed mechanisms of malignant pathogenesis in solid 
organ transplant recipients beyond immunosuppression and oncogenic infections 
include chronic inflammation, immune activation, and loss of immune surveil-
lance from underlying medical conditions. Similarities have been drawn between 
the increased risk of cancer in patients with human immunodeficiency virus (HIV) 
and patients who have received solid organ transplantation. While the increased 
risk of several types of cancers is similar between these immunosuppressed 
patient populations, transplant recipients have increased susceptibility to some 
malignancies, including colorectal and thyroid cancers, which are not increased in 
the patients with HIV.

Overall survival following the diagnosis of malignancy in the post- transplantation 
setting is poor. In a study of post-liver transplantation recipients, 10-year overall 
survival was 49.4% in patients who developed a solid organ cancer compared to 
88.3% without cancer [7]. Treatment of malignancy following solid organ trans-
plantation is not straightforward. Consideration must be given to the overall prog-
nosis of the patient, the need for maintenance immune suppression to prevent graft 
rejection, and the increased risk for infection, organ dysfunction, and drug 
interactions.
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 Predisposing Factors

 Underlying Medical Conditions and Behaviors

Certain underlying chronic medical conditions for which the patient may undergo 
solid organ transplantation such as end-stage renal disease (ESRD), cirrhosis, and 
chronic obstructive pulmonary disease (COPD) are themselves associated with an 
increased risk of malignancy. Patients treated with dialysis for end-stage renal dis-
ease (ESRD) are at significantly increased risk for cancers of the kidney, bladder, 
thyroid, liver, skin, lungs, and multiple myeloma even without kidney transplanta-
tion [12, 13]. Patients with COPD are at higher risk for lung cancer and colorectal 
cancer (CRC) than the general population. In a Swedish study, patients with COPD 
were at significantly increased risk of post-lung transplantation skin cancer (SIR 27), 
lung cancer (SIR 19.8), CRC (SIR 11.4), and non-Hodgkin lymphoma (NHL) 
(SIR 39) compared to those without COPD [14].

Smoking and alcohol are risk factors for malignancy in the general population, 
especially for cancers of the head and neck, esophagus, lungs, kidney, and urinary 
tract. Solid organ transplant recipients who used tobacco or alcohol in excess prior 
to transplantation or who resume use following transplantation are at increased risk 
for de novo malignancy. As an example, patients who received a liver transplant for 
alcoholic liver disease and those with a prior history of alcohol abuse have a two- to 
threefold increased risk of de novo solid tumors following transplant [15–17]. A 
history of prior smoking or active smoking are also independent risk factors (RR 
8.5, 4.4, respectively) for post-liver transplant de novo smoking-related (lung, oral, 
esophageal, urinary tract) cancers [15–17].

Obesity has been identified as an independent risk factor for de novo malignancy 
following liver transplantation, especially in non-smoking-related malignan-
cies [15].

 Oncogenic Infections

Epstein-Barr virus (EBV), human herpes virus 8 (HHV-8), human papilloma virus 
(HPV), hepatitis B, hepatitis C, cytomegalovirus (CMV), and the Merkel cell poly-
omavirus have been implicated as causative agents in malignancies that develop 
after solid organ transplantation.

Human papillomavirus (HPV), a sexually transmitted, double-stranded DNA 
virus that infects mucosal and cutaneous epithelial cells, is typically held in check 
by T-cell-mediated immunity. Certain high-risk strains (hrHPV), especially 16 and 
18, are felt to be a causative agent and promote growth of certain types of oral, cer-
vical, vaginal, vulvar, penile, and anal cancers. Loss of cell-mediated immunity due 
to post-transplant immunosuppressive medications leads to viral reactivation in 
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latently infected cells, reduces a patient’s ability to spontaneously clear new HPV 
infections, and subsequently leads to malignant transformation and promotion in 
mucosal and cutaneous epithelial cells [18]. As a consequence, HPV-related precan-
cerous and cancerous lesions are seen more frequently in solid organ transplant 
recipients [4, 19]. The role of HPV in squamous cell carcinoma of the skin in post- 
transplant patient is less clear but may be a contributing factor [18].

Epstein-Barr virus (EBV) is a major contributor in most cases of post-transplant 
lymphoproliferative disorder (PTLD) [20]. Iatrogenic immunosuppression leads to 
poor immune control of EBV, B-cell transformation, and proliferation through a 
variety of mechanisms.

 Immunosuppressive Medications

Immunosuppression likely plays the largest role in the increased cancer incidence 
seen in solid organ transplant recipients. The interactions between immunity and 
cancer development are unique to this patient population due to the need for thera-
peutic immunosuppression to prevent graft rejection following solid organ trans-
plantation. Immunosuppressant medications promote malignant tendencies of 
oncogenic viruses, but some are also likely carcinogenic themselves. A variety of 
mechanisms that create an imbalance in the immune response, as well as direct 
DNA damage, have been proposed. The type, intensity, and duration of immunosup-
pressive agents all seem to contribute to the malignancy risk.

Immunosuppressants in general, but calcineurin inhibitors (CNIs) in particular, 
contribute to malignancy development following solid organ transplantation 
largely through their impact on T cells. With CNIs, specifically cyclosporine and 
tacrolimus, this appears to be a dose-dependent and cumulative dose effect [15]. 
As the name suggests, CNIs inhibit calcineurin, a phosphatase important in T-cell 
proliferation. A higher mean blood concentration of calcineurin inhibitor or a 
greater cumulative dose is associated with a greater risk of post-transplant malig-
nancy. In a study of 247 liver transplant recipients, patients with the highest tacro-
limus blood mean concentrations were twice as likely to develop solid organ 
tumors [7].

The anti-proliferation agent azathioprine has also been implicated in the promo-
tion of malignancy in solid organ transplant recipients. Azathioprine, which impacts 
DNA repair mechanisms and boosts photosensitivity, is associated with elevated 
risk of nonmelanoma skin cancers and PTLD. In a meta-analysis incorporating data 
from 27 studies, azathioprine increased the incidence of squamous cell carcinoma 
of the skin in a variety of transplant recipients (HR 1.56) compared to other immu-
nosuppression regimens [21].

Immunosuppressive medications which may be associated with a lower risk of 
post-transplant malignancy include sirolimus, a mammalian target of rapamycin 
(mTOR) inhibitor, and mycophenolate mofetil (MMF) and its active metabolite, 
mycophenolic acid (MPA). mTOR inhibitors may have an antineoplastic effect in 
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some settings and look promising in reducing the impact of squamous cell skin 
cancer in post-transplantation populations, although this finding has not been con-
sistently seen [22–26].

 Donor-Transmitted Cancer

Rare reports of cancers thought to be transmitted by the donor organ have occurred. 
Living donors are screened based on age and gender appropriate guidelines. Despite 
adequate screening, donor-derived cancers may occur as frequently as once per 
5000 living donations [1].

 Skin and Lip Cancer

Nonmelanoma skin cancer (NMSC) is the most common cancer seen in solid organ 
transplant recipients [27, 28]. In contrast to the general population, squamous cell 
carcinoma (SCC) is more commonly seen than basal cell carcinoma (BCC) by a 
ratio of 4:1 [1]. Solid organ transplant recipients are at much greater risk (30- to 
50-fold) of nonmelanoma skin cancers including SCC (50- to 100-fold), BCC (ten-
fold), Merkel cell carcinoma (MCC), and Kaposi’s sarcoma (50-fold) compared to 
the general population [1, 27]. They also have poorer outcomes from these malig-
nancies, including death (SMR 29.82) [3, 22].

In a large study of US solid organ transplant recipients, the overall incidence rate 
of skin cancer was 1437 per 100,000 person-years with the vast majority (94%) 
being SCC (1355 per 100,00 person-years). Melanoma is much less common to 
(125 per 100,000 person-years) [27]. The incidence of squamous cell skin cancer 
following solid organ transplantation may be declining with changes in the intensity 
and types of therapeutic immunosuppression regimens [29]. Medications including 
calcineurin inhibitors and azathioprine appear to confer a greater risk of SCC com-
pared to mTOR inhibitors.

Risks for post-transplant SCC include pre-transplant skin cancer, age > 50 years 
at time of transplant, male gender, white race, time period during which the trans-
plant was performed (reflecting immunosuppression regimen used in that era), and 
type of organ received [27, 29]. Heart transplant recipients have the highest risk, 
followed by lung transplant recipients. The SIRs in a Norwegian study were 51.9 for 
SCC, 2.4 for melanoma, and 54.9 for Kaposi’s sarcoma. Additional risk factors in 
this study included sun exposure and time since transplant. Not surprisingly, human 
herpesvirus 8 (HHV-8) infection was a risk factor for Kaposi’s sarcoma [29].

Patients should be screened regularly for skin changes and receive education 
regarding the use of sunscreen, sun exposure avoidance, and the need to report any 
skin changes to their primary care provider. Potentially precancerous lesions such as 
actinic keratoses should be treated aggressively as they have a greater chance of 
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malignant transformation (30%) compared to the general population (1–10%). 
Following an initial diagnosis of skin cancer, solid organ transplant recipients are at 
high risk for recurrent skin cancer [22].

Solid organ transplant recipients also have a higher incidence of in situ (SIR 26.2) 
and invasive lip cancer (SIR 15.3) [30]. Risk factors for cancer of the lip in this popu-
lation include male gender, white race, prior NMSC, and treatment with azathioprine 
or cyclosporine. In addition to a thorough skin exam, primary care providers should 
examine the lips for any changes as part of their regular examination in this population.

 PTLD (Post-Transplant Lymphoproliferative Disorder)

 Epidemiology

In the United States, post-transplant lymphoproliferative disorder (PTLD) repre-
sents 20% of post-SOT malignancy and is the second most common cancer follow-
ing solid organ transplantation [4]. In the adult solid organ transplant population, 
non-Hodgkin lymphoma (NHL), particularly diffuse B-cell lymphoma, is a feared 
complication. The risk of non-Hodgkin lymphoma is sevenfold greater than the 
general population with an incidence of 194 per 100,000 person-years and an excess 
risk of 168.3 per 100,000 person-years [4]. Non-Hodgkin lymphoma was the most 
common cancer-related death (SMR 16.6) in a cohort of liver and cardiothoracic 
transplant recipients [5]. Both nodal and extra-nodal lymphomas occur more fre-
quently in solid organ transplant recipients. The risk is lower if the transplant occurs 
between the ages of 35 and 50 years as opposed to <35 or > 50 years. The risk for 
non-Hodgkin lymphoma varies by the type of organ transplanted (lung > heart, liver 
> kidney). The risk of death from NHL is significantly higher in this patient popula-
tion compared to non-transplant patients (SMR 9.76) [3]. Heart and lung transplant 
recipients are at the greatest increased risk of death from NHL [3]. PTLD causes 
significant risk to the patient due to the need to reduce immunosuppression, the 
potential for the cancer directly involving the allograft, and the impact of treatment 
(e.g. chemotherapy, surgery, radiation, antiviral therapy), which can further cause 
infection, organ dysfunction, and mortality.

 Pathophysiology and Classification

PTLD is a heterogeneous, typically multisystem, group of lymphoid disorders. 
PTLD is due largely to the EBV-fueled proliferation of the recipient’s lymphoid 
cells, primarily B cells, and has a wide range of clinical presentations. EBV plays a 
role in many cases of PTLD, especially those occurring in the early (<1 year) post- 
transplant period. Primary EBV infection from the donor organ or the community 
can be causal in adults, but more commonly occurs in children who were EBV 
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seronegative at the time of transplant. In the vast majority of cases, previously latent 
EBV-infected recipient B lymphocytes multiply in the setting of impaired T-cell 
immunity from therapeutic immunosuppression. PTLD originating from the donor 
organ is generally limited to the allograft in EBV seropositive recipients but can be 
more widespread in EBV naïve patients who receive an EBV-positive organ. Cases 
of EBV-negative PTLD are less common although may be increasing and associated 
with a later onset and poorer outcomes [20, 31].

There are six main subtypes of PTLD (Table 10.1). Monomorphic PTLD, the 
most common form of PTLD in adult solid organ transplant recipients, encom-
passes B- and less frequently T-cell lymphomas. Plasmacytic hyperplasia typically 
manifests as early involvement of lymph tissue, is seen in EBV seronegative recipi-
ents, and can regress spontaneously. Polymorphic PTLD is the most common sub-
type seen in children.

 Risk Factors

Overall, the lifetime risk of PTLD is approximately 1–4% in adults and 8% in chil-
dren [32, 33]. Incidence ranges vary based on organ transplanted and period of time 
studied (range 3 years to 20 years): 1–3% with kidney and liver transplant, 1–12% 
in heart and lung recipients, and 20–30% with small bowel transplant [20, 31]. Risk 
factors for PTLD include not only the type of transplant, but also age and EBV 
status of the patient at the time of transplantation and the type and intensity of 
immunosuppression (Table 10.2). Younger patients (age 0–35 years), particularly 
those who are EBV seronegative at time of transplantation, have the highest risk 
[32, 33]. Lung and heart recipients over age 50 years also have higher risk, perhaps 
due to the immunosuppressive regimens used for these transplants [6, 20]. Because 

Table 10.1 2017 World Health 
Organization histopathological 
classification of PTLD [20]

Non-destructive PTLDs
  Plasmacytic hyperplasia
  Infectious mononucleosis
  Florid follicular hyperplasia
Polymorphic PTLD
Monomorphic PTLDs
  B-cell neoplasms
   Diffuse large B-cell lymphoma
   Burkitt lymphoma
   Plasma cell myeloma
   Plasmacytoma
   Other
  T-cell neoplasms
   Peripheral T-cell lymphoma, NOS
   Hepatosplenic T-cell lymphoma
   Other
  Classical Hodgkin lymphoma PTLD

Reprinted with permission
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latent EBV-infected B lymphocytes are held in check by cytotoxic T-lymphocytes 
(CTLs), immunosuppression regimens that impair or deplete these T cells, such as 
the induction agents muromonab-CD3 (OKT3 ®) and anti-thymocyte globulin 
(ATG), increase risk for B-cell proliferation and PTLD [34].

 Presentation

Patients may be asymptomatic, but common symptoms are non-specific including 
sore throat, fever, night sweats, abdominal pain, weight loss, and fatigue [20]. 
Patients may also present because of site-specific symptoms, such as a new- onset 
cough with lung involvement, bleeding in gastrointestinal tract PTLD, or altered 
mental status or headache with central nervous system disease. Patients should be 
monitored closely if they develop new symptoms and PTLD considered if symp-
toms do not improve or resolve as expected.

PTLD tends to occur early (within 1 year of transplant), late (4–7 years or more 
after transplant), or very late (>7–10 years after transplant) [4, 20, 33]. In a group of 
US kidney transplant recipients with PTLD, 58% occurred in the first year after 
transplantation [32]. EBV-negative PTLD tends to occur later. PTLD can involve 
nodal and extra-nodal sites. Extra-nodal sites may include the allograft (10–15% of 
cases), and can lead to organ dysfunction, or may involve the central nervous system 
(CNS) (5–20% of cases), skin, GI tract (20–30% of cases), lungs, or liver [35]. 
PTLD primarily involved the allograft in years 0–2 post-transplant, CNS in years 
2–7, and GI tract in late disease (>7 years).

Evaluation of patients with suspected PTLD is the same as the work-up of sus-
pected lymphoproliferative disorder in a non-transplant patient. Physical exam 
should be comprehensive, especially if the patient only has constitutional symp-
toms; a thorough lymph node exam should be performed. Directed additional exam 
may be indicated based on risks and symptoms, such as a neurologic exam if CNS 
involvement is suspected.

Laboratory testing can be used to bolster suspicion of potential PTLD and 
includes complete blood count, liver and kidney function, electrolytes, uric acid, 

Table 10.2 Risk factors 
for PTLDa

Type of transplant
 Small intestine > heart, lung > liver, kidney
Age
 Younger age
 Heart and lung transplant recipients over age 50
EBV serostatus
 Donor positive/recipient negative (D+/R−) highest risk
Type of immunosuppression
 T-cell depleting induction therapies (e.g., OKT3 ®, ATG)

aPrecise estimates vary by study; general risk factors and 
trends are shown in this table
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lactate dehydrogenase, serum, and urine protein electrophoresis. EBV viral load 
testing can be used to monitor treatment, but its role in the diagnosis of PTLD is not 
as clear [20, 31, 35].

Advanced imaging studies (e.g., cross-sectional imaging such as CT and MRI) 
are frequently needed to make a diagnosis of PTLD. Additionally, imaging stud-
ies are used to identify a biopsy site and for staging. Excisional biopsy is the key 
to diagnosis whenever possible. If the optimal approach to obtaining a tissue sam-
ple is uncertain, early consultation with a hematologist-oncologist and the trans-
plant team is recommended. There is no separate staging or scoring system 
for PTLD.

Because of late presentations, and symptoms potentially far from the allograft, 
patients are likely to present to primary care, not recognizing that they may have a 
transplant-related condition—therefore a high index of suspicion is critical to mak-
ing this diagnosis.

 Treatment

Prognosis after a diagnosis of PTLD is poor. Overall survival in kidney transplant 
recipients with PTLD ranges from 53% to 64% at 5  years [32, 36] and 45% at 
10  years [36]. These survival outcomes are markedly decreased compared to a 
5-year overall survival post-kidney transplant without PTLD of 80% [32]. In a 
French study of adult kidney transplant recipients, predictors of poor prognosis 
included widespread PTLD, late-onset PTLD, age > 55 years at PTLD diagnosis, 
T-cell lymphoma, elevated creatinine and LDH levels, and monomorphic histology 
[36]. Risk factors for a poor prognosis include EBV-negative lesions, allograft 
involvement, and tumor monoclonality.

Treatment of PTLD often is a multi-pronged approach. Initially, immunosup-
pression intensity is reduced, if possible, to allow the host’s own CTLs to suppress 
the EBV-associated proliferation. Reductions are patient dependent and can range 
between 25 and 100%. Plasmacytic hyperplasia PTLD may resolve with this 
approach. Other forms of PTLD often need additional therapies. Surgical therapy 
can be used for localized disease. Rituximab monotherapy is used in some patients 
with CD-20-positive PTLD. Chemotherapy can be added or used without rituximab 
for more aggressive tumors, patients who fail rituximab, and those with CD-20 
negative disease. Although response rates to chemotherapy regimens is reasonable, 
there is significant treatment-related mortality. In a trial of 152 patients with CD-20 
positive PTLD treated initially with rituximab and then chemotherapy, if complete 
remission was not achieved, the overall complete response rate was 70% with a 
median survival of 6.6 years and a treatment-related mortality of 8% [37]. Additional 
therapies include antiviral agents and immunotherapy. Recent adoptive immuno-
therapy uses autologous or HLA-matched EBV-specific cytologic T cells to target 
EBV without the widespread risks of cytotoxic chemotherapy and shows promise in 
early trials [20, 38].

10 Cancer Risk in the Adult Solid Organ Transplant Recipient



240

 Prevention

Ideally, prevention or early detection or PTLD could help improve outcomes [39]. 
In some centers, high-risk patients are followed with periodic EBV PCR (poly-
merase chain reaction). The frequency of such monitoring varies (every 1–2 weeks) 
during the initial year post-transplantation. If the EBV viral load is rising, several 
measures may be considered depending on the individual patient. The immunosup-
pression can be reduced if possible. Rituximab and antiviral agents have also been 
used in this setting [33].

 Lung Cancer

Solid organ transplant recipients have a two-fold increased risk of developing 
lung cancer compared to the non-transplant population with an incidence of 
173.4 per 100,000 person-years and an excess risk of 85.3 per 100,000 person-
years [4]. Transplanted patients are more likely to develop squamous cell 
 carcinoma of the lung than non-transplanted patients and less likely to be diag-
nosed with adenocarcinoma [40]. The risk for post-transplant lung cancer is 
higher in lung transplant recipients (>six-fold increase compared to general 
population) than in recipients of other organs [4]. The incidence is also signifi-
cantly elevated in heart transplant recipients over age 60 years [6]. The 5-year 
cumulative incidence of lung cancer following any organ transplant was 0  in 
patients <35 years of age at transplant but was highest in female heart recipients 
aged >60 years (3.77%) and lung recipients aged >60 years (females, 3.87%; 
males, 3.76%) [6].

In single-lung transplant recipients, there is an increased risk of lung cancer in 
the native lung that is high in the first 6 months and then persists at a lower level 
thereafter [4]. This increase in risk may be due to the same risk factors, such as 
smoking, which ultimately lead to transplantation. Some of these early cancers may 
have been present at the time of transplant and may represent a previously subclini-
cal foci now free from immune surveillance.

In a retrospective review of 633 lung transplantations in Spain, smoking was a 
risk factor in 74% of patients diagnosed with lung cancer post-lung transplantation 
[41]. However, the risk is also higher in non-smokers, suggesting another mecha-
nism such as chronic inflammation or recurrent infection.

In a population-based study of solid organ transplant recipients over age 65 
subsequently diagnosed with lung cancer, the average time to cancer diagnosis 
was 3 years post-transplant. The study compared three groups with non-small cell 
lung cancer (NSCLC): those who had not undergone transplant, those who had 
undergone lung transplant, and those who underwent transplant of kidney, liver, 
or heart. Lung cancer was more likely diagnosed at an early stage in transplant 
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recipients, and patients with prior lung transplant were more likely to undergo 
surgical intervention. With advanced disease due to NSCLC, transplant recipients 
were more likely to receive no treatment [40]. Lung cancer-specific survival did 
not differ in the non-transplanted, non-lung transplanted, and lung transplant 
patients.

In general, solid organ transplant recipients who develop lung cancer are treated 
with stage-specific appropriate therapies similar to those given to non-transplant 
patients, although changes in immunosuppression regimens often accompany tradi-
tional therapy.

 Kidney and Urothelial Cancers

Solid organ transplant recipients have a four- to five-fold increased risk of renal cell 
carcinoma. The incidence in one large study was 97 per 100,000 person-years, with 
an excess incidence of 76.1 per 100,000 person-years [4]. Kidney cancer risk is 
highest among kidney transplant recipients but also elevated in liver and heart trans-
plant recipients. Renal cell carcinoma is seen in roughly 0.005% of the general 
population but in as many as 0.3% of patients with end-stage renal disease [42]. 
This risk increases further following renal transplantation with an estimated risk of 
0.7% over the ensuing 3–4  years. The risk is particularly high in patients with 
acquired polycystic kidney disease. The risk of kidney cancer is highest in the native 
kidneys but can also be seen in the renal allograft [43]. The risk of renal carcinoma 
is highest in the first year and again in years 4–15 following transplant. These later 
cancers may be due in part to carcinogenic effects of immunosuppressive medica-
tions as there is not a similar increased risk of kidney cancer in patients with 
HIV. The estimated mortality in patients with RCC post renal transplant is 15% at a 
mean follow-up of 4.2 years [43].

Urothelial (bladder, ureter, and renal pelvis) cancers are also more common in 
patients with ESRD with an estimated incidence of 0.5% [42]. In the United States, 
solid organ transplant recipients are also at increased risk for urothelial cancer post- 
transplantation but not to the same degree as renal cell carcinoma, with an SIR of 
1.52 and 2.05 for cancers of the bladder and renal pelvis, respectively [4]. In a study 
of kidney transplant recipients in Catalonia, bladder cancer incidence in men was 
greatly increased (SIR 16.35) [8].

Presentation of kidney and urothelial cancers in solid organ transplant recipients 
is similar to non-transplant patients. The patient may present with hematuria, or, 
less commonly, pain. However, compared to non-transplant patients, patients who 
have undergone transplant are more likely to present incidentally [44], as tumors 
may be found when abdominal imaging is performed for other reasons. New onset 
of symptoms, especially gross hematuria, requires evaluation, typically with cross- 
sectional imaging and/or cystoscopy.
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 HPV-Associated Cancer

Cervical, vulvar, vaginal, penile, anal, and oral squamous cell carcinoma are associ-
ated with certain high-risk strains of HPV (hrHPV). Although there is an increase 
incidence of HPV-related oropharyngeal and anogenital (anal, vulvar, vaginal, and 
penile) cancers in solid organ transplant recipients, there is conflicting evidence 
regarding a possible increase in the risk of cervical cancer [4, 45–49]. The discrep-
ancy among studies regarding cervical cancer risk is likely due to vigorous pre- and 
post-transplant cervical cancer screening and treatment of precancerous lesions in 
some populations [49]. Ideally, patients would receive the HPV vaccine prior to 
transplantation, although it is unclear whether the immune protection offered by the 
vaccine persists in the setting of immunosuppression [50]. The proposed mecha-
nism for the increased incidence of these cancers is reactivation of hrHPV strains, 
viral replication, and subsequent tumor promotion in the setting of immunosuppres-
sive medication to prevent graft rejection [18].

Solid organ transplant recipients have at a two- to sixfold increased risk of anal 
intraepithelial neoplasia (AIN) and anal squamous cell cancer (ASCC) [4, 19, 51, 
52]. The risk is slightly higher in women. Other risk factors include age, cigarette 
smoking, HPV-related anogenital disease (abnormal Pap smear or anogenital warts), 
receptive anal intercourse, prior sexually transmitted infections (STIs), duration of 
immunosuppression, and HIV infection [53] [51]. These lesions may be diagnosed 
using anal Pap testing and subsequent high-resolution anoscopy for abnormal cytol-
ogy. Ongoing studies seek to determine the role of anal HPV screening and cytology 
in high-risk groups post-transplantation to reduce progression to invasive ASCC [54].

The rate of HPV-associated gynecological cancers—cervical, vulvar, and vaginal 
cancers or their precursors—is also increased in women following solid organ trans-
plantation. Studies consistently show at least a two- to threefold increase in the inci-
dence of low- and high-grade cervical intraepithelial neoplasia (CIN) or invasive 
cervical cancer [19, 45–48]. In a large cohort study of cancer in solid organ transplant 
recipients in the United States, the risk for cervical cancer (SIR 1.03, EAR 0.2) and 
vaginal cancer (SIR 2.35, EAR 0.5) were not significantly elevated, but vulvar cancer 
(SIR 7.6, EAR 6.5) was increased [4]. In another large study of US solid organ trans-
plant recipients, cervical carcinoma in situ (CIN3) was more common in the trans-
plant population (SIR 3.3) as was vaginal carcinoma in situ (SIR 10.6) and vulvar 
carcinoma in situ (SIR 20.3) [47]. Differences in data likely reflect differences in 
statistical analysis, case numbers, and definitions in each study. Additional risk fac-
tors beyond hrHPV include smoking, multiple sexual partners, and other STIs [49].

 Head and Neck Cancer

Solid organ transplant recipients have a roughly threefold higher risk of non- 
cutaneous head and neck squamous cell carcinoma (HNSCC) [4, 19]. While HNSCC 
is not a common cancer in the general population (roughly 4% of total 
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malignancies), it is estimated to represent about 15% of cancers in solid organ trans-
plant recipients [55]. Risk factors for the development of HNSCC include smoking 
and alcohol use. Most of these cancers are found in the oral cavity or oropharynx. 
In a retrospective, single institution study, the median time to diagnosis was 5.9 years 
and 75% of the post-transplant HNSCCs were HPV-positive. Five-year overall sur-
vival was much better in patients with HPV-positive tumors compared to those with-
out (67% versus 32%) [56]. Solid organ transplant recipients with malignancy of the 
oral cavity or oropharynx are more than twice as likely to die from their cancer than 
the general population (SMR 2.44) [3].

 Thyroid Cancer

Solid organ transplant recipients have 2–3 times the risk of thyroid cancer as the 
general population (EAR 20.3 per 100,000 person-years) [4, 57]. The large majority 
of thyroid cancers diagnosed in solid organ transplant recipients are papillary thy-
roid cancer, mimicking the distribution seen in the population at large. The period 
of greatest increased risk occurs in the first year following transplantation (SIR 4.2) 
and rises again after more than 5 years after transplantation (SIR 2.29) [58]. This 
early increase may be due in part to subclinical thyroid cancers at the time of trans-
plantation or overdiagnosis in patients who undergo more intensive medical surveil-
lance than the general population. There does not appear to be an increased risk of 
thyroid cancer recurrence or mortality in solid organ transplant recipients who are 
treated for thyroid cancer [3]. Identified risk factors in the transplant population 
include long duration (>5 years) since transplantation, dialysis, younger age at time 
of transplantation (age < 20), type of organ transplanted (kidney highest), older cur-
rent age, and female gender [58].

 Hepatobiliary Cancer

The risk of liver cancer in solid organ transplant recipients is increased 11- to 
12-fold with an incidence of 120 per 100,000 person-years and excess risk of 109.6 
per 100,000 person-years [4]. The vast majority of cases (89.4%) occurs in liver 
transplant recipients with a risk >40-fold greater than the general population. Over 
95% of these cancers are reported in the first 6 months following transplant and 
because of methods used to report time of diagnosis, many of these cancers may 
represent cancers found in the explanted liver. However, in a large cohort study of 
solid organ transplant recipients in the United States that excluded these early can-
cers, there was still an increased risk of hepatocellular carcinoma in liver transplant 
recipients (SIR 1.5) and cholangiocarcinoma in liver (SIR 2.9) and non-liver (SIR 
1.8) transplant recipients [58]. Increased risk for HCC was seen in patients with 
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HBV (RR 3.2), HCV (RR10), non-insulin-dependent diabetes (RR 2.5) [59]. The 
incidence of cholangiocarcinoma was highest in patients with a history of azathio-
prine use and primary sclerosing cholangitis.

 Colorectal Cancer

Solid organ transplant recipients have a one- to threefold increased risk of colorec-
tal cancer (CRC) [4, 45, 59]. Diagnosis of CRC typically is made during the sixth 
decade, and lung transplant recipients are at greatest risk (SIR 2.34) [60]. In a 
large population-based study, solid organ transplant recipients had a slightly 
increased risk of colon cancer compared to the general population (SIR 1.12) after 
a median follow-up of 3.7 years. Most of the cancers were located in the proximal 
colon (52%), and proximal CRC had the highest risk compared to the general 
population (SIR 1.69). This excess risk of proximal CRC increased over time 
since transplantation with a risk 2–3 times higher than age-matched controls 12 or 
more years after transplant (SIR 2.68). In contrast, CRC in the distal colon and 
rectum were not seen more frequently [60]. CRC in solid organ transplant recipi-
ents age < 50 years was increased in proximal colon (SIR 2.52) and distal colon 
(SIR 1.77) but not the rectum, whereas older patients had increased risk only in 
the proximal location (SIR 1.64) [60]. The propensity for proximal location and 
increased risk in patients under the age of 50 years for post-transplant CRC may 
have implications when screening this population. When considering CRC screen-
ing options, one should consider screening earlier than age 50, and using colonos-
copy rather than fecal immunochemical testing, as colonoscopy is better able to 
detect proximal lesions [61].

Underlying medical conditions contribute to the increased risk of CRC. Patients 
with lung or liver transplantation performed for a condition known to confer 
increased CRC risk have an even greater risk of CRC after transplant. Patients with 
cystic fibrosis have an elevated risk of colon cancer at baseline [62], and this is fur-
ther increased after lung transplantation (SIR 27.0) [60]. Similarly, patients who 
received liver transplantation for primary sclerosing cholangitis (PSC) had a signifi-
cantly increased risk (SIR 4.49) of CRC. This additional risk was seen even in the 
absence of known inflammatory bowel disease.

Oncogenic risk from immunosuppressive medications is also seen with 
CRC. Maintenance immunosuppression regimens with cyclosporine and azathio-
prine are associated with greater risk of proximal CRC when compared to regimens 
using tacrolimus and MMF (incidence rate ratio, IRR 1.53) [60].

Limited information is available regarding survival following a diagnosis of 
CRC in solid organ transplant recipients. In a retrospective review from the Mayo 
Clinic, median overall survival after diagnosis was 30.8 months. Stage-specific sur-
vival at 5 years for stage 1, stage 2, stage 3, and stage 4 disease was 77%, 50%, 
42.3%, and 0%, respectively. Compared to patients with CRC but no history of 
transplantation, solid organ transplant recipients with CRC had increased cancer- 
specific mortality (adjusted HR 1.77) [11].
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 Kaposi’s Sarcoma

Kaposi’s sarcoma, a cutaneous malignancy associated most frequently with HIV 
infection, is caused by human herpes virus 8 (HHV8). Solid organ transplant recipi-
ents, as with patients with HIV, also have a significantly increased risk of Kaposi’s 
sarcoma (SIR 61.45, EAR 15.2) [4]. HHV8 is endemic in certain regions and thus 
Kaposi’s is more likely to occur in Mediterranean than other Western populations. 
In a large population-based cohort of solid organ transplant recipients in the United 
States, the highest risk for Kaposi’s sarcoma was associated with male gender, non-
white race, non-US citizenship, lung transplantation, and a prior diagnosis of cuta-
neous squamous cell carcinoma. The highest incidence occurred in the first year 
following transplantation [63].

Cancers Without an Apparent De Novo Increased Risk 
Following Solid Organ Transplantation

 Non-HPV-Associated Gynecologic Cancers

Endometrial and ovarian cancer incidence were not increased in either a large cohort 
study in the United States [4] or in a meta-analysis of studies in worldwide [19].

 Breast Cancer

Breast cancer is the most common cancer among women in the United States. The 
overall risk of breast cancer in solid organ transplant recipients varies across stud-
ies but is likely similar to age- and gender-matched controls [4, 64]. In some stud-
ies, the incidence of breast is actually lower than the general population [4]. 
Unfortunately, the risk may be higher in some populations including younger 
women (aged <35  years) and men [65], and outcomes for those who develop 
breast cancer are less favorable. Once a solid organ transplant recipient is diag-
nosed with breast cancer, the risk of dying from breast cancer may be twice that 
in the general population, especially in kidney transplant recipients [11, 65]. In 
part, poorer outcomes reflect the more aggressive and advanced nature of these 
cancers at the time of diagnosis, but also uncertainties in treatment options for 
solid organ transplant recipients with breast cancer. Interactions between cancer 
therapies and immunosuppression, concerns for rejection and graft loss, and other 
patient-specific factors must be considered when developing a treatment regimen 
for these patients and may limit use of more novel biologic and immunologic 
agents [65].

Breast cancer screening recommendations in solid organ transplant recipients are 
the same as the general population. Women of average risk should be screened every 
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other year beginning at age 50 and continuing through age 74 [65], although guide-
lines vary. It is not known whether women who have had solid organ transplantation 
would benefit from earlier or more frequent screening. When considering the use of 
screening tests, factors such as life expectancy should be taken into consideration. 
Some patients with relatively short life expectancy due to other complications of 
transplantation may not benefit from screening.

 Cancer Screening and Prevention Pre-Transplantation

It is important that transplant recipients are free of cancer prior to transplantation. 
On the other hand, it is not clear that pre-transplant cancer screening reduces the 
risk of post-transplantation malignancy. Screening guidelines generally mimic 
guidelines for the general population with the addition of screening based on indi-
vidual risk factors [57, 66]. A thorough physical examination (including skin and 
oral cavity) as well as age- and gender- appropriate breast, cervical, colon, lung, and 
prostate cancer screening are typically recommended. Risk reduction strategies 
include vaccinations, smoking cessation, and alcohol reduction.

Pre-renal transplant screening for malignancies that are more common in the 
population with ESRD and dialysis, such as renal cell carcinoma, thyroid cancer, 
and multiple myeloma may be appropriate. Patients with ESRD are at increased risk 
of renal and other urothelial cancers, partially due to acquired cystic disease of the 
kidneys and analgesic overuse, and some have advocated for screening prior to 
transplantation in patients who have been on dialysis for >3 years [67]. Potential 
screening tests proposed by the American Society of Transplantation include uri-
nalysis, urine cytology, and imaging of the native kidneys in high-risk patients [68].

 Pre-Transplant Evaluation of Patients with Prior Cancer

Patients with a history of pre-transplant malignancy (PTM) unrelated to the trans-
plant indication currently make up 7% of solid organ transplant recipients in 
population- based studies [12], have roughly a 5% risk of cancer recurrence [12], 
and may be at greater risk of cancer-related death than solid organ transplant recipi-
ents without a prior history of cancer [69–73]. In a Swedish study of 10,448 solid 
organ transplant recipients, 4% had a history of PTM. These patients were 3 times 
more likely to die from cancer than patients without a history of pre-transplant 
malignancy (HR 3.6) [72]. Cancers most likely to recur include breast, kidney, uro-
thelial, hematologic, and gastrointestinal malignancies [72, 74]. As another exam-
ple, among 21,415 patients receiving a kidney transplant in Australia and New 
Zealand, 3% had a history of PTM; 3.5% of these patients had post-transplant can-
cer recurrence and 8.7% developed a second primary cancer compared to 13.2% of 
cancer-free patients who developed a first cancer after transplantation. Cancer 
recurrence was seen most frequently with urinary tract cancers, breast cancer, and 

D. Greenberg



247

melanoma. Cancer-related death was not more common in the patients with a prior 
history of cancer in this study [75].

A history of malignancy is not an absolute contraindication for transplant in all 
patients [71]. The waiting period prior to solid organ transplant listing varies based 
on the type, stage, and aggressiveness of the cancer as well as the urgency and indi-
cation for transplant. Some guidelines recommend disease-free intervals for specific 
cancers. Wait times prior to renal transplantation are typically 2–5 years based on 
data from the Cincinnati Transplant Tumor Registry in which >50% of recurrent 
malignancies occurred in the first 2 years following transplantation and only 13% 
occurred >5 years after transplant surgery [75]. Waiting periods prior to transplanta-
tion have come under increased scrutiny [76]. In Norway, where the waiting period 
is 1 year, there was no difference in overall survival in kidney transplant recipients 
with or without a prior cancer history [70]. Further studies are needed to clarify 
cancer-specific risk of recurrence, cancer-specific death, and the continued need for 
wait times. Consultation with the patient’s oncologist is always appropriate.

 Screening and Prevention Post-Transplantation

Given the increased risk of cancer following solid organ transplantation compared 
to the general population, strategies to reduce cancer risk and identify malignancy 
in early stages are important. Education regarding the role of diet, exercise, weight 
control, sun protection, sexually transmitted disease prevention, smoking absti-
nence, and limiting alcohol intake are essential. Routine cancer screening recom-
mendations have been developed for identification of precancerous lesions and 
early stage diagnosis when possible. Cancer screening in solid organ transplant 
recipients must be individualized, taking into account the patient’s overall health, 
life expectancy, and goals to avoid excess testing, over-diagnosis, and unnecessary 
treatment.

Clinical practice guidelines are frequently transplant-organ specific, often paral-
lel protocols for the general population and are largely based on expert opinion as 
trials on the performance of cancer screening tests in SOT recipients are lacking. 
Guidelines for renal transplant are the most comprehensive. In general, the range of 
recommendations include the following [77]:

Skin and Lip Cancer Screening SOT recipients should undergo a thorough clini-
cal skin examination (CSE) at least annually by a provider. High-risk patients may 
need more frequent examinations. Patients should be encouraged to avoid the sun or 
adequately cover with clothing and sunscreen [57].

Gynecologic Cancer Screening Papanicolaou (Pap) cytology and pelvic exami-
nation every 1–5  years [57, 78]. Screening intervals similar to those for HIV-
infected individuals is recommended by many organizations [18]. The American 
Society of Transplantation recommends Pap screening at 6 -month intervals for 
the first year following transplant and then annually. HPV testing in these guide-
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lines is used to reduce the screening interval to yearly if negative, and to continue 
screening every 6 months if hrHPV positive. Other groups recommend screening 
based on guidelines for the general population or using a modified strategy of 
reducing screening frequency if Pap and HPV testing is consistently negative [57, 
79]. (See Chap. 12, for further description of these recommendations). Vulvar, 
vaginal, and anal inspection is also prudent given the increased risk of the cancers. 
The upper age of Pap screening and pelvic examination in solid organ transplant 
recipients has not been determined. HPV vaccination in the unvaccinated should 
be considered, although the age for which this is efficacious has not been deter-
mined. Currently, the FDA has approved the use of the HPV vaccine in men and 
women up to age 45  years. Waiting 1  year following transplant to initiate the 
series has been recommended to prevent any theoretical impact on the allograft [18].

Breast Cancer Screening Mammogram recommendations largely follow those for 
the general population with mammography every 1–2 years based on individual risk 
and shared decision-making. Whether a subset of patients should be considered 
higher risk warranting earlier or more frequent screening is not yet clear [57].

Colorectal Cancer Screening Guidelines typically follow recommendation for 
the general population with type of study and frequency based on individual risk 
and shared decision-making [57]. Given the propensity for proximal lesions and 
younger age at onset, screening guidelines in this population warrant further study.

Prostate Cancer Screening Some organizations recommend annual prostate- 
specific antigen (PSA) and digital rectal examinations if life expectancy is at least 
10 years; however, many recommend no screening [57].

Lung Cancer Screening There are no recommendations for or against lung cancer 
screening in SOT recipients except a recommendation against screening in kidney 
transplant recipients by the American Society of Transplantation [57, 80]. Current 
smokers are often excluded from transplant consideration and solid organ transplant 
recipients are strongly encouraged to abstain from smoking. These guidelines were 
published prior to the generally accepted use of low-dose CT screening for lung 
cancer in high-risk individuals (5-year risk >3.6%) in the general population. Given 
the more aggressive nature of lung cancer in solid organ transplant recipients, par-
ticularly lung and heart recipients, it is unclear whether they would also benefit from 
annual screening. This had not been addressed screening guidelines.

Liver Cancer Screening Every 6–12 month alpha-fetoprotein (AFP) and screening 
ultrasound are recommended in patients with hepatitis B or C or those with cirrho-
sis [57].

Kidney and Urothelial Cancer Screening Screening with urinalysis, cytology, or 
ultrasound is not recommended in renal transplant recipients [80]. There are no 
specific recommendations in other organ recipients [57].
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PTLD Screening Every 3-month review of symptoms and physical examination 
for PTLD is recommended during the first 12 months post-transplant and then annu-
ally in kidney transplant recipients [80]. No specific recommendations exist for 
other transplant populations [57].

Anogenital Cancer Screening No current, specific recommendations. Ongoing 
studies to determine if periodic HPV and cytology screening may reduce invasive 
ASCC [54].

Thyroid Cancer Screening No guideline recommendations supporting screening 
for thyroid cancer either with physical examination or ultrasound.

 Conclusion

Cancer is currently the second leading cause of death in solid organ transplant recip-
ients [3]. With improvement in surgical techniques, immunosuppression regimens, 
and treatment of complications such as infection and cardiovascular disease, the 
incidence of and death from cancer in this population becomes a bigger contributor 
to overall survival. Studies are beginning to clarify the incidence of and risk factors 
for a variety of cancers more commonly seen in this population and the particular 
subgroups at highest risk. It is hoped that this information can be used to test needed 
prevention and screening strategies to reduce the impact of cancer in a population 
that has already endured enough pain and suffering.
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Chapter 11
Metabolic Complications in the Adult Solid 
Organ Transplant Recipient

Anna Golob and Jennifer Wright

 Introduction

Solid organ transplantation is increasing in incidence, its recipients are benefiting 
from improved long-term survival, and the age of transplant survivors is increas-
ing. These factors will lead to both an increase in the metabolic complications 
faced by solid organ transplant recipients, as well as the increased likelihood that 
these patients will be cared for in the primary care setting. Primary care providers 
regularly manage metabolic conditions such as hypertension and diabetes. For the 
solid organ transplant recipient, addressing these conditions is often a price of 
success—with longevity comes the need for the chronic work to maintain health. 
Primary care providers can, and should, play a vital role in the screening, preven-
tion, diagnosis, and treatment of metabolic complications in solid organ transplant 
recipients.
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 Cardiovascular Disease

 Epidemiology

Cardiovascular disease (CVD), including atherosclerotic-related heart disease and 
structural heart disease, is common after solid organ transplantation, despite screen-
ing for heart disease prior to transplantation (see Chap. 2 for discussion of pre-trans-
plant testing). In patients who have undergone kidney transplantation, CVD risk is 
higher than in the general population and is the most common cause of death [1]. The 
rates of myocardial infarction at 12 and 36 months after kidney transplantation is 5% 
and 11%—while this rate is lower than in patients with end-stage renal disease await-
ing transplant, it is still 10–30 times higher than in the general population [2]. Long-
term rates of CVD are also high in patients who have received a liver transplant, with 
an average rate of 12% for cardiovascular events that occur after 6 months, although 
studies vary widely in cardiovascular outcomes measured and duration of follow-up 
[3]. With nonalcoholic steatohepatitis (NASH) becoming a leading cause of liver 
transplantation (see Chap. 5), it is predicted that cardiovascular disease will become 
more common, as transplantation for NASH is associated with higher rates of cardio-
vascular complications compared to other indications [4]. Heart transplant recipients 
are not only at risk for conventional cardiovascular disease but also have the unique 
risks of cardiac allograft vasculopathy (CAV) of the coronary vessels as well as graft 
rejection. Cardiac allograft vasculopathy occurs in 30% of heart transplant recipients 
by 5 years, and in 50% at 10 years [5] (See Chap. 6). Lung transplant recipients fre-
quently have metabolic risk factors [6], but long-term survival is most impacted by 
graft dysfunction, malignancy, and infectious complications, with cardiovascular 
disease representing a comparatively smaller proportion of causes of death [7].

 Pathophysiology

Risk factors for cardiovascular disease in solid organ transplant recipients include 
traditional risk factors, organ-related risk factors, and post-transplant factors sec-
ondary to medications.

Traditional cardiac risk factors such as hypertension (HTN) and diabetes are 
common, particularly in kidney transplant recipients and liver transplant recipients 
who had end-stage liver disease due to NASH. In most cases, solid organ transplant 
recipients are required to quit smoking prior to transplantation, but tobacco use can 
recur after transplantation.

Organ-specific risk factors are less commonly encountered and not necessarily 
modifiable. These include uremic cardiomyopathy, the term used to describe the 
pathologic cardiac hypertrophy that can occur in patients with advanced kidney 
disease [8], and hepatopulmonary syndrome and cirrhotic cardiomyopathy in 
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advanced liver disease [4]. Heart transplant recipients have a unique set of factors 
that contribute to an elevated CVD risk. In the short term, transplant graft failure is 
the most common cause of cardiovascular death in heart transplant recipients. In the 
years following transplant, cardiac allograft vasculopathy (CAV), a unique form of 
immunologically mediated coronary artery disease, becomes increasingly common 
and problematic, with an incidence of approximately 50% at 10 years post- transplant 
[5], contributing to >10% of annual deaths after the first-year post-transplant [9] 
(See Chap. 6).

Many of the immunosuppressive medications used after solid organ transplan-
tation contribute to the development of CVD risk factors (see Table  11.1, and 
Chap. 3).

Observational data not specific to solid organ transplant recipients has found an 
increased risk of cardiovascular events in patients treated with high-dose corticoste-
roids, defined as >7.5 mg of prednisolone or equivalent daily [11]. There are several 
mechanisms by which this association likely occurs: Corticosteroids often cause 
fluid retention and associated hypertension; glucose intolerance; secondary diabe-
tes; weight gain; and worsened lipid profiles.

Calcineurin inhibitors (CNIs) similarly can lead to the development of several 
established cardiovascular risk factors. Hypertension is a common side effect of 
CNIs, which cause renal vasoconstriction and direct nephrotoxicity [10]. New-onset 
diabetes after transplant (NODAT) is also associated with the use of CNI (see sec-
tion on “Diabetes” below for details).

Sirolimus and everolimus, mammalian target of rapamycin (mTOR), inhibitors, 
can lead to increased cholesterol levels. In kidney transplant recipients, sirolimus 
has been associated with a higher risk of all-cause mortality despite the lower risk 
of malignancy compared to other maintenance immunosuppression regimens [12]; 
therefore, it has been inferred that sirolimus may have worse cardiovascular out-
comes than other immunosuppressive agents, although this potential association 
requires further study (See Chap. 3 for further discussion of medication side effects).

Table 11.1 Immunosuppressive medications and cardiovascular risk factors

Corticosteroids

Calcineurin 
inhibitors: 
tacrolimus

Calcineurin 
inhibitors: 
cyclosporine

mTOR inhibitors: 
sirolimus/
everolimus

HTN ++ + ++
Diabetes 
(NODAT)a

++ ++ + +

Dyslipidemia ++ + ++ +++
Renal 
impairment

+ + Proteinuria

Weight gain ++
aNODAT new-onset diabetes after transplant
Adapted from Munagala [10] reprinted with permission
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 Screening

Due to the increased risk of developing hypertension, diabetes, and dyslipidemia 
following solid organ transplantation, more intensive screening is performed than 
what is generally recommended for the general population. See Table 11.2 for the 
screening recommendations recommended by the Kidney Disease: Improving 
Global Outcomes (KDIGO) Transplant Work Group for CVD risk factors in kidney 
transplant recipients [13]. These are evidence-based guidelines that are likely appli-
cable to other solid organ transplant recipients.

In addition to the above screening, heart transplant recipients are typically 
screened aggressively for the development of CAV with coronary angiography, 
often starting the first-year post-transplant [9]. This approach is favored rather than 
using symptoms to guide surveillance because the transplanted heart is denervated, 
resulting in a lack of classic angina symptoms (see Chap. 6).

 Prevention and Treatment

• Hypertension: Blood pressure management is overall similar to the approach in 
the general population.

 – Target blood pressure: In general, blood pressure should be maintained at 
<130 mm Hg systolic and <80 mm Hg diastolic, although this goal should be 
individualized based on a patient’s risk factors and tolerance to medications.

 – Lifestyle: Dietary modification such as the DASH diet, exercise, and main-
taining a normal body weight are all important.

 – Medications: Studies are lacking to guide a single best approach to pharma-
cotherapy in solid organ transplant recipients.

Table 11.2 KDIGO screening recommendations for CVD risk factors in kidney transplant 
recipients [13]

Cardiovascular risk 
factor Interval Test/target

Diabetes (NODAT)a Weekly for first 4 weeks
Every 3 months for first 
year
Annually thereafter

Fasting glucose, oral glucose tolerance test, 
or hemoglobin A1c

Hypertension Measure blood pressure at 
every visit

Maintain a blood pressure of 
<130/<80 mmHg

Dyslipidemia 2–3 months after 
transplant
Annually thereafter

Lipid panel
LDL goal <100 mg/dL

aNODAT new-onset diabetes after transplant
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Calcium channel blockers: Because calcineurin inhibitors are a common 
cause of blood pressure elevation, though to be at least partly mediated by 
renal vasoconstriction, many providers preferentially use dihydropyridine 
calcium channel blockers (CCBs) such as amlodipine as the first-line agent 
in treatment. A review of kidney transplant recipients found that CCBs 
resulted in less graft loss compared to placebo and fewer side effects such as 
hyperkalemia and anemia compared to angiotensin-converting enzyme 
inhibitor (ACE-i) therapy [14] (See Chap. 4). Nondihydropyridine CCBs 
should be avoided or discussed with the transplant team before using, as 
they may increase the levels of both CNIs and mTOR inhibitors (see 
Chap. 3).
Beta-blockers: While no longer first-line therapy for hypertension in the gen-
eral population, beta-blockers are still often used in the solid organ transplant 
population because of concerns for adverse effects of other anti- hypertensive 
medications. As with non-transplant patients, they should be used with cau-
tion in patients with reactive airways, hypoglycemia unawareness, or baseline 
bradycardia. In heart transplant recipients, beta-blockers should be used  
with caution as the donor heart is denervated and may be more dependent on a  
higher heart rate as well as more sensitive to the effect of beta  
blockers (see Chap. 6).
Angiotensin-converting enzyme inhibitors (ACE-i) and angiotensin receptor 
blockers (ARBs): These medications are often avoided early after transplanta-
tion because of the risk of renal insufficiency during treatment with the higher 
doses of calcineurin inhibitors used early post-transplant, as well as the risk of 
hyperkalemia with the concomitant use of trimethoprim-sulfamethoxazole 
for Pneumocystis jirovecii pneumonia prophylaxis. However, there is also 
data to support the long-term benefits of ACE-i therapy in kidney transplant 
recipients, with a small randomized controlled trial finding long-term cardio-
vascular benefit in patients treated with ACE-i compared to placebo, in addi-
tion to other anti-hypertensive medications if needed [15]. Furthermore, these 
medications should be considered in patients with proteinuria. Although ACE 
inhibitors and ARBs can often be well tolerated 3–6 months after transplanta-
tion in a stable patient, because of the risk of worsening renal function, it is 
still advisable to discuss with the transplant team before starting ACE-i or 
ARB therapy. They should be avoided in kidney transplant recipients who 
have known renal artery stenosis.
Diuretics: Although thiazide diuretics are first-line anti-hypertensive therapy 
for the general population, they should be used with caution in solid organ 
transplant recipients. Thiazide diuretics can worsen the already increased risk 
of hyperuricemia, dyslipidemia, and hyperglycemia in solid organ transplant 
recipients. Acute kidney injury can occur if the patient is at risk for volume 
depletion. There may be an increased risk of squamous cell skin cancer 
although studies are not conclusive; solid organ transplant recipients are 
already at increased risk of these malignancies (see Chap. 10). As with ACE-i 
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and ARB use, it is best to discuss with the transplant team prior to initiating 
treatment with thiazide diuretics.

• Dyslipidemia: Management of dyslipidemia is the same as in the general popula-
tion with the exceptions that drug interactions are more common, and treatment 
is routine for kidney and heart transplant recipients.

 – Patients already on statin therapy prior to transplantation: In general, it is 
recommended to reduce statin therapy by 50% prior to initiation of calcineu-
rin inhibitor therapy, unless the patient is already on pravastatin, rosuvas-
tatin, or fluvastatin, which have fewer drug interactions. The other option is 
to switch to pravastatin, rosuvastatin, or fluvastatin prior to starting a calci-
neurin inhibitor.

 – Indications: All heart transplant recipients should receive statin therapy unless 
contraindicated, as early use may decrease the incidence of CAV [16] (see 
Chap. 6). Most kidney transplant recipients should be treated with statin ther-
apy (see Chap. 4). Liver and lung transplant recipients should be treated if 
they meet other indications for statin therapy.

 – Initiation: If lower-intensity therapy is indicated, then pravastatin is the pre-
ferred statin because of fewer drug interactions with calcineurin inhibitors. If 
higher-intensity statin therapy is indicated, rosuvastatin is a suitable option, 
again because of fewer drug interactions with calcineurin inhibitors. 
Fluvastatin is an acceptable choice with regard to drug interactions, but is low 
potency and less commonly used. While there is some data for supporting the 
use of other statins in reducing CAV in heart transplant recipients, because of 
drug interactions other statins are generally avoided. If statins other than 
pravastatin or rosuvastatin are considered, it is best to discuss with the trans-
plant team or a transplant pharmacist first.

• Aspirin: Aspirin use for primary prevention of cardiovascular disease in the 
general population is no longer routinely recommended by the American 
College of Cardiology/American Heart Association [17], but guidelines vary 
and its use may be considered on a case-by-case basis. Primary prevention 
studies generally excluded immunosuppressed patients however. In the solid 
organ transplant population, aspirin is recommended for all heart transplant 
recipients. Currently, there is minimal data regarding aspirin for primary pre-
vention in other solid organ transplant recipients. In a post hoc analysis of a 
trial of folate therapy in kidney transplant recipients, aspirin use was not 
associated with reduction in cardiovascular outcomes or all-cause mortality, 
and had no effect on kidney function [18]. However, whether this result can 
be generalized is uncertain, and  aspirin is still used variably in the kidney 
transplant population [19]. For liver and lung transplant recipients, the use of 
aspirin for primary prevention should be individualized. In patients who have 
known cardiovascular disease, aspirin should be prescribed for secondary 
prevention, similar to non-transplant patients, as long as there are no 
contraindications.
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Modification of the immunosuppressive medication regimen by the transplant 
team may be considered for the management of hypertension, dyslipidemia, and 
diabetes, especially if these metabolic conditions are severe or life-threatening. 
However, any reduction in dosing must be balanced against the risk for allograft 
rejection. Corticosteroid doses are routinely lowered as much as possible post- 
transplant, but switching a patient from tacrolimus to another agent is less com-
monly done despite the increased risk of diabetes and hypertension, because 
tacrolimus otherwise has better immunosuppression performance characteristics 
[20]. CNIs also generally have more favorable outcomes in comparison to mTOR 
inhibitors [12].

 Diabetes Mellitus

 Epidemiology

New-onset diabetes after transplant (NODAT) is a common complication among 
solid organ transplant recipients and contributes to the increasing prevalence of car-
diovascular disease (CVD) in this population [21, 22]. NODAT is diagnosed in con-
cordance with the World Health Organization (WHO) or American Diabetes 
Association (ADA) criteria for diagnosing diabetes in the general population 
(Table  11.3), with the exception that hemoglobin A1c is not recommended as a 
diagnostic test until at least 3 months post-transplant to allow for new hemoglobin 
to be synthesized and glycated for an adequate period.

The reported prevalence of NODAT has ranged from 2.5 to 53% of solid organ 
transplant recipients, with variation based on type of organ transplant and criteria 
used to define diabetes (e.g., use of fasting plasma glucose vs oral glucose tolerance 
test) [22].

Table 11.3 Diagnostic criteria for new-onset diabetes after transplant (NODAT) [22]

Symptoms of diabetes (polyuria, polydipsia, and/or unexplained weight loss) with random 
plasma glucose >200 mg/dL
Fasting plasma glucose >126 mg/dL. Abnormal fasting plasma glucose should be confirmed on 
two separate days. (Prediabetes: FPG between 100 and 126 mg/dL)
Two-hour plasma glucose >200 mg/dL during an oral glucose tolerance test (OGTT) done using 
a glucose load of 75 grams, as per WHO guidelines. (Prediabetes: 2 hours OGTT PG 140–
199 mg/dL)
Hemoglobin A1c >6.5% (Note that HbA1c should NOT be used until at least 3 months 
post-transplant to allow for new hemoglobin to be synthesized and glycated) (Prediabetes: 
HbA1c 5.7–6.4%)a

aNote that hemoglobin A1c is not among the 2003 consensus guideline diagnostic criteria, but 
nevertheless used by many experts based on more recent diabetes guidelines in the general 
population
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 Pathophysiology

Both traditional and transplant-specific risk factors contribute to the development of 
NODAT. As with the general population, traditional risk factors include age >40, obe-
sity (BMI >30), family history of diabetes, and being a member of certain racial and 
ethnic groups [23]. Transplant-specific risk factors are primarily related to immuno-
suppressive medication side effects. Corticosteroids decrease insulin secretion, 
increase insulin resistance, increase hepatic gluconeogenesis, and increase plasma 
glucose and hence diabetes incidence in a dose-dependent fashion [22]. Multiple stud-
ies have demonstrated a higher risk of NODAT in solid organ transplant recipients 
treated with steroid-containing regimens compared to steroid-free regimens. For 
example, a study of over 25,000 kidney transplant recipients followed for 3 years 
found a 42% increased risk for NODAT in those who received glucocorticoids com-
pared to those who did not [24]. Of note, even in solid organ transplant recipients who 
do not receive steroids, the risk of NODAT is still elevated compared to the general 
population due to side effects from the other commonly used immunosuppressants.

Calcineurin inhibitors (CNIs) are suspected to increase risk for NODAT by 
decreasing insulin synthesis and secretion [25]. Notably, tacrolimus carries a higher 
risk of NODAT than cyclosporine [10] but because it is associated with more favor-
able outcomes it remains the more commonly used CNI.

For mammalian target of rapamycin (mTOR) inhibitors including sirolimus, the 
mechanism for NODAT is increased insulin resistance. This effect seems to be 
amplified when these medications are paired with calcineurin inhibitors. Of note, 
azathioprine and mycophenolate mofetil do not appear to increase diabetes risk [22].

(See also Chap. 3 for discussion of side effects of immunosuppressive 
medications).

 Screening

Patient care guidelines for solid organ transplant recipients recommend frequent 
screening for NODAT [13, 21]. This includes weekly fasting serum glucose levels 
for the first 4 weeks, followed by fasting glucose levels, oral glucose tolerance test 
(OGTT), or HbA1c at 3, 6, and 12 months post-transplant, and annually thereafter 
(Table 11.4). Abnormal fasting glucose levels should be verified either by repeating 
the test on another day or by obtaining an HbA1c or OGTT.

Table 11.4 Recommended screening for NODAT among solid organ transplant recipients

Condition Interval Test

New-onset diabetes 
after transplant

Weekly for first 4 weeks then
At 3, 6, and 12 months then
Annually thereafter

Fasting serum glucose or
Oral glucose tolerance test (OGTT) or 
hemoglobin A1ca

aDo not use HbA1c until after 3 months post-transplant
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 Prevention and Treatment

As with the general population, solid organ transplant recipients with identified risk 
factors for diabetes including prediabetes, obesity, metabolic syndrome, or a family 
history of diabetes should be counseled on lifestyle changes including weight loss 
(if overweight or obese), a healthy diet, and exercise to reduce their risk of develop-
ing NODAT.

Management of NODAT may vary based on its timing and etiology. In the imme-
diate post-transplant period, NODAT may be related to high doses of corticosteroids 
in which case it is best managed with insulin therapy and is anticipated to improve 
as corticosteroid doses are reduced. However, when diabetes persists after cortico-
steroids are decreased or stopped, or develops as a later complication after SOT, 
management principles are similar to those for the general population as per current 
ADA guidelines. These typically begin with lifestyle modification, then oral or 
injectable non-insulin agents, followed by insulin, unless glucose derangements are 
profound, in which case insulin may be preferred as initial therapy. Caution should 
be taken to avoid specific diabetes medication side effects/contraindications to 
which transplant patients may be particularly vulnerable. For example, solid organ 
transplant recipients with NODAT and post-graft estimated glomerular filtration 
rate (eGFR) <30 ml/min/1.73 m2 should not be treated with metformin, and caution 
should be used with sulfonylureas due to risk of hypoglycemia. Thiazolidinediones 
(TZDs) are usually avoided due to risk of fluid retention, decreased bone density, 
and liver injury. Some providers have reported successful use of dipeptidyl pepti-
dase 4 (DPP4) inhibitors and glucagon like peptide (GLP) 1 receptor agonists in 
solid organ transplant recipients. However, there is minimal published data on their 
use in this population. Similarly, there is little experience for the use of sodium-
glucose cotransporter (SGLT) 2 inhibitors, and their use would need to weigh 
improved cardiovascular outcomes against the increased risk of genitourinary infec-
tions in patients who are already immune suppressed.

If a patient’s diabetes is difficult to control, the primary care provider may discuss 
with the transplant team whether a change in the immunosuppressive regimen is fea-
sible. The transplant specialist may consider such strategies as reducing or stopping 
corticosteroids or reducing the calcineurin inhibitor dose. However, most experts do 
not recommend switching from tacrolimus to cyclosporine unless there are additional 
tacrolimus-related adverse events. Additionally, worsening of diabetes is not gener-
ally an indication to switch from a calcineurin inhibitor to a mTOR inhibitor [22].

There is not a consensus on the optimal target HbA1c for solid organ transplant 
recipients with NODAT; many experts recommend aiming for a HbA1c <7.0 mg/
dL, but this should be individualized to balance the benefit of improved glycemic 
control against the risks of hypoglycemia and adverse effects of medications. Of 
note, the HbA1c may not be reliable in the setting of anemia or use of erythropoietin 
stimulating agents, in which case home glucose measurements should be used to 
adjust therapy. In difficult-to-control cases, referral to an endocrinologist is 
appropriate.
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 Chronic Kidney Disease

 Epidemiology

The development of chronic kidney disease (CKD) following solid organ transplan-
tation is both common and ominous. In a study of non-renal solid organ transplant 
recipients, using a definition of GFR <30 ml/min/1.73 m2, the prevalence of CKD at 
5 years was 18.1% in liver transplant recipients, 15.8% in lung transplant recipients, 
and 10.9% in heart transplant recipients [26]. In a study of liver transplant recipi-
ents, 65% had stage 3 or greater CKD (GFR of <60 mL/min/1.73 m2) at 10 years 
[27]. Kidney transplant recipients are at risk for chronic kidney disease both from 
graft dysfunction and etiologies common to all solid organ transplant recipients 
(See Chap. 4). It is important to be aware of solid organ transplant recipients’ kid-
ney function as it has significant implications for their health and life expectancy. In 
a large observational study of patients who underwent non-renal transplants, renal 
failure (defined as ESRD or GFR of <30 mL/min/1.73 m2) was associated with an 
increased risk of death, with a relative risk of 4.55 compared to transplant recipients 
who did not develop renal failure [26].

 Pathophysiology

Risk factors for the development of CKD after SOT can be divided into four groups: 
pre-transplant risk factors, peri-operative complications, immunosuppressive medi-
cations used post-transplant, and risks unique to kidney transplant recipients 
(Table 11.5).

Table 11.5 Causes of chronic kidney disease in solid organ transplant recipients

Pre-transplant risk factors
  Hypertension
  Diabetes
  Conditions related to organ failure, e.g., cardiorenal syndrome, hepatorenal syndrome
Peri-operative complications
  Acute kidney injury (various causes)
Immunosuppressive medications
  Calcineurin inhibitors (tacrolimus, cyclosporine)
Factors unique to kidney transplant recipientsa

  BK virus nephropathy (BKVN)
  Allograft rejection
  Anatomic
   Transplanted renal artery stenosis
   Ureteral obstruction

aSee Chap. 4
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Pre-transplant risk factors include risk factors seen in the general population 
such as hypertension and diabetes, in addition to issues specific to end-stage 
organ dysfunction. For example, patients with liver cirrhosis and heart failure 
often have low effective circulating volume, which can affect kidney function. 
Creatinine alone is a poor indicator of pre-transplant kidney function, as many 
patients awaiting transplant have low muscle mass due to their underlying dis-
ease. A combination of GFR calculation and measurement of urine protein and 
creatinine offers a better understanding of a patient’s kidney function prior to 
transplantation.

Organ transplant operations themselves carry significant risk that can impact the 
kidney. Intra- or postoperative hypotension and hypoperfusion can lead to acute 
kidney injury, and in turn, may lead to chronic kidney disease. In addition, there are 
organ-specific operative issues that may contribute such as use of cardiopulmonary 
bypass in heart transplantation [1].

Immunosuppressant medications are a large contributor to development of 
CKD in solid organ transplant recipients. Calcineurin inhibitors, including cyclo-
sporine and tacrolimus, are known to cause renal impairment. Despite this, tacro-
limus is a first-line immunosuppressive medication due to lower rates of graft 
loss and rejection, and improved patient survival [28]. Calcineurin inhibitors 
cause renal vasoconstriction that can lead to acute kidney injury, and chronic use 
can lead to interstitial fibrosis and renal impairment. mTOR inhibitors, such as 
sirolimus, are used much less frequently that CNIs, but also carry notable risk of 
kidney dysfunction. This class of medications is associated with proteinuria, and 
patients need to be monitored for development of this complication [28] (see 
Chap. 3).

Patients who have received a kidney transplant may experience a unique set of 
renal complications. The underlying disease that initially led to kidney failure may 
recur in the transplanted organ (e.g., IgA nephropathy). Rejection may lead to graft 
failure and recurrent kidney failure. In addition, BK virus nephropathy is a common 
cause of nephropathy in kidney transplant recipients. BK viremia develops in 
approximately 20% of adult kidney transplant recipients, and approximately 1–10% 
develop nephropathy related to secondary tubulointerstitial nephritis and/or ureteral 
stenosis [28–30] (see Chap. 4).

 Screening

Post-transplant kidney function is monitored regularly. The intensity of monitoring 
will be greatest during the peri-operative period and then decrease in frequency as 
the patient transitions to general outpatient care. In general, quarterly monitoring of 
serum creatinine and annual urine protein is performed in most solid organ trans-
plant recipients after the acute postoperative period.

11 Metabolic Complications in the Adult Solid Organ Transplant Recipient



264

For example, the Kidney Disease: Improving Global Outcomes (KDIGO) 
Transplant Work Group recommends the following for patients beginning 3 months 
after their kidney transplant [13]:

 1. Creatinine and an estimated GFR should be monitored every 2 weeks months 
4–6, monthly for months 7–12, and then at least every 3 months indefinitely.

 2. Urine protein measurement is recommended every 3 months for the first year and 
then annually.

In the case of kidney transplant recipients, plasma BK virus PCR testing is also 
recommended. Guidelines and practice vary by transplant center regarding the rec-
ommended frequency of BK virus monitoring, but in general it is more frequently, 
e.g., every 3 months, for the first 1–2 years and then may decrease in frequency to 
annually, or only as part of the evaluation for a concerning change in kidney 
function.

 Prevention and Treatment

Prevention and treatment of CKD in solid organ transplant recipients largely mim-
ics strategies in the general population including avoidance of nephrotoxic medica-
tions, avoidance of hypovolemia/hypoperfusion, and management of hypertension 
and diabetes. The benefits and risks when using ACE-inhibitors is similar to the 
discussion above regarding hypertension management. On the one hand, ACE-
inhibitors and ARBs are the medications of choice in patients with chronic kidney 
disease, especially if proteinuria is present. On the other hand, they should be used 
with caution as they may decrease GFR and worsen hyperkalemia. There is no con-
sensus yet as to the routine use of ACE-inhibitors and ARBs in solid organ trans-
plant recipients, but it is common practice to avoid their use in the early period after 
solid organ transplantation (e.g., 0–6 months). They should be avoided in kidney 
transplant recipients with known renal artery stenosis.

An issue that is unique to the solid organ transplant recipient is the management 
of chronic kidney disease due to calcineurin inhibitors. As noted previously, despite 
its many potential adverse effects, tacrolimus remains a first-line immunosuppres-
sive medication. As time since a patient’s transplant extends and the risk of acute 
rejection decreases, the goal tacrolimus level can be decreased, in turn decreasing 
some of the nephrotoxic effects of the medication. If the primary care provider iden-
tifies worsening chronic kidney disease, in addition to assessing for other causes, 
the transplant team should be contacted to discuss potential reduction in immuno-
suppressive medication and/or consultation with a nephrologist.

Due to immunosuppressive medications that block T-cell activity, solid organ 
transplant recipients have significant difficulty with clearing viral infections. As 
noted previously, BK virus and related nephropathy is commonly seen in renal 
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transplant recipients. There is no targeted anti-viral therapy for BK virus; man-
agement is largely through reduction in the level of immunosuppression if 
possible.

 Gout

 Epidemiology

Hyperuricemia is common in solid organ transplant recipients, experienced in up to 
84% and leading to clinical gout in as many as 28% [31]. Kidney and heart trans-
plant recipients have a higher risk of developing gout than liver transplant recipients 
[31]. The reasoning behind this is unclear; factors could include variation in rates of 
post-transplant diuretic use and presence of other common comorbid conditions.

 Pathophysiology

The calcineurin inhibitors (CNIs) cyclosporine and tacrolimus are known to cause 
hyperuricemia, which can lead to gout. The mechanism is hypothesized to be a 
combination of both decreased excretion and increased accumulation of uric acid 
due to the medication’s effects on the kidney. Based on limited data, it appears that 
the risk of hyperuricemia is independent of drug trough levels [32], and cyclospo-
rine may have an increased risk of new-onset gout after transplant compared to 
tacrolimus [33]. For example, in a study of patients followed after renal transplant, 
the 3-year cumulative incidence of a new diagnosis of clinical gout was 7.6%, with 
a higher risk on cyclosporine than tacrolimus (adjusted hazard ratio 1.24) [34].

In addition, other risk factors for gout are common in solid organ transplant 
recipients including chronic kidney disease and hypertension, again often related to 
calcineurin inhibitor therapy. In addition to CNIs, diuretics that are commonly used 
to treat hypertension further increase serum uric acid.

 Screening/Surveillance

The American Society of Transplantation guidelines recommend checking serum 
uric acid levels once, 2–3 months post-transplant [34]. Additional routine surveil-
lance may vary between transplant centers. Asymptomatic hyperuricemia is gener-
ally not treated pharmacologically but could result in dietary modifications and 
inform assessment of new symptoms such as joint pain in the future.
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 Treatment

The typical therapies used to treat acute gout flares in the general population include 
high-dose non-steroidal anti-inflammatory drugs (NSAIDs), colchicine, or predni-
sone, but there are special considerations for the treatment of acute gout flares in 
solid organ transplant recipients.

Oral prednisone or intra-articular corticosteroids are the treatment of choice for 
the treatment of acute gout flares in solid organ transplant recipients. Systemic pred-
nisone should be used with caution if the patient has hypervolemia, poorly con-
trolled diabetes, or a history of serious infectious complications. Furthermore, if the 
patient has had episodes of rejection treated with corticosteroids, or there is concern 
for ongoing rejection, then corticosteroids could make assessment of rejection more 
difficult. It is advised to contact the transplant team before giving systemic cortico-
steroids to a solid organ transplant recipient.

NSAIDs generally should be avoided in this population. Both NSAIDs and CNIs 
can cause renal impairment, in part secondary to afferent arteriole vasoconstriction. 
When they are taken in combination, the risk of kidney injury and complications of 
this such as hyperkalemia are heightened [33].

Colchicine use is also limited in most solid organ transplant recipients due to poten-
tially dangerous drug interactions. Colchicine levels are increased, potentially to toxic 
levels, when used with strong CYP3A4 inhibitors or P-glycoprotein inhibitors, includ-
ing CNIs and sirolimus. As a result, a significantly decreased dose is recommended if 
colchicine is used at all for patients on these immunosuppressive medications.

New additions to the acute gout treatment armamentarium are the urate oxidase 
medication rasburicase and the IL-1 inhibitor anakinra. Rasburicase is given by 
injection, with weight-based dosing. It acts by decreasing uric acid levels rather 
than by an anti-inflammatory effect like other medications used to treat acute gout. 
However, this class of medications has considerable cost and side effects, which 
include bronchospasm, urticaria, and with repeated use patients can develop neu-
tralizing antibodies. Interleukin 1 inhibitors such as anakinra have also been used 
off-label for treatment of gout in solid organ transplant recipients [33], but these 
medications are not readily available, are expensive, and many providers have not 
had experience using them.

 Prevention

Allopurinol and febuxostat are xanthine oxidase inhibitors that reduce uric acid 
production and in turn, reduce a patient’s uric acid level and risk of gout. Allopurinol 
is the first-line therapy for prevention of symptomatic gout in most solid organ 
transplant recipients due to its efficacy and low cost. However, prescribers should be 
aware of a potentially dangerous interaction between allopurinol and azathioprine. 
Azathioprine, a purine synthesis inhibitor, is prescribed to some solid organ trans-
plant recipients, typically in combination with a CNI and prednisone. Because it is 

A. Golob and J. Wright



267

also metabolized by xanthine oxidase, levels can become dangerously high and 
result in devastating side effects if prescribed in combination with allopurinol [33].

Febuxostat is the other currently available xanthine oxidase inhibitor. Similarly 
to allopurinol, it should not be used in combination with azathioprine. In addition, 
due to recent data indicating that febuxostat is associated with higher risk of both 
cardiovascular and all-cause mortality compared to allopurinol [35], it is considered 
a second-line medication.

Probenecid, which increases excretion of uric acid in the urine, is not recommended 
in solid organ transplant recipients with significant CKD and may have interactions 
with mycophenolate and cyclosporine. For these reasons, it is typically avoided [33].

Lifestyle and dietary modifications, including weight loss, reducing consump-
tion of foods sweetened with high-fructose corn syrup, and reducing intake of alco-
hol and other high purine foods should also be recommended. In addition, it is 
important to review medications used to treat the patient’s comorbid conditions. For 
example, thiazides and loop diuretics typically increase serum uric acid. When pos-
sible, patients with gout should have these medications substituted with losartan 
(see caution above regarding ARBs), which is uricosuric, or a calcium channel 
blocker, such as amlodipine, which can also result in a reduction in serum uric acid 
levels and reduced risk of gout [36].

For complex cases such as being unable to use standard medications, a rheuma-
tologist familiar with transplant recipients should be consulted. Patients with urate 
nephropathy should have a nephrologist involved in their care.

 Osteoporosis

 Epidemiology

Osteoporosis is a frequent metabolic complication in solid organ transplant recipi-
ents, who have a fivefold increased risk compared to patients without a solid organ 
transplant [37]. The prevalence of osteoporotic fractures in solid organ transplant 
recipients has been reported to be as high as 65 percent [38], although it appears to 
be decreasing in recent years, perhaps due to greater awareness, prevention, and 
treatment. Lung transplant recipients appear to have a higher risk for osteoporosis 
than other solid organ transplant recipients, likely related to extensive exposure to 
glucocorticoids both pre- and post-transplant [37].

 Pathophysiology

Solid organ transplant recipients often have both pre- and post-transplant risk fac-
tors for decreased bone mineral density. Pre-transplant risk factors include compli-
cations of the specific disease states leading to organ failure, e.g., altered bone 
mineral metabolism in patients with chronic kidney and liver disease and reduced 
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calcium and vitamin D absorption in patients with cystic fibrosis, as well as general 
factors such as malnutrition, malabsorption, secondary hypogonadism, decreased 
weight-bearing exercise, low body weight, and exposure to alcohol or tobacco that 
are frequent in this population. Additionally, many transplant candidates have had 
extensive exposure to glucocorticoids prior to transplant [39].

The rate of bone loss appears to be greatest in the first 6–12 months after solid 
organ transplantation [40] and is related to both nonpharmacologic and pharmaco-
logic insults. These include complications of surgery itself, such as acute and 
chronic kidney injury, as well as decreased mobility and nutrition in the event of 
extensive post-surgical hospitalization and lengthy rehabilitation courses. However, 
the most dominant post-transplant risk factor for osteoporosis is the medication 
used for immunosuppression. Glucocorticoids, which rapidly decrease bone density 
in doses as low as prednisone 2.5 mg per day [41] by directly inhibiting osteoblast 
bone building activity and stimulating osteoclast bone resorptive activity, are often 
used in high doses during the first 6 months after transplant. Calcineurin inhibitors 
(CNIs) including cyclosporine and tacrolimus have also been shown to decrease 
bone density in animal models by stimulating osteoclast bone resorptive activity 
[42], although clarifying this risk has been more challenging to study in solid organ 
transplant recipients who often receive glucocorticoids in combination with CNIs. 
Additionally, CNIs often cause kidney injury that further adversely impacts bone 
metabolism.

The rate of bone density loss appears to slow after the first post-transplant year, 
likely due to decreased immunosuppressive medication dosing as well as improved 
mobility and nutritional status.

 Screening

Most professional transplant society guidelines and transplant experts do recom-
mend screening for osteoporosis, prevalent fractures, and low serum 25-hydroxy 
vitamin D as part of the pre-transplant evaluation to help guide prevention of further 
bone density loss and fractures in the peri- and post-transplant period (see 
Table 11.6). Similarly, society guidelines also recommend regular surveillance bone 
mineral density (BMD) evaluation with dual-energy X-ray absorptiometry (DXA), 
with frequency varying based on type of transplant, immunosuppressant pharmaco-
logic regimen, and baseline BMD (see Table 11.6 for details).

 Prevention

As with other patients at risk for osteoporosis, solid organ transplant recipients 
should be counseled on lifestyle measures to decrease the rate of BMD decline and 
fall risk including avoiding tobacco, limiting alcohol, and engaging in regular 
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Table 11.6 Major transplant society guidelines for osteoporosis screening and prophylaxis

Society

Pre- 
transplant 
screening

Post-transplant 
screening

Calcium and 
Vitamin D 
supplementation, 
daily

Prophylactic 
anti-resorptive 
therapy Comments

ISHLT Baseline 
DXA
Consider 
spine 
X-rays to 
evaluate 
for 
prevalent 
vertebral 
fractures

DXA 1 year 
post-transplant
Repeat DXA 
every 3 years if 
normal; or every 
2 years if 
osteopenia 
present

Calcium 
1000–1500 mg
Vitamin D 
400–1000 IU as 
needed to main 
serum 25-OH-D 
level >30 ng/mL

Recommended 
for all heart 
transplant 
patients through 
the first 
post-transplant 
year

Bisphosphonates 
are first line; 
followed by 
calcitriol or 
estrogen/
progesterone in 
hypogonadal 
women.
Consider stopping 
anti-resorptive 
therapy if 
corticosteroids 
have stopped and 
T score >−1.5

AASLD N/A DXA every 
2–3 years if 
BMD normal; or 
yearly if 
osteopenia 
present, for the 
first 5 years 
post-transplant. 
Individualize 
screening 
beyond 5 years 
post-transplant

Calcium 
1000–1200 mg
Vitamin D 
400–1000 IU as 
needed to main 
serum 25-OH-D 
level >30 ng/mL

Consider if
T score <−2.5 
or history of 
pathologic 
fracture
OR
T score −1.5 to 
−2.5 and other 
osteoporosis 
risk factors 
present

KDIGO N/A DXA in patients 
with eGFR 
>30 mL/min 
/1.73 m2 within 
3 months of 
transplant if 
receiving 
corticosteroids 
or have 
osteoporosis risk 
factors.
Routine 
screening not 
recommended if 
eGFR <30 mL/
min/1.73 m2 
post-transplant

Vitamin D 
400–1000 IU as 
needed to main 
serum 25-OH-D 
level >30 ng/mL

Consider within 
first year 
post-transplant 
if eGFR 
>30 mL/
min/1.73 m2 
and low bone 
mineral density

Consider a bone 
biopsy to guide 
treatment of 
osteoporosis, 
particularly prior 
to bisphosphonate 
use.
Frequently 
monitor serum 
calcium, 
phosphorus, PTH, 
alkaline 
phosphatase, and 
25-OH-vitamin D

ISHLT International Society for Heart and Lung Transplantation [43], AASLD American 
Association for the Study of Liver Diseases [44], KDIGO Kidney Disease Improving Global 
Outcomes [45], DXA dual-energy X-ray absorptiometry, BMD bone mineral density
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weight- bearing activity. Additionally, professional transplant society guidelines rec-
ommend that all solid organ transplant recipients take adequate calcium 
(1000–1200 mg daily through diet and supplements) and vitamin D (400–1000 IU 
daily or higher if needed to achieve serum 25-OH vitamin D levels >30 ng/mL) 
[43–45]. However, the various societies differ in their recommendations for who 
should receive prophylactic anti-resorptive therapy (see Table  11.6). The 
International Society for Heart and Lung Transplantation (ISHLT) takes the most 
aggressive approach, recommending that all heart transplant recipients take anti-
resorptive medication during the first post-transplant year [43]. This recommenda-
tion is based on data showing the rate of bone loss and fracture risk are highest in 
the first year following transplant [40]. For kidney transplant recipients, prophylac-
tic and treatment considerations are more nuanced as BMD does not reliably predict 
fracture risk or type of bone disease in this population [45]. Kidney transplant prac-
tice guidelines recommend frequent monitoring of serum calcium, phosphorus, 
PTH, and 25-OH vitamin D as well as consideration of bone biopsy prior to bisphos-
phonate use to inform mechanism of low bone mineral density and optimal treat-
ment [45].

 Treatment

Osteoporosis-specific medical therapy is recommended for solid organ transplant 
recipients with either pre- or post-transplantation osteoporosis, defined as either a T 
score <−2.5 or a history of an osteoporotic (fragility) fracture [39]. All solid organ 
transplant recipients being treated for osteoporosis should also take adequate cal-
cium (1000–1200 mg daily in divided doses, either through diet or supplement) and 
vitamin D (400–1000 IU daily; or sufficient to maintain serum 25-hydroxy vitamin 
D levels above 30  ng/mL) [39]. Modifiable risk factors such as alcohol use and 
smoking should be addressed.

Similar to the general population, bisphosphonates are the most commonly used 
first-line osteoporosis treatment agents for solid organ transplant recipients who do 
not have contraindications such as advanced kidney disease (eGFR <30  mL/
min/1.73m2), high-risk dental disease, or, for oral bisphosphonates, dysphagia. This 
practice is based primarily on multiple prevention-focused trials that demonstrated 
decreased rates of bone loss, increasing bone mineral density, and/or decreased 
fractures in SOT recipients treated with bisphosphonates for the first year after 
transplant [46]. 25-hydroxy vitamin D levels should be checked and repleted if 
found to be low prior to starting bisphosphonate therapy.

As per above, the evaluation and treatment of osteoporosis in kidney transplant 
recipients is more nuanced given the high prevalence of adynamic bone disease 
related to longstanding kidney disease. In this population, KDIGO recommends 
consideration of bone biopsy prior to initiating bisphosphonates [45]. Caution 
should also be taken in premenopausal female solid organ transplant recipients with 
preserved fertility as bisphosphonates are contraindicated in pregnancy.
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Second-line evidence-based options to treat osteoporosis in solid organ trans-
plant recipients who are not candidates for bisphosphonates include calcitriol, estro-
gen/progesterone in hypogonadal premenopausal women, or testosterone therapy in 
hypogonadal men. Calcitriol has been shown to reduce rate of bone loss and prevent 
fractures in solid organ transplant recipients [46]. If calcitriol is used, it is important 
to monitor for hypercalcemia regularly; either stop calcium supplements or reduce 
or stop the calcitriol if the hypercalcemia persists.

Other agents that are FDA approved for the treatment of osteoporosis and are 
considered second line ahead of calcitriol and sex hormonal therapy in the general 
population, including teriparatide, abaloparatide, and denosumab, unfortunately 
have not yet been well studied for use in solid organ transplant recipients, and are 
therefore not recommended for routine use in primary care.

In general, in patients who do not tolerate or have contraindications to bisphos-
phonate therapy, the primary care provider should consider consultation with an 
endocrinologist or metabolic bone disease specialist familiar with the care of trans-
plant recipients to optimize therapy.

There are not consensus guidelines on duration of treatment with osteoporosis- 
specific medications in solid organ transplant recipients. Experts recommend indi-
vidualized management, with regular (every 1–2  year) surveillance DXA and 
consideration of changes in the immunosuppressive regimen, other osteoporosis 
risk factors, incident fractures, and response to therapy to guide management.

 Conclusion

As the solid organ transplant recipient population both increases and ages, it is key 
for primary care providers to become familiar with common metabolic complica-
tions that occur in these patients. A general understanding of the pathophysiology of 
these complications, some of which are unique to transplant recipients and some of 
which overlap with the general population, as well as specific nuances in their treat-
ment, will aid primary care providers in continuing to promote longevity and quality 
of life of their patients long after transplantation.
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Chapter 12
Preventive Health in the Adult Solid Organ 
Transplant Recipient

Leah M. Marcotte and Heidi Powell

 Cancer Screening in Solid Organ Transplant Recipients

Cancer is one of the leading causes of death in solid organ transplant recipients, in 
addition to cardiovascular disease and infections. Overall, solid organ transplant 
recipients have a twofold increased incidence of all types of cancers and a three- to 
fivefold increased rate of cancer mortality, as compared with respective rates in the 
general population. The most extensive cohort study involving 175,732 solid organ 
transplant recipients (58.4% kidney, 21.6% liver, 10% heart, and 4% lung) in the 
United States showed a cancer standardized incidence ratio of 2.1 [1]. The risk was 
increased for a total of 32 different malignancies. The cancers with the highest risk 
relative to the general population included Kaposi sarcoma (KS); non-Hodgkin 
lymphoma; and lip, nonmelanoma skin, liver, vulvar, and anal cancers. 
Immunosuppression is associated with an increased incidence in HPV-related can-
cers (vulva, vagina, cervix, anus) [2]. Skin cancers are the most frequent malig-
nancy seen in the solid organ transplant population, accounting for more than 40% 
of post-transplant malignancies [3].

The risk of specific malignancies varies according to the organ transplanted. 
Lung transplant recipients have a twofold increase in non-Hodgkin lymphoma com-
pared to other solid transplant recipients [1]. Lung cancer is more common in lung 
and heart transplant recipients than in kidney or liver recipients. Liver and kidney 
cancers are more common in liver and kidney transplant recipients, respectively. 
Solid organ transplant recipients with primary sclerosing cholangitis are at increased 
risk for colorectal cancer and those with alcoholic liver disease are at increased risk 
for esophageal and head/neck cancers compared with patients undergoing lung 
transplants for other indications [4].
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Risk factors for cancer in solid organ transplant recipients include immunosup-
pression, oncogenic viruses, and disease-specific associations. Traditional risk fac-
tors such as tobacco use, sun exposure, and history of cancer also are important. 
Donor-derived malignancy rarely occurs.

Cancers in solid organ transplant recipients are more advanced at diagnosis, 
more aggressive and difficult to treat, and have worse outcomes than the general 
population [5]. Unfortunately, the optimal screening strategy remains uncertain as 
randomized controlled cancer screening trials have not been performed in the solid 
organ transplant population. Furthermore, screening trials that might improve out-
comes are unlikely to be conducted since solid organ transplant recipients are rela-
tively few in number compared to the general population.

A systematic review of 12 clinical practice guidelines for adult solid organ trans-
plant recipients found that although most of the guidelines made recommendations 
for cancer screening, they varied considerably by transplanted organ, were largely 
based on expert opinion, and were derived primarily from cancer screening guide-
lines for the general population [6]. However, screening for two types of cancer, 
cervical and skin, in solid organ transplant recipients deserves further discussion.

 Cervical Cancer Screening

Recommendations for cervical cancer screening among non-HIV immunosup-
pressed women remain limited because of lack of quality studies. The 2018 US 
Preventive Services Task Force guidelines on cervical cancer screening did not 
include recommendations for solid organ transplant recipients. In the review of 
clinical practice guideline recommendations for solid organ transplant recipients, 
eight of twelve guidelines recommended cervical cancer screening but with varying 
screening intervals: two recommended screening every 3 years, five recommended 
annual screening, and one recommended screening every 3–5 years [6].

A panel of cervical cancer researchers concluded that there is a consistent 
increase in the risk of cervical neoplasia and invasive cervical cancer in kidney, 
heart/lung, liver, and pancreas transplant recipients, and that using the CDC cervical 
cancer screening guidelines for HIV-infected women was a reasonable approach for 
screening and surveillance in the solid organ transplant population [7]. Cervical 
cancer screening recommendations among HIV-infected women have been sup-
ported by evidence from retrospective and prospective studies. The purpose of more 
frequent screening in high risk populations is to identify low-grade lesions before 
progression to high-grade squamous intraepithelial lesions or carcinoma. The rec-
ommendations are as follows: [7]

 1. Women under age 30 should undergo annual cytology tests (i.e., Papanicolaou smear 
test), and if results of three consecutive cytology tests are normal, then subsequent 
cytology can be done every 3 years.

 2. Women of age 30 and older have two screening options:
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 (a) Annual cytology, and if three consecutive tests are normal, then repeat test-
ing can be done every 3 years

 (b) Cytology and HPV co-testing at baseline, and if both are normal, then repeat 
co-testing can be done every 3 years

 3. Continue screening throughout lifetime (do not stop at age 65 even if normal prior 
testing)

The American Society of Transplantation recommends more frequent screening 
using Pap testing every 6 months for the first year, then annually indefinitely if first 
tests are negative. These guidelines provide the option of high-risk HPV testing to 
determine if more frequent testing is indicated. They also recommend considering 
increasing the frequency back to every 6 months if a patient has been treated for 
rejection, necessitating an increased level of immunosuppression [8].The direct 
effect of specific immunosuppressants on gynecologic cancers is not well studied 
and data is conflicting. Risk factors for developing squamous cell HPV- related can-
cers of the cervix, vulva, and vagina include multiple sexual partners or male part-
ners with multiple sexual partners, current tobacco use, and infection with other 
sexually transmitted diseases. Cervical cancer screening (test, type, and frequency) 
should be discussed with the patient after reviewing the potential benefit, risks of 
harms, and their personal preferences. The decision to stop screening should be 
made based on co-morbidities, life expectancy, and personal factors.

 Skin Cancer Screening

Nonmelanoma skin cancers are among the most common of all malignancies in 
solid organ transplant recipients. The risk of cutaneous squamous cell carcinoma 
(SCC) is 65 times that of the general population and the risk is threefold for malig-
nant melanoma (MM) [3]. Risk factors include male gender, fair skin, sun exposure, 
geographic location, history of previous nonmelanoma skin cancer, age 50 years or 
older at the time of transplant, a recipient of a thoracic organ, and having a longer 
time elapsed since transplant [3].

Squamous cell cancers tend to develop at a younger age, are more aggressive, 
and metastasize more often [9]. Primary care providers should have a low threshold 
to biopsy any suspicious lesion and aggressively treat actinic keratoses or other 
precancerous lesions. Patients should be advised to seek evaluation for any new skin 
lesion as soon as it is noticed, minimize sun exposure, and always use sunscreen and 
wear hats. Most clinical practice guidelines for solid organ transplant recipients 
recommend annual skin and lip cancer screening by either a primary care physician 
or dermatologist [6]. These recommendations are in contrast to those of the US 
Preventive Services Task Force for the general population, which cite insufficient 
evidence to recommend for or against skin cancer screening [10].

A diagnosis of cutaneous SCC is associated with a higher risk of subsequently 
developing a non-cutaneous SCC [9]. These include cancers of the oral cavity/pharynx, 
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lip, tongue, lung, and HPV- related cancers (anal and female genital cancers). Therefore, 
it is important for primary care providers to be diligent in evaluating any new symp-
toms that arise in these areas if a solid organ transplant recipient has a history of SCC.

 Adherence to Cancer Screening in Solid Organ 
Transplant Recipients

Adherence to cancer screening has not been well studied in solid organ transplant 
recipients but a large study in Canada suggests that adherence is very low [11]. A 
population cohort was studied between 1997 and 2010 to determine the uptake of 
breast, cervical, and colorectal cancer screening. They found that 4436 were eligible 
for colorectal screening, 2252 for cervical cancer screening, and 1551 for breast 
cancer screening. Of those, 77.5%, 69.8%, and 91.4%, respectively, were not up to 
date in cancer screening tests during the observed period. More surprisingly, greater 
than 30% had not been screened at all during the study period for colorectal, cervi-
cal, and breast cancer. The screening rates were lower than in the general popula-
tion. The reason for these low screening rates is not clear but it does suggest that 
there is room for significant improvement and better communication between trans-
plant specialists and primary care providers in the routine care of these patients.

Table 12.1 summarizes cancer screening in solid organ transplant recipients. See 
also Chap. 10 for further discussion.

 Risk of Cardiovascular Disease and Diabetes

Solid organ transplant recipients are at increased risk for cardiovascular disease 
(CVD), and in many solid organ transplant populations, cardiovascular disease is 
a leading cause of non-graft related death [12, 13]. In a review of managing CVD 
risk [14], the authors categorized risk factors into four categories: pre-transplant 
risk factors (including usual risk factors, e.g., obesity, hyperlipidemia, diabetes, 
and smoking), transplant-related risk factors (e.g., immunosuppression, graft dys-
function, rejection, and anemia), donor risk factors (smoking, age of donor, quality 
of organ donated, ischemic time prior to transplantation), and other risk factors 
(e.g., increased C-reactive protein, prothrombosis, and proteinuria). Although 
transplant- related and donor risk factors are generally not modifiable, it is impor-
tant to consider these non-traditional factors in solid organ transplant recipients so 
as not to misjudge CVD risk. For example, as a result of unique risk factors related 
to solid organ transplant, traditional risk models such as the Framingham Heart 
Study risk score, tend to underestimate CVD risk in solid organ transplant recipi-
ents [15].
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As multiple non-traditional and often non-modifiable factors contribute to 
solid organ transplant recipients’ overall CVD risk, it is important to identify and 
manage modifiable risk factors such as hypertension, hyperlipidemia, obesity, and 
diabetes in primary care. Even adjusting for transplant-specific risk factors, solid 
organ transplant recipients are at increased risk for the usual risk factors above [14].

Transplant medications can lead to multiple side effects, increasing the risk for 
hypertension, diabetes, and cardiovascular disease. Calcineurin inhibitors are asso-
ciated with increased risk of hypertension, diabetes, hyperlipidemia, hypomagnese-
mia, and hyperuricemia [16]. Corticosteroids are associated with increased risk of 
hypertension, diabetes, and increased weight. (Also see Chap. 3)

Given the frequency of routine lab testing and office visits for solid organ trans-
plant recipients driven by transplant specialists, much of the data needed for screen-
ing for these conditions will be ordered by the transplant team and can be reviewed 

Table 12.1 Cancer screening in solid organ transplant recipients

Cancer risk Risk factors
Modified screening 
recommendationsa

Overall >2× general 
population

Most common:
Nonmelanoma skin cancer

Others at increased 
frequency:

Kaposi sarcoma (KS)

Liver cancer (esp. in liver 
transplant recipients)

Lung cancer (esp. in lung 
transplant recipients)

Kidney and urothelial cancer 
(esp. in kidney transplant 
recipients)

HPV-associated: Cervical, 
vulvar, penile, anal, oral 
squamous cell carcinomas

Post-transplant 
lymphoproliferative disorder 
(PTLD)/non-Hodgkin 
lymphoma

Colorectal cancer

Head and neck cancer

Thyroid cancer

Type of transplant: Lung 
transplant > other 
transplants

Immunosuppression 
(esp. calcineurin 
inhibitors)
Exposures:

Smoking

Alcohol (both pre- and 
post-transplant)

EBV serostatus

HPV infection

Cervical cancer screening:b

Women < age 30:
  Annual cytology
  If 3 consecutive cytology tests are 

normal, then repeat every 3 years

Women ≥ age 30:
  Annual cytology; if 3 consecutive 

tests are normal, then repeat testing 
every 3 years;

Or
  Cytology and HPV co-testing at 

baseline; if both normal, then 
repeat co-testing every 3 years

Note some guidelines recommend 
cytology testing every 6 month for 
the first year post-transplant, then 
yearly if testing is negative
Continue after age 65 if indicated
Skin cancer screening:
Annual skin exam

aScreening for cancers not listed here is similar to the general population
bSee text for details; guidelines vary. Shown are recommendations similar to cervical cancer 
screening for patients with HIV
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in primary care as well. However, the primary care provider should ensure that 
blood pressure is monitored at each visit, lipids are measured, and diabetes is 
screened for annually. Counseling patients on the benefits of regular exercise and 
maintaining a healthy diet is very important.

Recommendations for assessment of cardiovascular risk and diabetes at outpa-
tient clinic visits are shown in Table 12.2. Management of cardiovascular risk fac-
tors, including the use of aspirin and statins for primary prevention, and treatment 
of hypertension and dyslipidemia are addressed in Chap. 11.

 Metabolic Bone Disease

Solid organ transplant recipients are at significantly increased risk for osteoporosis. 
Osteoporosis risk includes preexisting factors (e.g., smoking, prednisone use, poor 
nutrition, and vitamin D deficiency) as well as transplant-specific factors, specifi-
cally corticosteroids and possibly calcineurin inhibitors [17]. This risk is particu-
larly increased within the first 6–12 months of organ transplantation coinciding with 
higher doses of corticosteroids.

Table 12.2 Routine outpatient assessment of cardiovascular risk and diabetes in solid organ 
transplant recipients

History
Review risk factors including:
Smoking
Exercise
Nutrition
Body-mass index
Exam
Blood pressure, height, weight
Cardiopulmonary exam
Laboratory
Often ordered routinely by the transplant team
Diabetes screening every 3 months for the first year, then yearly if normal
Lipid panel annually if normal
Other testing
Heart transplant recipients: review surveillance for cardiac allograft vasculopathy
Risk stratification
Existing risk tools may underestimate risk in solid organ transplant recipients
Chemoprevention (see Chap. 11)
Aspirin used in all heart transplant recipients; variable use in kidney transplant recipients
Statin therapy used in all heart transplant recipients; commonly used in kidney transplant 
recipients
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 All Solid Organ Transplant Recipients—History

At outpatient visits, the primary care provider should assess risk factors:

• Smoking status: Active smoking is a contraindication to lung transplantation, 
and strongly discouraged prior to other solid organ transplants. Patients should 
be asked about whether they have started or resumed tobacco use after 
transplantation.

• Alcohol use: Alcohol use has been most studied in liver transplant recipients who 
had alcoholic cirrhosis and subsequently return to using alcohol after transplan-
tation. In addition to other health risks, alcohol is associated with osteoporo-
sis [18].

• Weight-bearing exercise: Solid organ transplant recipients should be counseled 
to maintain weight-bearing exercise, unless contraindicated by their medical 
conditions.

• Medications: Corticosteroid use is typically lowered over time, and in lower 
risk transplants (e.g., liver), it often can be discontinued completely. 
However,  patients may be treated with higher doses of corticosteroids for 
longer periods of time, or indefinitely, if they have had episodes of rejection 
or other indications for use. Increased exposure to corticosteroids may merit 
more frequent bone mineral density testing. Other medications not related to 
transplantation should be reviewed for risk of lowering bone density (e.g., 
depot medroxyprogesterone for contraception, certain anti-epileptic medica-
tions, high-dose acid-suppressive medications, and thiazolidinediones for 
diabetes).

• Malabsorption: Some solid organ transplant recipients have continued risk fac-
tors for malabsorption. For example, a lung transplant recipient for cystic fibrosis 
may continue to have significant gastrointestinal disease, or a liver transplant 
recipient for primary sclerosing cholangitis may have ongoing inflammatory 
bowel disease symptoms after transplantation. Mycophenolate therapy com-
monly causes mild to moderate diarrhea, but rarely it can cause an enterocolitis 
with malabsorption.

• Nutrition and body weight: Many solid organ transplant recipients have diffi-
culty maintaining body weight prior to transplantation due to cachexia from their 
organ failure. After transplantation, they should be monitored closely for main-
tenance of normal body weight.

• Family history: Although nonmodifiable, the patient’s family history of fracture 
should be reviewed.

• Personal history: Patients should be asked about a prior history of fracture. When 
the solid organ transplant recipient presents for an initial primary care visit, it is 
advisable to review the pre-transplant workup, as most transplant recipients will 
have received bone mineral density testing prior to transplantation (see Chap. 2).
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 Screening Tests and Preventive Therapy

While guidelines for average risk adults recommend screening dual-energy X-ray 
absorptiometry (DXA) to assess bone density for women starting at age 65 years, 
and continuing interval screening depending on baseline risk [19], in general, all 
solid organ transplant recipients should be screened with DXA scans within the 
first-year post-transplant. Following initial screening, guidelines vary with regard to 
suggested interval screening depending on risk factors and which organ is trans-
planted (Table 12.3).

• Liver transplant recipients: The 2012 American Association for the Study of 
Liver Diseases (AASLD) and American Society of Transplantation (AST) guide-
lines [13] recommend continuing screening every 2–3 years for liver transplant 
recipients without osteopenia and annually if osteopenia is present for the first 5 
years following transplant. The AASLD and AST guidelines also recommend all 
post-liver transplant patients with or at risk for osteopenia take 1000–1200 mg 
daily calcium supplementation, maintain vitamin D levels above 30 ng/mL, and 
engage in regular, weight-bearing exercise.

• Heart transplant recipients: Heart transplant practice guidelines [20] recommend 
screening with a DXA scan as part of the pre-transplant workup with evaluation 
and treatment of osteoporosis as appropriate prior to transplant. All adult heart 
transplant recipients are recommended bisphosphonate therapy in the first year 
after transplant in addition to calcium and vitamin D supplementation and regu-
lar, weight-bearing exercise. Following the first year post-transplant, if cortico-
steroids are discontinued, continuation of bisphosphonate therapy is to be 
determined based on clinical risk; for example, if BMD > −1.5, guidelines sug-
gest that it is reasonable to stop treatment. These recommendations were mainly 
based on expert opinion with authors citing insufficient evidence for bisphospho-
nate therapy in heart transplant patients. A subsequent meta-analysis, however, 
including 425 heart transplant patients did find efficacy of bisphosphonate ther-
apy in reducing vertebral bone loss without additional medication-associated 
adverse events; given limitations of data, fracture prevention was not formally 
evaluated [21].

• Kidney transplant recipients: The risk of osteoporosis in kidney transplant recipi-
ents is higher, and screening and treatment are more complicated than in other 
organ transplant populations due to preexisting metabolic bone disease associ-
ated with end-stage renal disease. The fracture risk after renal transplant is esti-
mated to be almost four times higher than that of the general population [22]. 
Age, female gender, and duration of pre-transplant dialysis increased the risk of 
hip fracture [22]. Similar to other solid organ transplant recipients, kidney trans-
plant recipients have the most rapid decrease of bone density within the first 
6–12 months after transplant. However, unlike other solid organ transplant recip-
ients whose risk of osteoporosis decreases thereafter, the risk in kidney trans-
plant recipients persistently increases at a slower rate following the first year 
after transplant [23].
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Table 12.3 Screening for osteoporosis in solid organ transplant recipients

Osteoporosis 
incidence

Screening 
recommendations Prevention recommendations

Lung Common pre-
transplant: [26]
Osteopenia 36%
Osteoporosis 31%
At 1-year post-
transplant: [26]
Osteopenia: 33%
Osteoporosis: 40%
Osteoporotic 
fracture rate 
post-transplant:
19–225 per 1000 
person-years [27, 
28]
(note: Limited data, 
few studies)

No consensus guideline 
recommendations
Some authors 
recommend: [29]
Baseline DXA (time not 
specified, most would 
assess within first year)
  Osteopenia: Repeat 

DXA every 2–3 years
  Osteoporosis: Treat and 

measure annually

No consensus guideline 
recommendations
Some authors recommend: [29]
Calcium 1000–1500 mg/d
Vitamin D 400–800 IU/d

Heart* Osteoporosis 13% 
pre-transplant [30]
Vertebral fractures: 
21% at 1-year 
post- transplant [30]
Total osteoporotic 
fractures: 36% at 
1-year-post- 
transplant [31]

DXA 1-year 
post-transplant.
  Normal BMD: Repeat 

DXA every 3 years
  Osteopenia: Repeat 

DXA every 2 years
(IIa/C)

Bisphosphonate therapy in first 
year post-transplant (IB), 
afterward depending on risk
Calcium 1000–1500 mg/d (IC)
Cholecalciferol 400–1000 IU/d 
to maintain 25(OH) vitamin 
D > 30 ng/mL (IC)
Regular weight-bearing exercise 
(IB)

Liver** Common pre- and 
post-transplant
At 1-year post-
transplant: [32]
Osteopenia 39%
Osteoporosis: 44%

For the first 5 years after 
transplant:
  Osteopenia: Repeat 

DXA yearly
  Normal BMD: Repeat 

DXA every 2–3 years 
DXA (2B) [13]

If osteopenia or at risk of 
osteopenia:
Calcium 1000–1200 mg/d
Maintain 25(OH) vitamin D > 30 
ng/mL
Regular weight-bearing exercise 
(1A) [13]

Kidney*** Hip fracture rate: 3.3 
per 1000 person-
years [22]
All fractures: 22.5% 
within 5-year 
post- transplant [33]

DXA within 3 months of 
transplant if treated with 
corticosteroids or have 
other risk factors (2D) 
[24]
Insufficient evidence later 
post-transplant [25]

Take into account if chronic 
kidney disease mineral and bone 
disorder is present; consider 
assessing calcium, phosphate, 
PTH, alkaline phosphatases, and 
25(OH) vitamin D levels (2C) 
[25]

DXA dual-energy X-ray absorptiometry
BMD bone mineral density
*ISHLT guidelines use the American College of Cardiology/American Heart Association system 
for Class of Recommendation (I, IIa, IIb, III) and Level of Evidence (A, B, C) prior to its revi-
sion in 2015
**AASLD guidelines use a modified version of the GRADE system for strength of recommenda-
tion (Strong =1, Weak = 2) and Level of Evidence (High = A, Moderate = B, Low = C)
***KDIGO guidelines use the GRADE system unmodified for strength of recommendation 
(Strong =1, Weak = 2) and Level of Evidence (High = A, Moderate = B, Low = C, Very low = D)
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The 2009 KDIGO guidelines [24] recommend measurement of BMD before and 
within 3 months of transplant. Updated guidelines in 2017 for metabolic bone 
disease [25] specifically recommend considering treatment for low BMD with 
vitamin D, calcitriol, and/or antiresorptive agents within the first year after trans-
plant. However, they cite equivocal evidence for antiresorptive agents in kidney 
transplant recipients and highlight that there is not sufficient current data to dem-
onstrate decreased fracture risk with antiresorptive treatment in kidney transplant 
 population. They also recommend considering bone biopsy (an ungraded recom-
mendation) in order to characterize bone osteodystrophy to guide treatment in 
renal transplant patients with osteoporosis and/or elevated fracture risk. The 
2017 guidelines state that there is insufficient evidence to make recommenda-
tions past the first year after kidney transplant. Because of the complexity of 
management considerations in kidney transplant recipients, the primary care pro-
vider should address modifiable risk factors and if osteopenia or osteoporosis is 
identified, work with the transplant nephrologist to optimize therapy.

• Lung transplant recipients: There is relatively less data regarding the incidence 
of osteoporosis in lung transplant recipients (few studies with small number of 
patients); however, in a retrospective analysis of 72 lung transplant recipients, 
36% had osteopenia prior to transplant and 31% had osteoporosis without sig-
nificant changes in bone mineral density (BMD) a year following transplant; 
authors therefore recommended DXA scan as part of pre-transplant workup [26]. 
There are no current guidelines for osteoporosis screening in the lung transplant 
population.

 Contraception and Pregnancy in Solid Organ 
Transplant Recipients

 Contraception

More and more women of child-bearing age are receiving solid-organ transplants. 
In 2018, there were 13,904 solid organ transplants in women and 35% (4881) of 
them were of child-bearing age [34]. It is important that primary care providers 
appropriately counsel their solid organ transplant recipients on their fertility 
before and after transplantation and their contraception options. Prior to trans-
plantation, many women have decreased fertility, especially those with end-stage 
renal disease and end-stage liver disease. Dysfunction of the hypothalamic-pitu-
itary-ovarian axis in women with chronic renal failure or severe hepatic disease 
results in anovulation and reduced fertility. It has been found that conception rates 
are approximately 0.5% per year in women undergoing peritoneal dialysis or 
hemodialysis [35]. Fertility is often restored within months of a successful organ 
transplantation and ovulatory cycles may begin as soon as 1 month after trans-
plantation [36]. Unfortunately, many solid organ transplant recipients are not 
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informed of this change in fertility. In one survey of 309 female solid organ trans-
plant recipients, it was found that 44% were unaware that they could become 
pregnant after transplant [37]. Another study of 217 female solid organ transplant 
recipients aged 18–45 found that 33% were unaware of the necessity to use con-
traception within the first year after transplantation [38]. Approximately one-third 
of pregnancies are unintended in solid organ transplant recipients, which likely 
represents an underestimate given that some women may not report pregnancies 
that were terminated [39].

Contraception is best started before or shortly after receiving the transplanted 
organ. Pregnancy should be delayed at least 1 year after transplant to stabilize trans-
plant function and reduce immunosuppressant medications to maintenance levels. 
The risks of an unintended pregnancy after a transplant are much greater than the 
risks of any contraceptive method. Two forms of contraception should be used until 
pregnancy is desired with condoms as one of the methods to protect against sexually 
transmitted infections.

Contraceptive choice will depend on the woman’s preference, co-morbidities, 
side effects, costs, and reversibility. The Centers for Disease Control (CDC) updated 
the US version of the Medical Eligibility Criteria (US MEC) guide for contraceptive 
use to evaluate the risks and benefits of contraception among women with certain 
medical conditions including solid organ transplantation [40].

The category risks are as follows:

The CDC categorizes a patient’s medical condition after transplant as either 
complicated or uncomplicated. Complicated conditions include acute and chronic 
graft failure, graft rejection, and cardiac allograft vasculopathy [40]. Table  12.4 

Category 1. A condition for which there is no restriction for the use of the 
contraceptive method.

Category 2.  A condition for which the advantages of using the method gener-
ally outweigh the theoretical or proven risks.

Category 3.  A condition for which the theoretical or proven risks usually 
outweigh the advantages of using the method.

Category 4.  A condition that represents an unacceptable health risk if the 
contraceptive method is used.
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Table 12.4 Contraception management in solid organ transplant recipients

Method Advantages Disadvantages
CDC category 
(uncomplicated)

CDC category 
(complicated)

Copper-T IUD Most 
effective, 
long acting, 
reversible

Heavy menses 2 Initiation: 3 
continuation: 2

Progestin IUD Most 
effective, 
long acting, 
reversible, 
decreased 
anemia

Irregular bleeding 2 Initiation:3 
continuation: 2

Depot 
medroxyprogesterone 
acetate

Highly 
effective, 
decreased 
anemia

Decrease in BMD, 
irregular bleeding, 
possible cholestatic 
effect

2 2

Progestin implant Most 
effective, 
long acting, 
no BMD 
decrease

Irregular bleeding 2 2

COC Menstrual 
regulation, 
decreased 
anemia

Contraindicated in 
those with 
uncontrolled 
hypertension, active 
liver disease, and 
personal history of 
myocardial infarction, 
stroke, or DVT; 
first-pass liver 
metabolism; 
gastrointestinal 
disturbance may 
decrease absorption

2 4

Contraceptive patch First-pass 
liver 
metabolism 
avoided

Higher circulating 
levels of estrogen; 
contraindicated in 
those with 
uncontrolled 
hypertension, active 
liver disease, and 
personal history of 
myocardial infarction, 
stroke, or DVT

2 4

Vaginal ring First-pass 
liver 
metabolism 
avoided, 
lower 
circulating 
estrogen

Contraindicated in 
those with 
uncontrolled 
hypertension, active 
liver disease, and 
personal history of 
myocardial infarction, 
stroke, or DVT

2 4
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summarizes the different contraceptive options and their advantages/disadvantages 
and CDC categories for solid organ transplant recipients [41].

For women with uncomplicated solid organ transplants, all forms of contracep-
tive (except barrier methods) are classified as Category 2, meaning that the advan-
tages for using the method generally outweigh the theoretical or proven risks. In 
women with a complicated solid organ transplant, estrogen-containing methods of 
contraception are considered Category 4 and intrauterine devices (IUDs) are con-
sidered Category 3. However, if a woman already has an IUD in place, then it is 
considered a Category 2 and she should continue with it.

The methods with the lowest failure rate (<1%) include permanent methods 
(female and male sterilization) and long-acting reversible methods (IUD and the 
subdermal progestin implant). Male sterilization is safer, less expensive, and less 
invasive than female sterilization (for women in a monogamous relationship with a 
male partner). Immunosuppressive medications do not alter the efficacy of the IUD 
or increase the risk of pelvic inflammatory disease [39]. IUDs are an excellent 
option for this patient population and should be highly recommended [42]. The 
subdermal progestin implant is very effective and there is no hepatic first pass effect 
which results in fewer drug interactions.

Depot medroxyprogesterone is highly effective with correct use (<1%), but 
with typical use it has a 6% failure rate. A disadvantage is that it reduces bone 
density which is important in solid organ transplant recipients who may be at high 
risk for bone loss due to chronic corticosteroid use and renal osteodystrophy (see 
Section “Metabolic Bone Disease” above). Combined hormonal contraceptives 
(pills, patches, rings) have a high failure rate with typical use (9%) and therefore 
are not considered first-line options. If chosen, these combined hormone contra-
ceptives should be initiated at least 6 months after a liver transplant when organ 
stability is clear. If combined hormone therapy is chosen, then the ring or patch 
may be better options as they bypass the liver resulting in less drug interactions. 

Table 12.4 (continued)

Method Advantages Disadvantages
CDC category 
(uncomplicated)

CDC category 
(complicated)

Progestin-only pill Less effective than 
COC; first-pass liver 
metabolism

2 2

Condoms No drug 
interactions, 
protects from 
sexually 
transmitted 
diseases

Less effective 1 1

Cervical cap/
diaphragm

No drug 
interactions

Less effective 1 1

Data from Centers for Disease Control and Prevention. Adapted from https://www.cdc.gov/repro-
ductivehealth/contraception/mmwr/mec/appendixk.html#transplantation [41]
BMD bone mineral density, CDC Centers for Disease Control and Prevention, COC combined oral 
contraceptive, DVT deep vein thrombosis, IUD intrauterine device
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Additionally, it is advisable to inform the transplant team when starting systemic 
hormonal treatment.

Unfortunately, the most highly effective contraceptive methods may not be used 
the most by transplant recipients. A cross-sectional survey study of 32 female solid 
organ transplant recipients found that the most common contraceptive method used 
in the year before and after transplant was condoms (18% failure rate with typical 
use) [43]. This finding along with the high unintended pregnancy rate among solid 
organ transplant recipients highlights the need for primary care physicians to 
address contraception with their solid organ transplant patients of child-bearing age.

 Emergency Contraception

Solid organ transplant recipients can use all the emergency contraception methods 
(see Table 12.5) currently available which include copper IUD (Cu-IUD), levonorg-
estrel, ulipristal acetate, and combined oral contraceptive pills [40]. The only excep-
tion is that the copper IUD should not be used in women with complicated transplants: 
graft failure (acute or chronic), rejection, or cardiac allograft vasculopathy.

 Pregnancy

Pregnancy in solid organ transplant recipients should be carefully planned and 
delayed until at least 1 year after transplant [42]. Pregnancy during the first 
12 months after a transplant is associated with graft dysfunction, rejection or loss, 
and pre-term delivery [44]. Solid organ transplant recipients benefit from pregnancy 
planning by a collaborative multidisciplinary approach with the transplant team, 
maternal-fetal medicine specialists, and pharmacists. Solid organ transplant recipi-
ents have an increased risk of miscarriage, gestational hypertension, preeclampsia, 
gestational diabetes, fetal prematurity, and low birth weight. It is also important that 
chronic medical problems such as diabetes or hypertension are well controlled. 
Immunosuppressive drugs with risks to the fetus need to be discontinued prior to 
pregnancy. Exposure to mycophenolate is associated with higher rates of 

Table 12.5 Classifications for emergency contraception, including the copper-containing 
intrauterine device, ulipristal acetate, levonorgestrel, and combined oral contraceptives in solid 
organ transplant recipients [40]

Cu-IUD UPA LNG COC

Complicated: Graft failure (acute or chronic), rejection, or cardiac 
allograft vasculopathy

3 1 1 1

Uncomplicated 2 1 1 1

Abbreviations: COC combined oral contraceptive, Cu-IUD copper-containing intrauterine device, 
LNG levonorgestrel, UPA ulipristal acetate
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miscarriages and birth defects compared to pregnancies without that exposure [45]. 
Mammalian target of rapamycin inhibitors (everolimus, sirolimus) are associated 
with increased risks of preterm delivery, decreased fetal weight, and skeletal ossifi-
cation. The incidence of birth defects in infants exposed to prednisone, azathio-
prine, cyclosporine, or tacrolimus in utero is about 3–5% which is similar to the 
general population [46].

The American Society of Transplantation recommends that the following clinical 
criteria be met prior to pregnancy: [47]

• No rejection within the previous year
• Stable graft function
• No acute infection that might affect the fetus
• Immunosuppressant drugs at stable doses

With appropriate preconception planning and subsequent careful management 
by the transplant team and high-risk obstetrician, solid organ transplant recipients 
can have successful pregnancies and healthy infants. Because of demographics and 
other factors, successful pregnancies are more commonly reported in kidney and 
liver transplant recipients compared to other solid organ transplant recipients [48]. 
The primary care provider should ask about family planning in solid organ trans-
plant recipients of child- bearing age and make early referrals to specialty care. 
Additionally, the primary care provider can assist in the control of other medical 
conditions, standard preconception care including ensuring adequate folate intake, 
avoidance of tobacco and alcohol, and reviewing other medications for safety in 
pregnancy.

 Immunizations in Solid Organ Transplant Recipients

Solid organ transplant recipients should receive the same vaccinations as the general 
population except for live vaccines which are contraindicated. Recommendations 
are based on the routine schedule for immunocompetent individuals according to 
age, vaccination status, and exposure history and are summarized in Table 12.6 [49]. 
Primary care providers and specialists share the responsibility for ensuring that 
appropriate vaccinations are administered to solid organ transplant recipients and 
for recommending appropriate vaccinations for household members and close con-
tacts [50].

Since solid organ transplant recipients receive life-long immune suppression, 
they may have lower rates of serological conversion, lower mean antibody titers, 
and waning of protective immunity over a shorter period as compared to the general 
population [51]. Therefore, it is important that vaccines, especially live vaccines, be 
given to the patient prior to transplant if possible. Live vaccines should be given at 
least 4 weeks before transplant, whereas inactivated vaccines can be given up to 
2 weeks before. Most transplant centers review and update vaccines as part of the 
pre-transplant evaluation. However, if transplants are done more urgently, 
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vaccinations are not always given. At the initial primary care visit, the patient’s pre- 
transplant vaccination history should be reviewed.

After transplantation, it is extremely important that patients are kept up to 
date in their immunizations as they are more susceptible to infections and their 
complications. For example, a systematic review of the incidence of invasive 
pneumococcal disease (IPD) in immunocompromised patients found that the IPD 
incidence was 465/100,000  in solid organ transplant recipients vs only 
10/100,000 in healthy controls [52]. There is no evidence that vaccines lead to 
allograft rejection in solid organ transplant recipients, so there should be no hesi-
tation in administering them except for the Shingrix® vaccine (discussed below) 
[53]. For patients that are non-immune, vaccines can be administered starting 
2–6 months after transplant. Vaccinations should be withheld from solid organ 
transplant recipients during intensified immunosuppression, including the first 
2 months after transplant, or in the setting of treatment for rejection, because of 
the likelihood of inadequate immune response [51]. It is not routine to measure 
serologic responses to immunizations given after transplant as there is no data 
showing that booster doses are helpful. Vaccine guidelines change frequently and 
primary care providers will need to check updated recommendations from either 
the CDC or the WHO, as well as their local public health organizations. The fol-
lowing information is relevant for solid organ transplant recipients regarding 
specific vaccines:

Table 12.6 Vaccine recommendations for adult solid organ transplant recipients

Vaccine Schedule Comments

Influenza One dose annually Inactivated or recombinant vaccines, trivalent or 
quadrivalent, high-dose trivalent may be preferred 
[54]

Tdap Single dose ≤2 yrs 
after last  
Tetanus-diptheria (Td)

Td booster every 10 years

Prevnar® 
(PCV13)

Once regardless of age If given after PPSV23, then wait >1 y

Pneumovax®
(PPSV23)

≥ 8 weeks after 
Prevnar

One booster after 5 years and then again ≥ age 65 at 
least 5 years after most recent booster

Shingrix® Not yet determined The CDC has not provided guidance on its use in 
solid organ transplant recipients

HPV 3 doses through age 26 9-valent
Meningococcal
(MenACWY)

1–2 doses depending 
on the indication

Those treated with eculizumab or another indication
Booster every 5 years if ongoing risk

MenB 2 or 3 doses depending 
on vaccine

Those treated with eculizumab

Hepatitis B 2 or 3 doses depending 
on vaccine

Wants protection or is at risk (consider 40 mcg dose)

Hepatitis A 2–3 doses depending 
on vaccine

Wants protection or is at risk
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• Pneumococcal vaccine. The current recommendations for solid organ transplant 
recipients are one dose of PCV13 followed by one dose of PPSV23 at least 
8 weeks later. Another dose of PPSV23 should be given at least 5 years after the 
previous PPSV23. At age 65 years or older, one dose of PPSV23 should be given 
if it has been at least 5 years since the last PSV23. No further doses are indicated. 
If pneumococcal vaccines are given prior to transplantation, they do not need to 
be repeated after transplantation.

• Influenza vaccine. There are two types of inactivated vaccines: trivalent and 
quadrivalent. The high-dose trivalent is safe and immunogenic in solid organ 
transplant recipients. It is recommended that it be given 1–3  months after 
transplant as immunogenicity may be reduced if given earlier. However, it can 
be administered within 1 month after transplant during an influenza outbreak 
and revaccination at 3–6 months after transplant if outbreak is ongoing [50]. 
In one study, the high-dose trivalent vaccine demonstrated significantly better 
immunogenicity than the standard dose in adult transplant recipients and may 
be the preferred influenza vaccine for this population [54].

• Meningococcal vaccine. Meningococcal disease does not occur at higher rates 
after transplant, so it is not routinely prescribed for solid organ transplant recipi-
ents except for those with risk factors. Risk factors include those receiving ecu-
lizumab which is used for treatment of antibody-mediated rejection post-transplant 
[55], history of splenectomy, military recruits, or travel to high-risk areas. The 
quadrivalent conjugated vaccine (MenACWY) is preferred as it provides a 
T-cell-dependent immune response, immune memory, and long-term protection. 
It requires two doses at 0 and 2 months. Those treated with eculizumab should 
also receive MenB.

• Zoster vaccine. Although Shingrix® is a recombinant vaccine, it has not yet been 
approved for solid organ transplant recipients due to a concern that its immuno-
genicity may affect allografts by causing rejection.

In addition to keeping up to date in vaccinations, solid organ transplant recipi-
ents need to take many precautions due to their high risk for infections. Food and 
water safety are very important. They must take care to minimize direct contact 
with pathogens, so frequent handwashing and avoidance of others with respira-
tory or gastrointestinal illnesses are recommended. Household members and 
other close contacts should be up to date in their vaccinations. They can receive 
both live and inactivated vaccines except for the live polio vaccine which is eas-
ily transmitted via the oral-fecal route and therefore is unsafe for the solid organ 
transplant recipients [49]. With the COVID-19/SARS-CoV-2 worldwide pan-
demic, solid organ transplant recipients are considered in the highest risk cate-
gory, and they should follow local public health guidelines to avoid exposure. At 
the time of this publication, data are continuing to be analyzed to better charac-
terize the risk to solid organ transplant recipients. Recommendations are sum-
marized in Table 12.7.
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 Travel Immunizations and Recommendations

Solid organ transplant recipients are living longer and traveling internationally—it 
is important that they receive the appropriate travel advice, as they are at increased 
risk of developing opportunistic and non-opportunistic infections. Surveys of trans-
plant centers found significant rates of illness in transplant recipients during foreign 
travel with insufficient rates of pre-travel counseling and interventions [57]. Travel 
clinics provide the best comprehensive care for solid organ transplant recipients, but 
these are not always available, so primary care providers need to be able to appro-
priately counsel and provide medical care for them. Travel recommendations change 
frequently as international conditions change; therefore, primary care providers 
should check for updated guidelines prior to making recommendations.

• Immunizations: All individuals should be up to date in routine immunizations 
(tetanus, influenza, pneumococcal). The specific vaccines needed for travel will 
depend on the travel agenda, including the specific areas in the countries that will 
be visited and exposure risks, and the patient’s vaccination status. In general, 
solid organ transplant recipients should avoid traveling to countries with yellow 
fever or other endemic outbreaks such as typhoid, dengue, measles, polio, and 
chikungunya. Ideally, vaccines should be given several months before travel to 
allow for an optimal immune response. Comprehensive information regarding 
travel vaccines for solid organ transplant recipients can be found at the Centers 
for Disease Control and Prevention Traveler’s Health website [58], but a few 
recommendations are highlighted below:

• Hepatitis A. For those who have not been vaccinated or are on higher levels of 
immunosuppression and plan to travel within 2 weeks, IM pooled immunoglobu-
lins should be given as they provide 85–90% protection against hepatitis A. A 

Table 12.7 Strategies for disease prevention in solid organ transplant recipients [56]

Foodborne illness:
Avoid unpasteurized dairy products, undercooked meats, unwashed fruits/vegetables, raw 
seafood (Vibrio vulnificus). A handout on food safety can be found at: http://wwwfda.gov/Food/
FoodborneIllnessContaminants/PeopleAtRisk/ucm312570.htm
Water sources
Avoid drinking water from private wells and ingesting water exposed to human or animal waste
Hand hygiene
Wash hands after eating or preparing food, touching plants or dirt, using the restroom, changing 
diapers, touching animals, etc.
Avoid exposures
Avoid visiting prisons, homeless shelters, or other TB high-risk areas, tattooing, self-piercing, 
sharing needles, and close contact with individuals with respiratory/gastrointestinal illnesses or 
herpes zoster outbreak*

*SOT recipients should follow guidelines for high risk populations during the COVID-19/SARS-
CoV-2 pandemic. These guidelines are expected to continue to evolve
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dose of 0.02 ml/kg provides up to 3 months of protection. The first dose of the 
hepatitis A vaccine should also be given.

• Typhoid. This must be given in the inactivated IM form and is protective for 
2 years. It should be given at least 2 weeks before departure.

• Hepatitis B. High-dose hepatitis B (40 mcg) should be used. Also, accelerated 
schedules 0, 7, 21, and 28 days or 0, 1, and 2 months (both with a booster at 
6 months) are acceptable.

• Measles. If solid organ transplant recipients must travel to an endemic area, their 
immunity should be checked (those born before 1957, evidence of two vaccina-
tions, positive IgG titer, or clear h/o clinical disease). If non-immune, then immu-
noglobulin may be administered for short-term protection.

 Travel Precautions

Ideally, solid organ transplant recipients should not travel for 1 year after transplant 
or during treatment for rejection. Once they are on maintenance doses of immuno-
suppressants and the allograft has stabilized, then it is safer for them to travel. It is 
important for them to carefully follow food and water precautions to prevent infec-
tions. They should drink only boiled or bottled water, and avoid ice in drinks, raw 
food, and food rinsed with tap water. Solid organ transplant recipients need to mini-
mize their sun exposure as they are at high risk for developing skin cancers, espe-
cially squamous cell cancer. Diarrhea, the most common illness of travelers, can be 
life threatening for solid organ transplant recipients. Dehydration can lead to 
decreased renal function, especially those taking tacrolimus. Complications include 
bacteremia and altered absorption and metabolism of immunosuppressive drugs. 
Patients should be prescribed ciprofloxacin or azithromycin to take at the onset of 
symptoms; however, these medications can potentially interact with transplant med-
ications and should be discussed with the transplant team first. The threshold for 
treatment is more than three unformed stools in 24  hours. Anti-motility agents 
should be used with caution. Bismuth-containing antidiarrheal medications should 
be avoided as they put solid organ transplant recipients at risk for salicylate toxicity 
if the patients have decreased renal function. Patient should not take an antibiotic 
prophylactically as this can lead to antibiotic resistance, C. difficile infection, and 
drug interactions. Additionally, the COVID-19/SARS-CoV-2 pandemic has 
restricted travel for high risk populations. Solid organ transplant recipients who 
desire to travel during this pandemic should follow public health guidelines and 
should be strongly cautioned against travel that would increase exposure to areas 
with high rates of infection, or travel via indoor settings in which they cannot suf-
ficiently reduce their risk of exposure. Table 12.8 summarizes the recommendations 
for solid organ transplant recipients who plan to travel internationally.
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 Behavioral Health and Substance Use 
in Transplant Recipients

 Behavioral Health

Behavioral health diagnoses are prevalent in solid organ transplant recipients, 
although further research is needed to better characterize the incidence and impact 
of these conditions following solid organ transplant. The most evidence is for 
depression. Solid organ transplant recipients are at higher risk for developing 
depression post- transplant compared to the general population. In a survey of liver 
transplant recipients, approximately 50% of those surveyed met criteria consistent 
with at least mild depression based on Patient Health Questionnaire-9 (PHQ-9) 
responses [60]. A diagnosis of depression post- transplant is correlated with worse 
outcomes. A 2015 systematic review and meta- analysis found that post-transplant 
depression was associated with a 65% greater risk of mortality. The same analysis 
examined the impact of anxiety on post- transplant mortality and found a non-signif-
icant increased risk; however, the authors noted that these data were likely unreli-
able due to far fewer studies and less precision of results as compared to those for 
depression [61].

There is emerging data regarding post-traumatic stress disorder (PTSD) follow-
ing solid organ transplant. A systematic review found 10–17% cumulative incidence 
of post-transplant PTSD. Poor social support and pre-existing psychiatric diagnoses 
were correlated with post-transplant PTSD. Post-transplant PTSD was associated 
with worse mental health-related quality of life [62].

There is no consensus recommendation for screening for psychiatric diagnoses 
post-transplant, although many recommend at least regular interval screening for 
depression [63].

 Substance Use

Substance use is screened and monitored heavily as part of pre-transplant evaluations. 
After solid organ transplant, substance use (e.g., alcohol and tobacco) is associated with 
higher rates of graft failure [64, 65]. Although precise estimates are unknown, a 

Table 12.8 Travel advice for solid organ transplant recipients [59]

Review precautions: *Food and water, mosquito, traveler’s diarrhea and when to take 
antibiotics, sun exposure, sex/blood-borne
Healthcare: Make a list of facilities where medical care can be obtained if needed, consider 
obtaining evacuation insurance, carry a list of medications/medical problems
Supplies: Insect repellent, sunscreen, basic first aid kit, and antibacterial hand wipes or an 
alcohol-based hand cleaner
Medications: Malaria prophylaxis if indicated, all regular medications to cover the entire trip, 
antibiotics for diarrhea, OTC PRN medications

*Please see text above re: risk of travel during the COVID-19/SARS-CoV-2 pandemic
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meta-analysis of studies in solid organ transplant recipients found a 1–4% rate of post-
transplant substance use (defined as tobacco, alcohol, or illicit drug use) [66]. Still, com-
prehensive screening guidelines are lacking for the solid organ transplant population.

Substance use after transplant is best studied in patients who received liver trans-
plant for alcoholic liver disease. In a study surveying 67 liver transplant recipients, 
approximately 20% reported alcohol use; however, only 4.5% reported at-risk 
behavior (as defined by the Alcohol Use Disorders Identification Test (AUDIT)), 
30% reported tobacco use, and a minority (3%) reported non-marijuana drug 
use [60].

Alcohol use after liver transplant is associated with worse outcomes regardless of 
reason for transplant [67]. The AASLD and AST guidelines [13] recommend that 
patients who receive a liver transplant for alcoholic liver disease should be encour-
aged to abstain from alcohol. However, there are not specific guidelines for screen-
ing patients who do not have a prior diagnosis of alcoholic liver disease. Guidelines 
for care of kidney transplant recipients include avoidance of alcohol and other 
behaviors associated with worse outcomes in the evaluation of adherence; however, 
no specific screening recommendations are given [24].

Tobacco use in solid organ transplant recipients is associated with poorer graft 
function and significantly worse survival [68]. Currently, only lung transplant 
guidelines cite tobacco use as an absolute contraindication to transplant [69]. While 
there are not clear guidelines regarding screening for tobacco use in solid organ 
transplant recipients, it is recommended, given the clear correlation with worse out-
comes and the demonstrated substantial rates of recurrent use in recipients who 
smoked prior to transplant [64].

Increasingly, states are legalizing medical and recreational marijuana, yet there is 
little guidance as to how to screen and counsel solid organ transplant recipients regard-
ing use. Studies that have looked at the effect of marijuana use in solid organ trans-
plant recipients have not found significant differences in graft function and/or survival 
as compared to non-marijuana users [70, 71, 72]. However, there remain concerns 
regarding marijuana’s potential inhibition of metabolic pathways that could lead to 
medication toxicity, infectious risks in the context of immunosuppression, end organ 
risks that may be amplified in immunosuppression, as well as addiction behaviors and 
impacts on cognition that might worsen adherence to medical therapy [73].

 Conclusion

Solid organ transplant recipients are at increased risk for a broad spectrum of com-
mon conditions, several of which are discussed in this chapter. We emphasize the 
importance of contraception and pregnancy planning in women and vaccinations for 
all recipients. Travel planning and precautions are also addressed.

For many of the conditions reviewed, there are still unclear or absent guidelines 
with respect to screening. For example, we were unable to find any guidelines for 
screening for osteoporosis in lung transplant recipients, although there is an 
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increased risk. This can cause uncertainty, especially among primary care physi-
cians, as to what to recommend to patients. More frequently updated guidelines and 
further research is needed to establish effective screening modalities and intervals 
for different medical problems in the solid organ transplant population.

Primary care providers play an important role in providing optimal healthcare for 
solid organ transplant recipients. The checklist below (Table 12.9) summarizes most 

Table 12.9 Preventive health checklist for solid organ transplant recipients (see text for details)

Screening/prevention category Recommendations

Cancera ⧠ Cervical cancer screening: Cytology +/− HPV at 
1–3 year intervals; continue after age 65 if indicated (see 
Table 12.1 for additional detail and age-specific 
recommendations)

⧠ Skin cancer screening: Annual skin and lip cancer 
screening

Cardiovascular disease and 
diabetes

⧠ Monitor blood pressure each visit
⧠ Annual lipids
⧠ Exercise and diet counseling
⧠ Diabetes screening every 3 months for first year, then 
annually

Osteoporosis ⧠ DXA at least within the first year of transplant
⧠ Consider calcium/vitamin D supplementation
(see Table 12.3 for additional detail and transplanted-organ 
specific recommendations)

Pregnancy If pregnancy desired:
⧠ Contraception at least through first-year post-transplant;
delay pregnancy until graft and immunosuppressive 
medications are stable (LARC preferred)
⧠ After the first year, early involvement with maternal-fetal 
medicine specialist in pregnancy planning
If pregnancy not desired:
⧠ Address contraception (see Table 12.4)

Immunizations ⧠ Influenza: annually
⧠ PCV13: once
⧠ PPSV23: ≥ 8 weeks after Prevnar; one booster after 
5 years (additional booster ≥65 years and 5 years since prior 
booster)
⧠ TdaP: Single dose ≤2 yrs after last Td and then Td 
booster every 10 years
Shingrix®: not yet approved for solid organ transplant 
recipients – avoid until further guidance
(see Table 12.6 for additional vaccine recommendations)

Behavioral health ⧠ Depression screening (PHQ-2 and/or PHQ-9) at least 
annuallyb

Substance use ⧠ Alcohol screening at least annuallyb

⧠ Tobacco screening at least annuallyb

aOnly cancer screening recommendations that are different than for the general population 
are shown
bNo consensus guidelines
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topics covered in this chapter and can serve as a tool for primary care physicians to 
ensure solid organ transplant recipients receive regular screening and appropriate 
preventive care.
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Chapter 13
Palliative Care in the Adult Solid Organ 
Transplant Recipient

Katherine G. Hicks, Eleanor Curtis, and Melissa A. Bender

 Introduction: Overview of Palliative Care

Palliative care is specialized medical care for people living with serious illness that 
focuses on quality of life for both the patient and family [1]. Palliative care interven-
tions can be provided regardless of prognosis and have been associated with 
improvements in quality of life, symptom burden, and patient and caregiver satis-
faction [1, 2]. A common misconception is that palliative care cannot be delivered 
if a patient is being actively treated for a disease; rather, palliative care is completely 
compatible with disease-directed therapies. Additionally, palliative care interven-
tions increase rates of advance care planning and decrease overall healthcare utiliza-
tion [1, 3, 4].

The Institute of Medicine’s 2014 report Dying in America calls for training all 
clinicians in the core principles of palliative care: pain and symptom management, 
communication skills to determine patient/family goals, and coordination of care to 
achieve those goals [5, 6]. The term “primary palliative care” refers to basic pallia-
tive care skills that all clinicians should learn regardless of specialty, such as align-
ing medical treatment with patient goals and basic symptom management [3]. When 
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patients with serious illness present to their primary care clinicians, this may be an 
opportunity to incorporate palliative care interventions into their medical care. 
Referral to specialty palliative care may be needed in cases of refractory symptoms, 
worsening health status or cognitive decline, approaching end of life, consideration 
of a high-risk procedure or other advanced therapy, complex existential distress, or 
conducting a challenging family meeting (Table 13.1) [3, 4].

 Palliative Care in the Solid Organ Transplant Recipient

Palliative care has been proposed for patients with advanced organ failure beginning 
at diagnosis and continuing through transplant and beyond, given the associated 
high morbidity and mortality awaiting transplantation and post-transplantation [4, 
7–12]. Palliative care interventions in patients awaiting solid organ transplantation 
have been associated with improvement in patient symptoms and increased docu-
mentation of advance care planning discussions [4]. There is some evidence to sug-
gest that palliative care after transplantation may also improve symptoms [13].

Primary care providers have a unique opportunity to incorporate palliative care 
interventions, such as revisiting advance care planning and basic symptom manage-
ment, into the care of solid organ transplant recipients. As noted in previous chap-
ters, the increasing number of solid organ transplant recipients creates a larger role 
for primary care providers. Furthermore, palliative care specialists are few in num-
ber and do not have the capacity to provide consultation on all transplant recipients 
before and after transplantation. Therefore, primary care providers with palliative 
care skills ideally would fill this need whenever possible [3]. Depending on a 
patient’s transplantation course, the transplant specialist’s time may be completely 
occupied by managing immunosuppression, treating infectious complications, 
warding off rejection, and checking for graft dysfunction. Primary care providers 
often have the advantage of having a long-term therapeutic relationship, in some 
cases both before and after transplantation. The primary care provider typically con-
tinues to manage chronic and acute medical problems, provide preventative care, 
and may have a history of knowing the patient’s decision-making preferences and 

Table 13.1 Primary versus specialty palliative care

Primary palliative care Specialty palliative care

Basic palliative care skills
  Pain and symptom management
  Communication skills, especially 

eliciting patient and family goals, 
coordinating care

May be delivered by primary care 
providers, specialists, or any member of 
a patient’s care team
Both inpatient and outpatient

Advanced palliative care skills
  Treating refractory symptoms
  Facilitating complex medical decision-making 

around approaching end of life, worsening health 
status or organ dysfunction, or cognitive decline

  Navigating challenging family dynamics
Performed by practitioners who have completed 
additional training, e.g., fellowship, board 
certification
Both inpatient and outpatient
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values, as well as familiarity with a patient’s social situation. Studies have consis-
tently shown that patients want the physicians caring for them, rather than outside 
specialists, to discuss advance care planning [14, 15]. While solid organ transplant 
recipients may have a close relationship with their transplant specialists, they may 
be hesitant to bring up palliative concerns with their transplant specialist because of 
concern for disappointing them—some patients may feel more comfortable broach-
ing this topic with the primary care provider.

 Advance Care Planning

Advance care planning (ACP) is the ongoing process by which patients share per-
sonal values, goals, and preferences regarding current and future medical care [16]. 
These preferences should then be documented in the medical record and in an 
advance directive (AD). Conversations between patients and their physicians 
regarding preferences for care in the setting of serious illness have been associated 
with increased goal-concordant care, decreased use of unwanted life-sustaining 
treatments, higher incidence of preferred place of death, and increased hospice use 
at end of life [17–20].

 Advance Directives

An advance directive (AD) is a legal document that indicates a person’s preferences 
for medical care if he or she were to become seriously ill or incapacitated [21, 22]. 
Having written documentation of a person’s wishes can promote more goal- 
concordant care, unburden caregivers with having to guess the wishes of their loved 
one in a health crisis, and help avoid unwanted medical care [17, 18, 23, 24]. An 
advance directive typically includes preferences for life-sustaining treatments in the 
setting of serious illness (Living Will) and addresses who would be the person’s 
surrogate decision maker if he or she were to become incapacitated (Durable Power 
of Attorney for Healthcare, DPOA-HC).

Whereas an advance directive can be completed by an adult at any age or stage 
of health, a “Provider Orders for Life Sustaining Treatment” form is an optional 
document in the United States (terminology varies, also called POLST, MOLST, 
POST, MOST, COLST, or TPOPP) that focuses on adults with serious illness or 
frailty. The POLST serves as a physician’s order to guide care outside of the hospi-
tal. Unlike an AD which is completed by a patient and signed by a witness or notary, 
a POLST form must be completed and signed by the patient and a physician or 
advanced practice provider. These forms serve distinct purposes and are comple-
mentary, not duplicative [21].

There are many types of advance directive documents available, some specific to 
a given state or institution [21, 22].
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Table 13.2 summarizes advance directive documents used commonly in the 
United States.

Internationally, while the fundamental concept of advance directives is similar (a 
patient’s right to self-determination of health), laws and practices differ with regard 
to duration of effect, surrogate decision-makers, and government oversight [25]. 
Additionally, advance care planning tools and research are largely based on Western 
concepts of autonomy and decision-making [26]. Advance care planning discus-
sions should be approached with cultural and narrative humility, including consid-
eration of cultural and religious beliefs and acknowledgment of the provider’s roles 
and responsibilities in a patient’s story and that “patients’ stories are not objects we 
can comprehend or master” [27].

 Advance Care Planning in Solid Organ Transplant Recipients

Solid organ transplant recipients have unique aspects to their advance care planning. 
First, they have all, by definition, dealt with (and survived) life-threatening organ 
failure. Their pre-transplant illness may vary considerably, however. Many patients 
who have successively received a solid organ transplantation have indeed had a dif-
ficult pre-transplantation course, including progressive decline in health, multiple 
hospitalizations for organ failure, complications, difficult symptom control, and 

Table 13.2 Types of advance directives in the United Statesa

Type of AD Comments

Living Will [21, 22] Typically includes wishes related to life support, CPR, ventilator use, 
artificial nutrition, and hydration in different circumstances, such as a 
persistent vegetative state or terminal illness
Requirements for these documents are based on state-specific 
regulations; most require signatures from two witnesses with many 
restrictions on who can serve as witness (e.g., excluding patient’s 
family members, health care power of attorney, and medical providers 
and staff) and some require a notarized signature

Five Wishes Only available in some states
https://fivewishes.org/

Veterans Affairs 
Documentation

For patients who receive care through the United States Veterans Affairs 
healthcare system
https://www.va.gov/geriatrics/Guide/LongTermCare/Advance_Care_
Planning.asp#

End of Life 
Washington

Example of state-specific advance directive (United States)
https://endoflifewa.org/advance-directive/

Provider Orders for 
Life Sustaining 
Treatment (POLST)

https://polst.org/

aMay vary by state; other countries often have similar types of documents, although local laws may 
vary. For example, the following websites are available in the United Kingdom: https://mydeci-
sions.org.uk/ and https://compassionindying.org.uk/library/advance-decision-pack/
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healthcare-associated trauma. However, a relatively smaller subset of patients may 
have had a comparatively smoother course. For example, some patients with end- 
stage renal disease are able to successfully live through dialysis and kidney trans-
plantation and still maintain a good quality of life prior to transplantation. A patient 
with fulminant hepatic failure from an ingestion may have had a severe but brief 
illness, with good health prior to liver transplantation. If the primary care provider 
did not know the patient prior to transplantation, it is important to review the 
patient’s pre-transplant history for duration of illness, quality of life, and complica-
tions (see Chap. 2).

Second, because advance care planning discussions should recur as health or life 
circumstances change [6, 16], a major life event such as solid organ transplantation 
should prompt revisiting of advance care planning. In addition to reviewing the pre- 
transplant history, the primary care provider should review the post-transplant 
course the patient has experienced before returning to primary care. As with the 
pre-transplant course, the perioperative and early postoperative experience can vary 
widely by individual; some patients may enjoy a relatively smooth journey free of 
complications, while others may have early difficulties with graft function, rejec-
tion, infections and other hospital complications. Although patients may have had 
pre-transplant conversations with their clinicians and/or families about their prefer-
ences, their goals and wishes may change during the transplant process. Goals of 
care may evolve following transplant, and it is recommended that any prior docu-
mentation is reviewed with patients once they have recovered and returned to pri-
mary care. It is important not to assume that prior discussions or advance care 
planning documents still represent the patient’s current wishes; therefore, even in 
those with prior discussions and directives, it is important to revisit them as the 
patient’s preferences may have changed. If patients have not had advance care plan-
ning discussions or completed an advance directive, it should be encouraged.

Third, while the life expectancy and quality of life of solid organ transplant 
recipients have significantly improved over time, these patients are still at increased 
risk for complications such as infections, graft dysfunction, organ failure, and 
malignancy [28, 29]. One feature of effective ACP programs is repeated discussions 
over time, and this is certainly merited post-transplantation given these risks [16]. 
Approximately one in three adults in the United States has completed any advance 
care planning documentation with rates highest among patients over age 65; nota-
bly, although age is no longer a strict contraindication to transplantation in most 
centers, only 12% of transplant recipients are over 65 years old [30, 31].

Despite these clear rationales to address advance care planning in the care of 
solid organ transplant recipients, there is sparse literature with specific guidance on 
ACP post-transplantation. Nevertheless, given the experience of end-organ failure, 
transplantation, and ongoing risks of complications, it is reasonable to have advance 
care planning be a part of a routine post-transplantation care for all solid organ 
transplant recipients. There is some data to support using a disease-specific approach 
for ACP discussions. Studies of patients with heart failure or with end-stage renal 
disease on dialysis suggest that disease-specific approaches result in better surro-
gate understanding of patients’ goals and more goal-concordant care decisions at 
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the end of life [32, 33]. Table 13.3 summarizes suggested assessment of advance 
care planning and palliative care needs for solid organ transplant recipients in the 
primary care setting.

 Challenges with Advance Care Planning in the Primary 
Care Setting

Challenges to ongoing advance care planning and completion of advance directives 
in the primary care setting include inadequate time during patient visits, lack of 
education and resources related to advance care planning, billing concerns, and 
problems with documentation and access in electronic health records (EHRs) [34, 
35]. In the United States, as of January 2016, Medicare reimburses physicians and 
advanced practice providers for advance care planning counseling under a separate 
billing code; however, estimates suggest that use of this reimbursement remains low 
[36, 37].

Documentation of advance care planning conversations is essential for the infor-
mation to be used by patients over time and should be accessible to clinicians in 

Table 13.3 Primary care assessment after organ transplantation: advance care planning and cues 
to further discuss palliative care

Topic Example questions

Post-transplant primary care—Routine 
assessment at initial visit(s)
  Review pre- and post-transplant course
  Duration of illness, complications, end-of- 

life or near-death experiences, 
hospitalizations, healthcare trauma

How has the transplant experience been for 
you?
What surprised you about the experience?
Was anything more difficult than you expected?
Was anything easier than you expected?

Symptom assessment at all visits Do you have any symptoms that are troubling 
you?/Tell me about any symptoms that may be 
bothering you.

Previous advance care planning
  Documents, including advance directive, 

power of attorney for healthcare
  Prior discussions

Are you familiar with advance care planning?
Have you discussed advance care planning 
before transplantation? Would you be willing 
to talk about it today?
Have you reviewed your advance care 
planning documents since your transplant?
Who are the important people with you in your 
health and wellness? Who are your sources of 
support?

Situations in which revisiting palliative care 
discussions is indicated:
  Organ dysfunction
  Irreversible graft failure
  Discussion of re-transplantation or needing a 

different organ transplantation
  Ongoing problems with symptom control
  Recurrent hospitalizations
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various settings and across the care continuum. Ongoing efforts are being made by 
EHR vendors to enable clinicians to store and find advance care planning informa-
tion so that it is easily accessed. Despite this, there are ongoing challenges, such as 
lack of training and no centralized and consistent location for advance care planning 
information in the EHR [34].

 Resources for Improving Advance Care Planning Skills

There are decision aids for patients and resources to help clinicians build their skills 
in having conversations about patient’s preferences regarding future medical care 
and personal values (Tables 13.4 and 13.5).

 Symptom Management in Solid Organ Transplant Recipients

Advanced chronic disease, including in solid organ transplant recipients, can lead to 
symptoms of fatigue, depression, anxiety, pain, shortness of breath, peripheral 
edema, ascites, nausea, pruritus, decreased appetite, sleep disturbances, and enceph-
alopathy [4, 9–12]. Patients may have symptoms post-transplantation due to surgi-
cal recovery, toxicity from immunosuppressive medications, or graft dysfunction 

Table 13.4 Resources for advance care planning conversations

Resource Description Links

Advance Care Planning 
Decisions

Non-profit subscription 
service for providers with 
free videos on advance 
care planning for patients

For clinicians:
https://acpdecisions.org/
For patients:
https://acpdecisions.org/patients/

IHI Conversation Project Guide in multiple 
languages for families to 
use in having the initial 
conversation

https://theconversationproject.org/

VitalTalk Communication 
frameworks for goals of 
care conversations and 
delivering difficult news

https://www.vitaltalk.org
VitalTips App (Apple or Android)

CAPC Communication 
Skills

Online course on 
communication skills 
Membership required and 
CME available

https://www.capc.org/training/
communication-skills/

Conversation Resources
Dying in America: 
Improving Quality and 
Honoring Individual 
Preferences Near the End 
of Life

Variety of Resources 
from the National 
Academies of Sciences, 
Engineering, Medicine

http://nationalacademies.org/HMD/
Reports/2014/Dying-In-America-
Improving-Quality-and-Honoring-
Individual-Preferences-Near-the-End-of-
Life/The-Conversation.aspx%20
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[4, 12]. Lung transplantation is associated with high symptom burden [12]. In the 
early post-transplant period, the transplant team and/or pain specialists manage 
symptoms. When patients return to primary care, the primary care provider may 
begin to manage pain and other symptoms.

A symptom screening tool, such as the Edmonton Symptom Assessment System 
(ESAS), may be helpful for screening and longitudinal monitoring of symptoms in 
solid organ transplant recipients [38]. If the etiology of a symptom is unknown, 
diagnostic evaluation may be warranted to determine the underlying cause.

Symptom management goals often differ pre-transplantation, in the immediate 
post-operative recovery period, and long-term post-transplantation. Whenever 
possible, it is recommended to treat the underlying cause of pain and other symp-
toms. This is dependent on whether an effective treatment is available and on the 
patient’s prognosis and goals of care. For patients who have undergone successful 
solid organ transplantation and have a resulting improvement in symptoms, the 
focus may be on discontinuing opioids and other symptom medications. In one 
study, patients receiving palliative care while awaiting lung transplantation had 
opioids discontinued in a timely manner postoperatively [4]. Non-pharmacologic 
and less-invasive measures should be utilized to treat pain and other symptoms 
whenever possible.

Patients with persistent symptoms from post-transplantation complications or 
other causes may require opioids or other medications. Opioids are effective in 
treating pain and dyspnea, common symptoms in advanced chronic disease, but 
caution is warranted due to the risks of addiction and opioid overdose that may 
result in death, and other adverse effects such as worsening encephalopathy and 
constipation [38]. Patients with liver and kidney dysfunction have a higher risk of 
adverse medication side effects, including with opioids, due to impaired clearance 
of drugs and their metabolites. Initiation or escalation of opioid therapy, for any 
symptom indication, may be a good time to revisit goals of care discussions with 
patients.

Table 13.5 Helpful questions and statements for discussing advance care planning

Exploring
  “How do you feel things are going with your health?”
  “Can you talk more about what you mean when you say…?”
  “Will you tell me more about…?”
Responding to emotion
  “This must be frustrating, I know you’ve been waiting a long time for…”
  “Will you tell me more about what you’re worried about?”
  “I know this can be hard to talk about…”
Support
  “I would like regular appointments with you to continue to support you in this.”
  “I appreciate your willingness to talk about this.”
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 Pain

Pain management in the solid organ transplant recipient can be a significant chal-
lenge. Transplant recipients may have pain related to transplantation or chronic or 
acute pain due to other causes. After evaluation and treatment, if appropriate, of the 
underlying cause of pain, non-pharmacologic interventions should be considered. 
Non-pharmacologic interventions associated with improvement in chronic and/or 
postoperative pain include manipulative therapy, acupuncture, massage therapy, 
mindfulness-based stress reduction (MBSR), cognitive behavioral therapy (CBT), 
physical therapy, biofeedback, and movement therapies such as yoga [39].

When medications are utilized, it is recommended to start with non-opioid anal-
gesics. Over-the-counter pain medications such as acetaminophen may benefit some 
patients, even those with liver failure. Short-term use of acetaminophen at 4 g/day 
may be appropriate; one study showed no adverse effects when acetaminophen was 
given to patients with stable liver disease [40]. Recommendations for longer term 
use include decreasing the dose to 2–3 g/day and should always be discussed with 
transplant team before using doses that exceed 3 g/day in the liver transplant recipi-
ent [11]. Nonsteroidal anti-inflammatory drugs (NSAIDs) are not recommended in 
patients with liver or kidney failure because of increased risk of kidney injury, hepa-
torenal syndrome, and bleeding, and they interfere with the effect of diuretics [11]. 
Furthermore, chronic kidney disease is common in solid organ transplant recipients, 
and NSAIDs are often routinely avoided in this population because of the high risk 
of kidney disease (see Chap. 11). Heart transplant recipients receive routine aspirin 
therapy and the use of NSAIDs increase the risk of bleeding and cardiovascular 
disease (see Chap. 6). Gabapentin and pregabalin should be dose-reduced or discon-
tinued in renal failure patients, in particular in end-stage renal disease (ESRD) 
patients when dialysis is stopped [41].

For patients with moderate to severe acute or persistent pain, opioids may be 
appropriate to manage pain. Initiation or escalation of opioid therapy for persistent 
or worsening pain or other symptoms may warrant a discussion of goals of care. If 
oxycodone, morphine, or hydromorphone is prescribed in the setting of end-stage 
liver disease, dose reduction and increased dosing intervals are recommended due 
to impaired elimination [11]. In kidney and liver failure, toxic morphine and hydro-
morphone metabolites accumulate and may cause adverse effects [11, 41]. Morphine 
should be avoided in patients with both liver and renal dysfunction due to the result-
ing risk of neurotoxicity [11].

Fentanyl and methadone are good options for patients with severe liver or kid-
ney disease as they do not have known altered kinetics. The recommendation is to 
start with low doses and titrate slowly, and methadone should be prescribed by 
those with adequate clinical experience with its use [11, 41]. If these medications 
need to be used, consider consultation with a pain specialist or palliative care 
specialist.
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 Dyspnea, Cough

Solid organ transplant recipients may experience dyspnea and cough from advanced 
chronic disease or complications of transplantation. The underlying cause should be 
determined and treated whenever possible. Dyspnea can be difficult to manage and 
can be a sign of advanced disease or graft failure. In cases of refractory or difficult- 
to- manage dyspnea, especially when initiating or escalating opioids or benzodiaz-
epines, patients’ goals of care should be revisited.

Management of dyspnea should often include nonpharmacologic measures in 
conjunction with medications. Nonpharmacologic measures that can improve 
symptoms include upright positioning and/or use of a fan (or open window) to 
increase air movement [42]. For patients with hypoxia, oxygen therapy may help 
ease their discomfort. Opioids often provide relief from dyspnea refractory to the 
treatment of the underlying cause [42]. In opioid-naive patient, start with low doses 
of an oral opioid such as morphine. Patients who are opioid tolerant often need 
higher doses. Benzodiazepines can also be considered for breathlessness, though 
they may have more sedating effects than opioids and are considered second- or 
third-line treatment [43].

 Diarrhea, Nausea, and Constipation

Diarrhea is common in solid organ transplant recipients and can lead to serious 
complications and impact the quality of life. It is important to determine the cause 
of diarrhea in solid organ transplant recipients since they have a higher incidence of 
opportunistic infections, chronic diarrhea, and diarrhea as a medication side effect 
(see Chaps. 3,  8, and 9). Targeted treatment against pathogen(s) identified and fluid 
replacement should be prioritized [44]. Reduction of transplant medication dose or 
changing to other immunosuppressive regimens can be attempted by the transplant 
team when pathogens are ruled out [44]. For patients that have a negative test for 
C. difficile and no evidence of megacolon or inflammatory diarrhea, empiric anti-
motility agents should be considered [44].

Nausea and constipation are common symptoms in advanced chronic disease. As 
with other symptoms, the underlying cause must be evaluated and treated whenever 
possible. Nausea and constipation may be the result of a medication side effect and 
discontinuation is recommended if possible. Acupuncture, ginger, pyridoxine (vita-
min B6), or a low-fat or liquid diet may provide relief from nausea [45]. The cause 
of nausea may be helpful in choosing an antiemetic, though the etiology may be 
multifactorial or uncertain. Types of antiemetics include anticholinergics, antihista-
mines, benzodiazepines, atypical and typical antipsychotics (for example, haloperi-
dol and olanzapine), cannabinoids, corticosteroids, phenothiazines, serotonin 5HT3 
antagonists, and pro-motility drugs such as metoclopramide. Due to side effects and 
drug-drug interactions, caution is recommended with choosing an antiemetic. 
Phenothiazines and metoclopramide can cause extrapyramidal side effects. 
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Serotonin antagonists, such as ondansetron, have constipation as a side effect [45]. 
If uncertain, the primary care provider should consult with the transplant team or a 
transplant pharmacist to minimize the risk of adverse drug effects or interactions.

Non-pharmacologic measures for constipation may provide some relief, though 
evidence is limited, and include scheduled toileting, exercise, and increased water 
and fiber intake [46]. Pharmacologic options for constipation include osmotic laxa-
tives, such as polyethylene glycol and lactulose, and stimulant laxatives, such as 
senna and bisacodyl. For opioid-induced constipation refractory to other laxatives, 
a mu-opioid antagonist may provide relief [45]. Stool softeners such as docusate 
have not been shown to be effective in treating constipation [47].

 Edema

Heart, liver, or kidney failure can all lead to fluid accumulation, which can build up 
in many areas including the abdomen, lungs, and extremities. Diuretics and sodium 
restriction are the mainstays of treatment for edema in patients with heart failure 
and liver disease, with close monitoring needed for volume status, electrolyte abnor-
malities, and renal function. The symptom burden of edema, and the need or desire 
for medical optimization of volume status, should be balanced against the potential 
inconveniences of pill burden, frequent urination, and laboratory monitoring. 
Refractory ascites may require procedural interventions for management, depend-
ing on feasibility and a patient’s goals of care.

 Depression and Anxiety

Depression is the most prevalent psychiatric disorder in the post-transplantation 
population [48]. Current recommendations for screening for depression and anxiety 
in the outpatient setting include use of patient-reported measures, such as Patient 
Health Questionnaire-9 (PHQ-9) and General Anxiety Disorder -7 (GAD-7) [49]. 
Solid organ transplant recipients may experience feelings of guilt for the donor or 
other patients who are still on the waiting list or did not survive [50]. It is important 
to differentiate guilty feelings from depression (which can include guilt) based on 
history, presence of other depressive symptoms, and examination findings. 
Adjustment-related symptoms can also occur. Medication therapy includes a selec-
tive serotonin reuptake inhibitor (SSRI), with preference for escitalopram and ser-
traline because of fewer drug interactions with anti-rejection medications [48]. 
Citalopram may be used, but it may cause QT prolongation; the maximum dose of 
citalopram recommended for patients over the age of 60 or with liver impairment is 
20 mg/day and caution is advised for patients with congestive heart failure, bradyar-
rhythmia, and if receiving other medications that prolong the QT interval [51]. 
Venlafaxine, duloxetine, and mirtazapine are also reasonable options since they 
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appear to have few effects on cytochrome P450 and therefore not likely to signifi-
cantly interact with immunosuppressants [50, 52]. Mirtazapine can be considered a 
second-line treatment in post-cardiac transplant patients with cachexia, since they 
may benefit from its side effect of appetite stimulation [50]. For patients with renal 
and/or liver dysfunction, caution is advised, and for some antidepressants dose 
reduction is recommended [50, 52, 53] (see Chap. 3). Mindfulness-based stress 
reduction techniques can help decrease depressive symptoms and increase quality 
of life in solid organ transplant recipients [54]. Psychotherapy with an SSRI has 
been shown to be effective in treating patients with depression after cardiac trans-
plantation [50].

 Palliative Care Resources for Clinicians

There are resources available for palliative care clinical questions that include 
symptom management topics (Table 13.6).

 Transplant Failure

Even with perfect preparation, technical skill, postoperative care, and medical 
management, some transplants will fail. Any solid organ transplant failure should 
trigger additional conversations around goals of care as they may shift over time. 
Consider palliative care consultation in any patient with organ failure with any of 
the following signs: significant change in health status, significant change in func-
tional status or cognitive decline, high or increasing symptom burden, worsening 
disease based on disease-specific classification or markers, consideration of 
advanced therapies, frequent visits to the ER or ICU admissions, patient or family 
request, or approaching the end of life [4]. Most importantly, primary care provid-
ers should have a low threshold to consult with a palliative care provider if there 
are ongoing symptoms or potential changes in goals of care, both of which are 
likely to occur with end-stage disease. Palliative care consults are often called late 

Table 13.6 Palliative care resources for symptom management

Resource Description

Palliative Care Network of Wisconsin: Fast 
Facts and Concepts

Search palliative care topics via website or 
mobile app
https://www.mypcnow.org/fast-facts/

Primer of Palliative Care, 7th edition 
(American Academy of Hospice and 
Palliative Medicine)

Pocket-sized handbook with a variety of 
palliative care topics, which includes opioid 
conversation table

CAPC Symptom Management Courses https://www.capc.org/training/
symptom-management/
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in the course of organ transplant failure or not at all, but are likely most beneficial 
when patients have a therapeutic relationship with palliative care providers prior to 
graft failure [4].

Each solid organ transplant presents different considerations with respect to 
readdressing advanced care planning if graft failure occurs.

Kidney transplant recipients more frequently are able to receive another trans-
plant compared to other solid organ transplant recipients—in the United States in 
2017, retransplants represented 11% of adult kidney transplant recipients [55]. This 
comparatively high rate may be due to patient factors, donor availability, and the 
option of dialysis. However, decisions surrounding the initiation (or re-initiation) of 
dialysis and pursuing retransplantation are appropriate opportunities for reassessing 
a patient’s goals of care. Even if a patient is familiar with dialysis from prior to 
transplantation, the post-transplantation dialysis goals of care may have changed: 
the patient will now be older, may have had more health complications, and is now 
immunosuppressed—these experiences may factor into the decision-making per-
taining to dialysis and retransplantation. If dialysis and retransplantation are not 
options or not chosen, then management should include relieving the symptoms of 
end-stage renal disease, including treatment of volume overload and uremia.

Liver transplant recipients sometimes receive re-transplantation, more com-
monly early after initial transplantation—for example due to vascular complica-
tions—and less commonly performed in the late period after transplantation [56]. 
Unlike kidney transplant recipients, they do not have dialysis or other bridging 
therapies as options. In patients with end-stage liver disease who are not candidates 
for or who do not pursue retransplantation, symptom management will likely 
include care of volume overload, encephalopathy, and bleeding.

Heart retransplantation is less common than kidney or liver retransplantation, 
representing only 2–3% of heart transplants based on registry data [57]. The use of 
mechanical circulatory support such as left ventricular assist devices is generally 
not an option in the post-heart transplant setting because of anatomy, thrombosis, 
and risk of infection. Given the relative infrequency of retransplantation, early 
involvement with palliative care should be considered for heart transplant recipients 
with graft failure. Dyspnea and volume management will be necessary to improve 
quality of life.

Similar to heart transplant recipients, retransplantation is uncommon in lung 
transplant recipients, representing 2–3% of lung transplants [58], and is associated 
with poorer outcome compared with initial transplantation [59, 60]. Because of 
these outcomes, early palliative care involvement is recommended, as the patient 
will most likely need management of dyspnea as respiratory failure progresses.

Discussions of comfort-focused care and/or hospice in patients with end-stage 
disease after solid organ transplantation failure are appropriate if retransplantation 
is not an option or not desired.
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 Conclusion

Palliative care is specialized medical care for people living with serious illness that 
focuses on quality of life for both the patient and family [1]. Palliative care has been 
proposed for patients with advanced organ failure beginning at diagnosis and con-
tinuing through transplant and beyond, given the associated high morbidity and 
mortality awaiting transplantation and post-transplantation [4, 7–12]. When solid 
organ transplant recipients present to the outpatient clinic, it may be an opportunity 
for the primary care provider to incorporate primary palliative care interventions 
into their medical care. Primary palliative care interventions include advance care 
planning and basic pain and symptom management. There are clinical resources 
available for advance care planning, communication skills, and symptom manage-
ment. Advance care planning discussions should recur as health circumstances 
change, including post-transplantation, with worsening health status, or cognitive 
decline. Initiation or escalation of opioid therapy for managing refractory symp-
toms is an appropriate time to readdress patients’ goals of care. Referral to a pallia-
tive care specialist may be needed in cases of refractory symptoms, worsening 
health status including graft failure, cognitive decline, approaching end of life, or 
challenging decision-making when considering high-risk procedures.
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